Oxytocin and emotion processing
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ABSTRACT
Since the observation that oxytocin has key effects on social decision making, research on
this exciting neuropeptide has doubled in volume: hundreds of studies have pursued the
promise of a specific oxytocin action on high-level cognition and social function with wide
potential translational implications (from autism to social anxiety to dementia). Here we
review the evidence on whether the complex behavioural effects observed in humans after
exogenous oxytocin administration build on changes in basic emotional information
processing, in particular emotional facial expressions recognition, and attention and memory
for emotionally-valenced stimuli.
We observe that recent studies confirm a facilitatory effect of oxytocin to more accurate
emotion processing, irrespective of emotion type. However, it remains unclear whether this
action precedes, is independent of or even secondary to the neuropeptide promoting a
greater salience of social stimuli. Overall, this growing research area has shown that
oxytocin produces behavioural and neurofunctional outcomes that are highly dependent on
the experimental context and on individual differences (gender, personality, life
experiences). This poses an exciting challenge for future experimental medicine designs to
address and unpack complex interactions between individual and context characteristic,
which is needed for the development of more precise clinical applications.

The study of the neuropeptide oxytocin and its effects on animal and human social
behaviour has become one of the most popular areas of psychopharmacology research over
the last ten years. The number of publications in the field has boomed, for example going
from 350 hits on PubMed for 'oxytocin and human behaviour' in 2005-2010 to 745 hits in
2010-2015. This is unsurprising given the exciting promise that oxytocin may exert a specific
action on high-level cognition and social function. The potential translational implications,
recently extended from autism and social anxiety to PTSD and borderline personality
disorder or dementia, further justify the success and popularity of this relatively new field of
research.
Our 2009 paper Oxytocin enhances processing of positive vs negative emotional information
in healthy male volunteers described the effect of a single dose intranasal administration of
oxytocin on the processing of emotional information in a sample of healthy volunteers. Our
curiosity - as that of many others - was triggered by the seminal experiment of Kosfeld et al.
(2005) that revealed increased trust-related behavior after just a single dose of intranasal
oxytocin administration compared to placebo.
Our study assessed whether oxytocin's effects on social behaviour could be underpinned by
changes in emotional information processing, similar to the growing evidence that
antidepressant effects on mood and behaviour may derive from reverting negative cognitiveemotional biases typical of depression (Warren et al 2015). In particular, we used the same
experimental methodology previously used to elucidate antidepressant drug action to
explore the effects of oxytocin (Harmer et al., 2003, 2004, Browning et al., 2007). Comparing
a single dose of intranasal oxytocin (24UI) to placebo in healthy male volunteers, we showed
that oxytocin modulated the recognition of emotional facial expressions. The effects were
subtler than seen with antidepressant drug treatment, but broadly in the same direction.
That is, that oxytocin facilitated the accurate identification of positive vs. negative emotions
and slowed down the recognition of negative emotional expressions such as morphed fearful
faces.
Further studies have addressed the same question following our findings in larger samples
and including female participants as well as males. Using a very similar emotion recognition
paradigm, Marsh et al. (2010) found that oxytocin produced a more accurate recognition of
morphed happy faces compared to placebo. However, some studies also reported an
oxytocin-induced in negative bias in emotional facial expression processing (Fischer-Shofty
et al., 2010, Lischke et al., 2012a). A recent meta-analysis by Shahrestani et al. (2013)
confirmed that single dose intranasal oxytocin administration to healthy volunteers facilitates
emotion recognition relative to placebo, regardless of facial expression type. This effect
appeared to be of small size and moderated by emotion type, so that oxytocin had a
significant impact on happy faces under implicit recognition parameters (<300ms
presentation duration) and on fearful faces under explicit recognition parameters (>300ms).
The latter is consistent with data on happy faces being easier to recognise, so that with
longer presentation duration accuracy scores may reach a ceiling effect. It should be noted
that while a quantitative meta-analysis represents a progress in our understanding of the
current literature, this was only able to include seven out of the numerous papers that have
investigated facial expression processing as it was limited to data reporting accuracy
outcomes while processing full faces of 100% emotional intensity. Further experimental

studies are therefore required to draw definitive conclusions on the presence/absence of a
valence-based modulation of facial expressions processing by oxytocin.
The lack of a valence-based effect on facial expression processing following oxytocin
administration may appear paradoxical: the numerous accounts of oxytocin facilitating
prosocial and approach behaviour may be predicted to rely on increased positive bias
processing (i.e. a selective focus on approach relevant emotions such as happiness).
However, a prosocial outcome may also result from increasing the tendency to correctly
process all emotional expressions and in the reduction of ambiguity, which in turn may
promote feeling at ease with facial expressions regardless of their emotion, increase
empathy (Hurlemann et al., 2010, Bartz et al., 2010) and even reduce the natural aversion to
negative faces (Evans et al., 2010). Therefore, consistent with our original hypothesis, it is
possible that increased processing of emotional stimuli, in particular recognition of facial
expressions, contributes to changes in more complex social behaviour. This link needs to
be tested for example, by using mediation analysis in large studies capturing both changes
with oxytocin administration.
In our original study, we also tested whether oxytocin administration produced any emotional
attentional bias compared to placebo, using a dot probe task with happy and fearful faces.
While the same task has been shown to be sensitive to antidepressant and benzodiazepines
manipulation (Browning et al., 2007, Murphy et al., 2008), oxytocin did not appear to modify
covert attention to emotional stimuli in this paradigm. Based on null results on a visual
search task, Guastella and MacLeod (2012) also concluded that oxytocin was unlikely to act
via shifting attention towards or away from social/emotional stimuli. However, subsequent
studies have shown that oxytocin is able to modulate early attentional processing towards
emotional stimuli (Domes et al., 2013, Clark-Elford et al., 2014, Tollenaar et al., 2013).
Increased eye gaze exploration of the eye region of faces following oxytocin administration
has also been reported, although results are inconsistent and possibly task, population or
gender-dependent (Gamer et al., 2010, Andari et al., 2010, Guastella et al., 2008, Domes et
al., 2009).
Attention bias is one of the mechanisms believed to underpin symptoms of anxiety, and the
findings above suggest that oxytocin may have an anxiolytic effect by shifting attention
towards positive cues. Moreover, if anxiety is characterised by misinterpretation of stimuli as
threatening, oxytocin may reduce this by promoting the exploration of any salient facial
expression and possibly increasing engagement with social stimuli (in opposition to
avoidance mechanisms that maintain anxiety). Therefore anxiety reduction - at least social
anxiety - may result from both valence and non-valence-based changes in attention
mechanisms. It has been suggested that the so-called oxytocin 'prosocial' effects on higher
order cognitions and behaviour may be secondary to such general anxiety reduction. This
hypothesis is further backed by evidence of oxytocin also having an impact on arousal
(Ellebogen et al., 2014) and other measures of stress reactivity unrelated to social stimuli
(for a review see Neumann and Slattery, 2016); however, there are also accounts of
oxytocin-induced increases in anxiety (Grillon et al., 2013).
An alternative view around oxytocin's mechanism of action argues that this occurs by
increasing the salience and processing specifically of social stimuli (positive and negative),
possibly via interaction with the dopaminergic mesocortico-limbic system (for a review see
Shamay-Tsoory and Abu-Akel, 2015) and unrelated to any anxiolytic effect. This social

salience hypothesis could equally explain the above findings on facial expression recognition
and attentional biases: increased attention to facial features that convey a social meaning
(eyes, mouth) following oxytocin administration (Guastella et al., 2008, Gamer et al., 2010)
could in turn facilitate emotion recognition regardless of emotion type. One study that
addressed this idea found that improved emotion recognition was not associated with
changes in visual scanning of faces (Lischke et al., 2012a). Neuroimaging data have
indicated that compared to placebo oxytocin was associated with differential reactivity to
emotional facial expression and to eye gaze deployment to facial features (irrespective of
emotion) in different subregions of the amygdala (Gamer et al., 2010). Another study failed
to detect eye gaze shift in correspondence with increased amygdala reactivity to threatening
scenes (Lischke et al., 2012b), but this could also suggest that modulation of eye gaze
orientation is specific to face processing, faces and eyes being the 'most' social of human
stimuli.
Overall, the above evidence suggests that the oxytocin-driven modulation of emotion
processing may actually be separate if not secondary to the facilitation of social cues
processing. A difficulty in disentangling these effects derives from the obvious fact that social
stimuli very often convey an emotional content. Most emotional cues used in human
experimental designs are of a social nature and most paradigms to date have utilised mostly
both positive and negative (rather than neutral) social stimuli compared to non-social stimuli
to demonstrate the specificity of oxytocin's action on social salience (but see Perry et al.,
2010 for a task where oxytocin modulated the response to biological compared to nonbiological motion). Advocates of the social salience hypothesis highlight that this allows us to
reconcile accounts of oxytocin promoting 'antisocial' effects, because increased salience
attribution to social cues may well result in expressing emotions of envy (Shamay-Tsoory et
al., 2009), hindering trust (Bartz et al., 2011a) or inhibiting disengagement from sad faces
(Ellenbogen et al., 2013). Overall, while the view that oxytocin exclusively promotes
prosocial affiliative behaviour via producing a positive emotional bias - in particular in facial
expression processing - appears simplistic, the association and hierarchy of oxytocin effects
on emotional and social stimuli remains to be fully understood.
Finally, our study did not detect changes in memory for self-relevant emotional stimuli by
oxytocin compared to placebo. Subsequent research on animal models and human
participants has shown that by using fear and social fear conditioning paradigms oxytocin's
effects on memory can be dissected into a complex picture whereby results are dependent
on the phase of peptide administration (pre vs post memory encoding) and the nature of the
conditioning stimulus. Animal studies suggest that oxytocin influence on memory acquisition
and extinction may also be dose-dependent, although this remains to be tested in humans
(see for a review Chini et al., 2014). While effects on memory and fear do not appear to be
specific for social stimuli, it has been hypothesised that oxytocin role in social recognition
memory and fear responses is also mediated by changing the emotional and social saliency
of stimuli and contexts (Maroun and Wagner, 2016).
In summary, the explosion of research on oxytocin's effects on emotion processing and
investigation of the other potential mechanisms that could underpin the peptide's role in
human behaviour depicts a complex, and at times, contradictory landscape. Leaving aside
the debate on if and how exogenous intranasal oxytocin reaches brain sites of action (Leng
and Ludwig, 2016), some inconsistencies are probably the result of methodological
shortcomings and small sample sizes (Walum et al., 2016, Guastella and MacLeod, 2012).

Unlike data on antidepressant administration, there isn't yet a robust set of tasks that could
assess response to oxytocin administration in a replicable way, and this should be one of the
aims for future research, as already highlighted by others (Sharestani et al., 2013). Another
issue is some confusion in the level of investigation and explanation that is sometimes
adopted. For example, it is frequently reported that experiments 'controlled for anxiety' and
oxytocin did not exert any subjective change in anxiety, however this does not exclude that
the peptide may still have acted via modifying preconscious cognitive processes that
contribute to subjective anxiety, and so via reducing the likelihood of anxiety formation. A
major challenge remains to determine the links between the different stages of cognitive
processing and their underpinning neural circuitry (Guastella and Macleod, 2012), and
whether the modulation of more basic cognition including automatic processes has a causal
relationship with changes in more naturalistic observable behaviour (such as social
interactions) and subjective feelings.
Despite these complexities, a consistent finding is that the behavioural and neurofunctional
outcomes of exogenous oxytocin administration are highly dependent on the context and on
variability in broadly defined 'individual differences factors' such as life experiences or
personality traits. It has been suggested that rather than investigating whether oxytocin
promotes social behaviour, the question should be when and for whom does oxytocin
promote social behaviour (Bartz et al., 2011b). For example, contextual factors influencing
oxytocin-induced response to social and emotional cues might be whether the faces stimuli
are of familiar or unfamiliar individuals, or placed in a familiar or novel environment, and
what are the motivational drivers within the situation (for example, cooperation or
competition, task-relevance and ultimately even the expectations generated by the
experimental setting). With regards to the influence of individual differences, it has been
demonstrated that oxytocin's ability to modulate emotional processing could be dependent
for example on participants' baseline levels of empathy (Bartz et al., 2010), social anxiety
(Labuschagne et al., 2010, Clark-Elford et al., 2014) and early life stress (Grimm et al., 2014,
Feeser et al., 2014). Future research should investigate whether variability in individual traits
and life experiences corresponds to variations in endogenous oxytocin levels, which in turn
may reflect variants in oxytocin receptor genes and their expression (see for example Puglia
et al., 2015).
Finally, an additional factor that needs consideration in oxytocin research is sex-differences
in the oxytonergic (and vasopressin) systems. Research in rodents suggests that oxytocin
plays a sex-specific role in diverse social behaviors such as social avoidance, social
recognition, partner preference, social play and social interest (for a review see Dumais and
Veneema, 2015). While initial studies in humans were only conducted in male samples,
more recent research has highlighted that gender differences may exist in the effects of
oxytocin (Domes et al., 2007, 2010). Sex-specific differences in modulation of information
processing may in turn impact on sex-dependent behavioural responses to oxytocin
administration (Dumais and Veneema, 2015).
Progress in understanding the pharmacological and cognitive mechanism of action of
oxytocin (and possibly most psychoactive substances) could then derive from new
experimental designs that model 'if... then...' scenarios possibly with multiple interacting 'if'
factors (Mischel and Shoda, 1995). Similar to individualised cognitive therapy formulations,
one could test whether and how oxytocin may reduce anxiety in individuals with different
attentional biases to social stimuli (such as preferential attention orientation to negative

faces or attentional avoidance of all facial expressions) that map onto increasing levels of
social anxiety, in the context of different task demands (for example, an evaluative vs. a
supportive context). That pharmacological manipulation may produce different responses to
emotional stimuli based on individual traits has also been shown for serotonergic
antidepressants (Di Simplicio et al., 2014). In fact, while antidepressant reduction of negative
biases in emotional processing has been more robustly replicated than any oxytocin-driven
effect, utilising a more naturalistic 'if...then...' approach may help unravel some of the
idiosyncrasies in the subjective response of clinical patients to antidepressant treatment that
impact negatively on the drugs tolerability and therapy compliance; for example why and
when do certain individuals respond to serotonergic drug administration with so-called
'emotional numbing' or 'paradoxical anxiety'.
This kind of individual approach has the potential for designing well combined
pharmacological and behavioural / cognitive interventions: cognitive training or a behavioral
intervention should produce the context whereby oxytocin exerts the desired prosocial effect
given the individual's baseline characteristics. Although refining such interventions may
appear quite laborious compared to the enthusiasm generated by some early translational
applications (see clinical trials of oxytocin for schizophrenia, generalised anxiety and social
anxiety, see Bakermans-Kranenburg and van IJzendoorn, 2013), this could represent an
exciting avenue for experimental medicine designs. It could offer the chance of testing more
targeted therapeutic interventions and avoiding an apparent lack of effects by averaging
across different individual factors (see animal data on chronic oxytocin administration
producing detrimental social effects, Bales et al., 2013).
In summary, research on oxytocin remains an exciting avenue for understanding social
behaviour, brain function and for potential therapeutic application. Yet the burgeoning of
research has revealed complex effects, which need to be explored in controlled studies
particularly considering the role of different cognitive processes and individual differences.
We believe that addressing this challenge will be and exciting opportunity for the next 30
years of psychopharmacology research to bring us closer to greater precision of psychiatric
treatment and understanding.
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