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English Summary

English Summary

The overall aim of this dissertation was to evaluate different methods of facilitating core
social cognitive functions. Previous studies have provided evidence for beneficial effects
of both intranasal oxytocin (OXT) application and transcranial direct current stimulation
(tDCS) in modulating social cognition. However, it has also been demonstrated that the
degree to which individuals are susceptible to OXT varies substantially. For example, the
response depends on environmental factors and socio-emotional abilities. Hence, the
present dissertation additionally aimed to further identify individual differences in

participants regarding their benefit from OXT application.

In study 1, we therefore used a pharmacological approach to investigate the effects of
OXT on the recognition of basic facial expressions. To account for the role of
environmental factors in the modulation of central sensitivity to the effects of OXT, we
investigated whether these depend on early life stress (ELS) experience. Our results
show that OXT improved emotion recognition for avoidance-related emotions (for
example fear and sadness). This effect was more pronounced in participants with lower
levels of ELS experience. These findings are compatible with previous studies reporting
that OXT modulates motivational behavior. In addition, our data suggest that ELS
experience might have an impact on the development of the central nervous OXT system

which in turn leads to lower sensitivity to the effects of intranasal OXT administration.

In study 2, we investigated the ability to infer complex mental states of others.
Additionally, we evaluated whether the effects of OXT depend on the ability to
empathize. Our results indicate that OXT specifically enhanced mentalizing accuracy for
difficult items in participants with lower empathy scores. Our findings corroborate
previous studies which showed that OXT induced effects are more pronounced in

individuals with lower socio-emotional skills.

In study 3, we investigated a more elaborate social cognitive process, namely cognitive
reappraisal. A number of studies have consistently demonstrated that the dorsolateral
prefrontal cortex (dIPFC) plays a critical role in cognitive reappraisal. We therefore
applied tDCS, which has been shown to effectively modulate dIPFC activation, to
investigate effects of increased dIPFC excitability on up- and downregulation of negative

emotions. Changes in reappraisal success were indexed by subjective emotional arousal



English Summary

ratings and skin conductance responses. OQur results demonstrate that tDCS increased
cognitive reappraisal capacities in both directions by either increasing or decreasing
emotional responsiveness. By showing a relationship between prefrontal tDCS and
reappraisal success our results may open up new possibilities for the use of tDCS as an

add-on treatment in patients with impairments in emotion regulation.

To summarize, the present studies confirm that OXT application can be effectively used
to facilitate not only the recognition of basic emotional expressions, but also the
inference of mental states of others, which represents a more complex social cognitive
function. In addition, our results highlight the importance of considering environmental
factors and socio-emotional skills when examining oxytocinergic effects on social
cognition. Results from study 3 show for the first time that prefrontal tDCS can

effectively facilitate cognitive reappraisal.

Furthermore, possible implications for OXT in the treatment of mental disorders, which
are characterized by derogations in core social cognitive domains, are being discussed.

The last chapter includes preliminary results of an additional functional magnetic
resonance imaging (fMRI) study about the effects of OXT on selective attention. The aim
of this study was to identify possible explanatory mechanisms underlying the OXT

effects on social cognition.
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Deutsche Zusammenfassung

Das libergeordnete Ziel der vorliegenden Arbeit lag in der Evaluation verschiedener
Methoden zur Verbesserung sozial-kognitiver Funktionen. Bisherige Studien deuten
darauf hin, dass soziale Kognition durch die intranasale Applikation von Oxytocin (OXT)
und transkranielle Gleichstromstimulation (tDCS) moduliert werden kann. Jedoch zeigte
sich in diesen Studien auch eine erhebliche intraindividuelle Variabilitat hinsichtlich der
Oxytocinsensitivitat, d.h. hinsichtlich des Ausmaf3es, in dem behaviorale und neuronale
Parameter durch OXT moduliert werden. Da die Oxytocinsensitivitit durch
Umweltfaktoren und sozial-emotionale Kompetenzen entscheidend beeinflusst zu sein

scheint, lag ein Fokus dieser Arbeit auf der Untersuchung der Effekte dieser Variablen.

In der ersten Studie wurde untersucht, wie Oxytocin die Fahigkeit zum Erkennen des
mimischen Ausdrucks von Basisemotionen in Abhédngigkeit von friithkindlichen
Stresserfahrungen moduliert. Die Ergebnisse zeigen, dass Oxytocin das Erkennen von
Emotionen verbessert, die mit Vermeidungsverhalten assoziiert sind (wie z.B. Angst und
Traurigkeit). Dieser Effekt war besonders ausgepragt bei Versuchspersonen, die keine
oder wenige frihkindliche Stresserfahrungen aufwiesen. Die Ergebnisse stehen im
Einklang mit fritheren Studien, die einen differentiellen Oxytocineffekt auf
motivationales Verhalten zeigen konnten. Dariiber hinaus unterstreichen die Resultate
den Einfluss friithkindlicher Stresserfahrungen auf die Entwicklung des

Zentralnervensystems und die damit einhergehende verminderte Oxytocinsensitivitat.

In der zweiten Studie wurde die Mentalisierungsfahigkeit anhand einer Aufgabe zum
Erkennen Kkomplexer mentale Zustinde in mimischen Ausdriicken untersucht.
Zusatzlich sollte untersucht werden, inwieweit die Effekte der Oxytocin-Applikation auf
die Mentalisierungsfahigkeit von der individuellen Empathiefahigkeit abhangen. Die
Ergebnisse zeigen eine durch Oxytocin verbesserte Mentalisierungsfahigkeit,
insbesondere bei Probanden mit geringer Empathiefihigkeit. Diese Ergebnisse
bestatigen frithere Studien, die ausgepragtere Oxytocin- Effekte bei Probanden mit

niedrigen sozial-emotionalen Kompetenzen nachweisen.

In der dritten Studie wurde mit dem kognitiven Reappraisal (Neu- oder Umbewertung)
ein komplexerer sozial-kognitiver Prozess untersucht. Eine Anzahl von Studien weisen

darauf hin, dass der dorsolaterale prafrontale Cortex (dIPFC) eine entscheidende Rolle
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im Reappraisalprozess spielt. Frithere Untersuchungen konnten zeigen, dass neuronale
Aktivitdt im dIPFC durch tDCS moduliert werden kann. In der vorliegenden Studie
wurde daher tDCS angewendet, um der Frage nachzugehen, wie sich eine erhohte
Aktivierung im dIPFC auf das Hoch - oder Runterregulieren negativer Emotionen
auswirkt. Die Effektivitit des Reappraisal wurde anhand von Verdnderungen in der
subjektiven Beurteilung der emotionalen Erregung, sowie der Hautleitfahigkeit
gemessen. Die Ergebnisse sprechen dafiir, dass durch tDCS Emotionsregulation in beide
Richtungen verbessert wurde. Dies zeigte sich in einer jeweils intensivierten oder
reduzierten negativen Bewertung von Emotionen und bildete sich zusatzlich in einer
erhohten oder verminderten Hautleitfahigkeit ab. Die vorliegende Arbeit beschreibt
somit einen Zusammenhang zwischen durch tDCS modulierter Aktivitit des
prafrontalen Cortex und der Fahigkeit zur Emotionsregulation. Die Ergebnisse weisen
auf eine mogliche Nutzung von tDCS als Augmentationsbehandlung bei Patienten mit

eingeschrankter Fahigkeit zur Emotionsregulation hin.

Insgesamt unterstiitzen die vorliegenden Ergebnisse den foérderlichen Einfluss von
Oxytocin auf Fahigkeiten zur Emotionserkennung und Mentalisierung. Dartiber hinaus
zeigen die Befunde jedoch auch, wie wichtig es ist, Umweltfaktoren und sozial-
emotionale Kompetenzen zu berlicksichtigen, da diese die Oxytocineffekte ganz
entscheidend modulieren. Zusatzlich konnte erstmals gezeigt werden, dass durch tDCS

eine Verbesserung der Reappraisal-Fahigkeit erreicht werden kann.

Die klinische Relevanz der Befunde im Hinblick auf Behandlungsmoéglichkeiten von
psychischen Storungen, bei denen verminderte sozial-kognitive Funktionen im
Vordergrund stehen, wird in der vorliegenden Arbeit ebenfalls diskutiert. Das letzte
Kapitel dieser Arbeit beschreibt die vorlaufigen Ergebnisse einer Studie, in der die Rolle
der selektiven Aufmerksamkeit bei der Modulation von Oxytocineffekten auf soziale

Kognition mittels funktioneller Magnetresonanztomographie (fMRT) untersucht wurde.
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1 General Introduction

1.1 Social Cognition

Social cognition is a multidimensional psychological construct, which consists of several
processes that allow individuals to decode and encode the social world (Beer and
Ochsner 2006). According to Lieberman (2007a), core processes of social cognition
involve the understanding of oneself, the understanding of others and the control of
oneself. With the help of these processes, individuals are able to interact with each
another and share intentions and experiences, which is crucial for functioning in a social
environment (Frith 2008; Frith and Frith 2012). Hence, several studies on social
cognition highlight evolutionary concerns as the motivation for understanding the

desires, goals and intentions of others (Cosmides and Tooby 2004).

An important aspect of social cognition is the exchange of social signals. This is one of
the first steps in navigating the social world and usually includes the processing of
nonverbal cues with socio-emotional meaning. By sending and receiving social cues, we
are able to communicate our mental state and read those of others. Especially non-
verbal information from the face conveys a rich source of social information (Blair
2003). The present dissertation focuses on core components of social cognition that play
an important role in understanding others, such as the ability to recognize basic facial
emotional expressions and the identification of more complex mental states from facial
cues. Furthermore, a more differentiated process, namely the ability to control oneself

using cognitive reappraisal strategies is investigated.

1.1.1 Emotion Recognition

As mentioned above, a core process of social cognition is the ability to understand
others. This ability can be investigated at a basic level by examining the capacity to
recognize facial emotional expressions. The human face is equipped with a complex
muscle structure that is claimed to exist primarily for the purpose of communicating
with others (Huber 1931). Empirically it has been shown that humans are able to
quickly and accurately decode basic emotional expressions (Ekman and Friesen 1971)
from facial cues. The recognition of facial emotional expressions has been the focus of a
large number of psychological studies over the past decades (Adolphs et al. 2002; Bassili
1979; Mothersill et al. 2014). In these studies, emotion recognition usually refers to an

1
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individual’s ability to accurately detect emotional states from photographs depicting

basic emotional expressions.

A review by Adolphs (2002) suggests the following processes to be involved in
recognizing emotions from faces: First, emotion recognition can be understood as part
of a basic perception process. Empirically it has been shown that humans are capable of
identifying facial emotions simply on the basis of geometric visual properties of a
stimulus (Calder et al. 2001). Hence, on the basis of perceptual processing, humans can
create a category structure of emotions that is equal with the semantic structure of the
emotion concept (Adolphs 2002). Second, one might also hypothesize that emotion
recognition involves the generation of associated knowledge (Damasio and Damasio
1994). That is, during an emotional facial recogniton task, participants need to recall
previously stored memories of other persons” facial expressions that they once

perceived and match them to the stimuli presented.

Previous research demonstrates that facial emotion recognition is a complex process
that implicates a network of interconnected brain regions. Specifically, it has been
shown that this network includes the occipital, temporal and orbitofrontal cortices, the

basal ganglia, the amygdala and right parietal cortices (Adolphs 2002).

1.1.2 Mentalizing

Beyond solely recognizing basic emotional facial expressions of others, humans also
have the ability to understand and predict more complex causes of other peoples’
behavior. During social interactions, humans need to perceive, represent and reason
about the intentions of one’s self and others. This capacity is referred to as mentalizing
(Frith and Frith 2006a; 2006b). Mentalizing is an important prerequisite of participating
in a social environment and implies the ability to interpret information from multiple
sources, such as knowledge about the other person’s perspective and beliefs, as well as
non-verbal cues such as facial expressions and gaze direction (Baron-Cohen 1995).
According to Frith and Frith (2006a) there are two types of mental states that can affect
the way we interact with others. We can identify long-term dispositions, for example if
others can be seen as trustworthy or deceitful, as well as short-term dispositions, such

as happiness or fear. The foundation for mentalizing is partly rooted in infant-caregiving
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attachment relationships and matures over the lifespan with increased interpersonal

interactions (Fonagy et al. 2007).

Several studies have shown a strong relationship between mentalizing and empathy
(Besel and Yuille 2010; Martin et al. 1996). Findings from neuroimaging studies suggest
that greater neural activity in brain circuits underlying mentalizing is related to more
self-reported empathy (Hooker et al. 2008; Hooker et al. 2013). Even though
mentalizing and empathy are often used as synonyms, they represent different skills
that rely on distinct neuronal circuitries (Singer 2006). Over the last years a number of
studies have been conducted on the neural basis of mentalizing. In these studies
participants are usually requested to accurately label the mental state of others from
viewing static photographs, morphed images, cartoon pictures or short videos. It has
consistently been shown that the medial prefrontal cortex (mPFC), the posterior
cingulate and the temporoparietal junction (TP]) are engaged in mentalizing processes

(Frith and Frith 2006a; Saxe et al. 2004; Saxe and Wexler 2005).

1.1.3 Emotion Regulation

Although humans are quickly able to process mental states of others, the socio-
emotional significance of these mental states is not fixed. It rather strongly depends on
complex cognitive reappraisal processes (Ochsner 2004). For example, another person
expressing fear can evoke the motivation to help or the feeling of indifference, either
depending on the way one appraises the person’s intentions. Using cognitive reappraisal
strategies enables us to regulate and control our thinking about the mental states of
others, which in turn impacts our subsequent behavior (Ochsner and Gross 2005).

Cognitive reappraisal is an important component of emotion regulation processes and
refers to changing the way one appraises a situation in order to change its emotional
impact. According to Thompson (1994) emotion regulation can be defined as: “extrinsic
and intrinsic processes responsible for monitoring, evaluating, and modifying emotional
reactions, especially their intensive and temporal features, to accomplish one's goals” (p.
28). In studies investigating emotion regulation, subjects are typically trained with
cognitive reappraisal strategies to down- or upregulate negative emotions elicited by
pictures or videos. Ochsner et al. (2012) recently proposed a model of cognitive control

processes underlying emotion regulation (see Fig. 1).
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Cognitive control processes

Situation g0, ation modification  Attentional deployment  Cognitive change  Response modulation

selection l l l l

—> Stimuli in Context Attention Appraisal Response
Internal: thoughts, sensations ... to a stimulus or Aversive or Experience

External: people, actions, events its attribute Appetitive Behavior
Physiology

Fig. 1 Model of the cognitive control of emotions (adapted from Ochsner et al. 2012)

Previous studies have identified a network of interconnected brain regions that are
engaged while attempting to reappraise negative emotions. This network consists of the
dorsolateral prefrontal cortex (dIPFC), dorsal anterior cingulate cortex (dACC),
ventromedial prefrontal cortex (vmPFC), amygdala, insula and ventral striatum
(Ochnser et al. 2012). Specifically, it has consistently been shown that the dIPFC plays a
crucial role in this process. For example, Eippert et al. (2007) and Ochsner et al. (2004)
found that both down- and upregulation of negative pictures activated the dIPFC as
compared to a control condition. Prior imaging studies have shown that increased dIPFC
activation is associated with altered amygdala activation during cognitive reappraisal.
This results in decreased amygdala activity during downregulation and increased

activation during upregulation of negative emotions (Ochsner et al. 2004).

1.2. Social Cognition in mental disorders

A number of studies have demonstrated that impairments in the previously described
social cognitive functions are characteristic for various severe mental disorders (for a
review see Hoertnagl and Hofer 2014). Recent findings in clinical samples also suggest
that dysfunctions in social cognition can negatively impact quality of life, social
relationships, or employment status (Fett et al. 2011; Fulford et al. 2014). In this
chapter, derogations in core social cognitive functions are exemplified in major

depressive disorder (MDD) and autism spectrum disorder (ASD).
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Impairments in social cognition such as reduced ability to cognitively control emotions
have been consistently shown in MDD (for a review see Berking and Wupperman 2012).
With regard to behavioral measures, Beauregard and colleagues have demonstrated that
patients with MDD report more difficulties in the downregulation of negative emotions
as compared to controls (Beauregard et al. 2006). Erk and colleagues reported a
reduction in emotion regulation capacities as a function of increased depressive

symptom severity (Erk et al. 2010).

As mentioned earlier, neuroimaging studies in healthy participants have characterized a
corticolimbic circuit involved in the top-down regulation of subcortical activation.
Stronger recruitment of the dIPFC and decreased amygdala activation have been
observed when participants reappraise negative stimuli as less negative (Ochsner et al.
2004). However, neuroimaging studies in patients with MDD have consistently reported
hypoactivation in prefrontal brain regions (Davidson et al. 2003a; Mayberg et al. 1997;
Phillips et al. 2003). In line with this, it has been shown that dysfunctional emotion
regulation capacities are associated with abnormally reduced activity in lateral
prefrontal cortices in MDD (for a recent review see Rive et al. 2013). Johnstone et al.
(2007) propose that the lack of engagement of the lateral-ventromedial prefrontal
circuitry, which is crucial for the downregulation of amygdala responses to emotional
salient stimuli, plays an important role in the pathophysiology of MDD. In remitted
patients with previous episodes of MDD, deficits in downregulation of amygdala
responses during reappraisal have been shown by Kanske et al. (2012). The authors
suggest that altered emotion regulation might be a trait-marker for MDD. Besides
impairments in emotion regulation, patients with MDD also show emotion recognition
deficits that are mainly characterized by a bias towards the recognition of negative
emotions. That is, patients with MDD tend not to recognize happy faces correctly and

recognize neutral faces as sad faces (Leppdnen et al. 2004).

Impairments in social cognitive functions are also found to be key symptoms of ASD.
Previous studies have shown that patients with ASD have particular difficulties in facial
emotion recognition (for a review see Harms et al. 2010). The studies reviewed by
Harms et al. (2010) provide evidence that participants with ASD decode facial
expressions differently than controls. That is, in some cases they show impairments in

labeling or matching facial emotions. In other cases their performance is comparable to
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controls, possibly through the use of compensatory mechanisms such as feature-based

learning or verbal mediation.

Especially non-verbal information from the eyes conveys a rich source of social
information that is important in recognizing facial expressions (Baron-Cohen et al.
2000). However, atypical eye contact is a diagnostic criterion for ASD (American
Psychiatric Association 1994). It has been suggested that patients with ASD show
atypical gaze patterns during face processing which are characterized by spending less
time on faces (Phelphey et al. 2002) and focussing less on the eye region (Klin et al.
2002). Interestingly, Kliemann et al. (2010) have demonstrated that ASD is associated
with enhanced avoidance of eye contact. Specifically, the ASD group displayed more
frequent eye movements away from the eyes, which in turn predicted emotional
recognition performance.

It has also been shown that patients with ASD have particular difficulties in
understanding the beliefs and desires of others (Frith 2001; Leslie et al. 2004). Based on
these findings, it has been suggested that the problems in social communication and
interaction in ASD derive from severe impairments in mentalizing abilities (Baron-
Cohen 1995). For example, in an eye-tracking task that measured the spontaneous
ability to mentalize, Senju et al. (2009) report that participants with Asperger syndrome
failed to spontaneously infer mental states of others. Kana et al. (2014) have recently
provided evidence for alterations in functional brain networks underlying mentalizing
in ASD. The authors report lower activation in the TP], inferior frontal gyrus and
premotor cortex in the ASD group. Additionally, attenuated functional connectivity was

observed in the ASD group between the TP] and motor areas.

1.3 Modulating Social Cognition

Dysfunctional social cognition is not only a key symptom of mental disorders, but also
has derogatory consequences, such as impaired well-being and interpersonal
functioning in healthy subjects (Gross and John 2005; Gross and Mufioz 2006).

Considering the importance of efficient social cognitive processes for social functioning
and mental health, the question arises how these processes can be improved. With the
growing body of evidence about neurobiological mechanisms of social cognition, it has

become possible to directly target specific brain regions that are involved. Transcranial
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direct current stimulation (tDCS) is an emerging brain stimulation technique that can be
used to modulate cortical excitability in specific brain regions (please see chapter 1.3.2
for further details on tDCS). However, although the dIPFC plays a crucial role for
emotion regulation and recent studies indicate that tDCS can effectively modulate dIPFC
activity (Keeser et al. 2011; Weber et al. 2014), no study has yet examined whether
directly modulating dIPFC activity using tDCS would result in improved capacities for
cognitive reappraisal. This research gap is addressed in the present dissertation by
study 3.

Another means to enhance social cognition is the intranasal application of oxytocin
(OXT, Meyer-Lindenberg et al. 2011). The effects of OXT on social cognitive domains
such as facial emotion recognition (for a review see van ljzendoorn et al. 2012) and
mentalizing (Domes et al. 2007b) have been widely demonstrated. However, recent
findings emphasize that OXT effects on social cognition strongly depend on baseline
socio-cognitive abilities (for a review see Bartz et al. 2011b) and environmental factors
(Kumsta et al. 2013). To further investigate who benefits most from OXT application,
further research is needed to clarify the personal variability of OXT effects. The present
dissertation aims to address this question by study 1 and study 2. A more detailed

summary about OXT induced effects is provided in the next chapter.

1.3.1 The neuropeptide Oxytocin

OXT is a neuropeptide with multifaceted functions both peripherally as a hormon and
centrally as a neurotransmitter (Meyer-Lindenberg et al. 2011). After the synthesis in
the magnocellular neurons in the paraventricular and supraoptic nuclei of the
hypothalamus, OXT is processed to the posterior pituitary and released into the blood
stream (see Fig. 2). Peripherally, the effects of OXT are wide in range. OXT plays an
important role in reproductive functions (Corona et al. 2012) and effects the regulation
of uterine contractions during labor as well as milk ejection during lactation (Keverne
and Kendrick 1992).

Centrally, OXT acts as a neuromodulator and affects various brain regions that are
involved in human social behavior and emotional processing (Meyer-Lindenberg et al.
2011). It exerts its central effect via direct axonal connections from the parvocellular
neurons of the hypothalamus to crucial brain areas including the amygdala,

hippocampus, striatum, suprachiasmatic nucleus (SCN) and brainstem.
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Fig. 2 Neurophysiology of OXT (Meyer-Lindenberg et al. 2011).

The modulation of social functions using OXT application has primarily been
demonstrated in animal studies. These studies have highlighted the role of OXT in social
affiliative behavior, social stress and anxiety and social recognition (Bielsky and Young
2004; Carter et al. 2008; Ross and Young 2009). Following the investigations in animal
models, the use of intranasal OXT in research in humans has led to the promising
hypothesis that OXT is capable of modulating a wide range of complex social cognitive
functions (for recent reviews, see Churchland and Winkielman 2012; Evans et al. 2014;
Guastella and MacLeod 2012). Specifically, previous studies have shown that OXT
promotes social approach and trust (Baumgartner et al. 2008; Feldman et al. 2007;
Kosfeld et al. 2005), reduces fear and anxiety (Heinrichs et al. 2003; Kirsch et al. 2005;
Petrovic et al. 2008), enhances social memory (Guastella et al. 2008b; Savaskan et al.

2008; Weigand et al. 2013) and increases emotional empathy (Hurlemann et al. 2010).

Most importantly for the present dissertation, it has been demonstrated that OXT
increases the ability to mentalize (Anagnostou et al. 2012; Domes et al. 2007b; Luminet
et al. 2011) as well as to correctly identify emotional facial expressions (for a review see
van [jzendoorn et al. 2012). However, studies that investigated the effect of OXT on
identifying distinct facial emotions have yielded mixed results. Although it has been

demonstrated that OXT promotes the identification of happy faces (DiSimplicio et al.
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2009; Marsh et al. 2010; Schulze et al. 2011), other studies also showed beneficial effects
on the recognition of fearful faces (Fischer-Shofty et al. 2010; Shahrestani et al. 2013).
Following these inconsistent findings, it has previously been indicated that, besides its
well-documented effects on enhancing the processing of emotional cues, OXT might play
a more general role in modulating social motivation (Bartz and Hollander 2006). Kemp
and Guastella (2011) suggest that OXT may serve to increase approach-related
behaviors (i.e. emotional engagement) while inhibiting withdrawal-related behaviors
(i.e. anxiety, fear). According to this hypothesis, OXT effects are not explained by
modulating the processing of distinct emotions, but are rather interpreted to act on
motivational behavior. However, there is only scarce evidence from studies that directly
tested the effect of OXT on avoidance- and approach related cues. The present
dissertation aims to fill this gap by specifically investigating approach- versus

avoidance-related emotional cues in study 1 (for more information see chapter 2).

Regarding the underlying neurobiological mechanisms of OXT induced effects, the
amygdala and the insula might serve as key regions (Domes et al. 2007a; Gamer et al.
2010; Striepens et al. 2012). There are several possible explanatory mechanisms for the
observed effects of OXT on social cognition. First, findings by Heinrichs et al. (2003) and
Kirsch et al. (2005) suggest that the effects of intranasal OXT application might be
mainly interpreted as reducing anxiety. OXT dependent anxiolytic effects have been
demonstrated in mice (Mantella et al. 2003; Ring et al. 2006) as well as in humans
(Heinrichs et al 2003). However, studies in humans that measured mood and anxiety
changes after OXT application have reported no changes (for a review see MacDonald et
al 2011). Second, another hypothesis proposes that OXT drives the desire for social
approach, social affiliation and attachment (for a review see Heinrichs et al. 2009; Kemp
and Guastella 2011). Third, other studies suggest that OXT increases the perceptual
salience processing of social cues and modulates selective attention For example,
previous studies showed that OXT promotes the detection of very briefly presented
emotional faces (Schulze et al. 2011) and increases gaze to the eye region (Andari et al.
2010; Guastella et al. 2008a), thus accentuating cues that are highly relevant for

interpersonal communication.
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1.3.1.1 Variability of oxytocinergic effects

While the beneficial effects of OXT application on social cognition have been shown by a
number of studies (for a review see Meyer-Lindenberg et al. 2011), there is
accumulating evidence that the degree to which individuals are susceptible to OXT
application is not uniform but varies substantially. Previous studies have highlighted the
important role of personal variability in social endocrinology (for reviews, see Bartz et
al. 2011b; OIff et al. 2013). The influence of differential socio-emotional skills on OXT
effects has been previously demonstrated (Bartz et al. 2011b). It seems that the effect of
OXT application is more pronounced for participants with lower socio-emotional skills.
For example, Quirin et al. (2011) showed that OXT effects on stress-contingent cortisol
release depend on baseline emotion regulation abilities. Specifically, subjects with low
emotion regulation abilities benefit from OXT application. In line with this, Leknes and
colleagues showed that differences in baseline emotional sensitivity predict the effects
of OXT on the accuracy rate for hidden emotional expressions (Leknes et al. 2013). As
mentioned in chapter 1.1.2, although recent studies indicate that empathy is associated
with core domains of social cognition such as mentalizing (Besel and Yuille 2010; Martin
et al. 1996), no study has yet examined whether the effects of OXT on mentalizing
depend on the ability to empathize. This question is addressed in study 2.

In line with the above-mentioned differences in reactivity to OXT, recent studies suggest
that environmental factors such as early life stress (ELS) experience also impact the
effects of OXT. Specifically, it has been suggested that effects of OXT administration
strongly depend on the personal family history of the participants, with lower effects in
individuals with a non- supportive family background (for a review, see Bakermans-
Kranenburg and Van Ijzendoorn 2013). This notion gains considerable support from
studies investigating the impact of ELS experience on the oxytocinergic system (Fries et
al. 2005; Heim et al. 2009). Although emotional facial recognition is crucial for social
cognition, no study has yet investigated whether the effects of OXT on the ability to

identify emotional faces are altered by ELS experience. Study 1 addresses this question.

Taken together, these studies highlight the importance of considering both socio-
emotional skills and environmental factors when evaluating the potential of OXT in

targeting social cognition.
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1.3.2 The noninvasive brain stimulation technique tDCS

tDCS is a non-invasive brain stimulation technique that uses low amplitude direct
currents to modulate the level of cortical excitability. During tDCS application, a
continuous weak electrical current is applied through two sponge electrodes soaked
with saline solution, which are positioned over the participant’s scalp surface. It induces
transient, stimulation polarity-dependent excitability shifts of the human cortex via
neuronal de- or hyperpolarization (Miranda et al. 2006). Specifically, anodal tDCS results
in increased cortical excitability, whereas cathodal tDCS decreases it (Nitsche and
Paulus 2000). The effect of tDCS depends on specific parameters such as the orientation
of the current flow relative to the stimulated neurons, the stimulation duration and the
current strength in relation to the electrode size (Nitsche et al. 2007). In most of the
studies using tDCS, the maximum stimulation length is set to 30 minutes at intensities of
1-2 mA (see Fig. 3 for a typical tDCS setup). The effects of tDCS application have been
demonstrated to last for up to one hour after several minutes of continuous stimulation
(Nitsche and Paulus 2000). Previous studies have shown that the neurophysiological
mechanisms of tDCS are associated with long-term potentiation and depression (Nitsche
and Paulus 2000).

Empirically it has been shown that anodal tDCS of the dIPFC is associated with working
memory enhancement (Fregni et al. 2005) and improvement in other cognitive domains
such as planning ability (Dockery et al. 2009) and classification learning (Kincses et al.
2004). Despite the promise of tDCS effects in enhancing cognitive functioning, less
attention has been paid so far to investigate emotional processing. Recent work by Pefia-
Gomez et al. (2011) has proposed that tDCS over the dIPFC reduces the perceived degree
of emotional valence for negative pictures. The authors explained this effect by a tDCS
induced enhancement of cognitive control over emotional experience. In line with these
results, Boggio et al. (2009) demonstrated that prefrontal tDCS resulted in decreased
discomfort ratings during the presentation of images depicting human pain. It is
important to note that these studies did not apply standardized cognitive reappraisal
instructions. Therefore, their findings cannot be directly associated with the
improvement of emotion regulation abilities induced by tDCS.

To summarize, tDCS is an emerging brain stimulation technique that can be used for
addressing the question of causality in studies on cognition and emotion. For example,

as mentioned earlier, there is substantial evidence from brain imaging studies for the
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role of dIPFC in cognitive reappraisal processes (for a review see Ochsner and Gross
2005). However, these are mostly correlational and only very few studies have
investigated causal mechanisms between dIPFC activation and cognitive reappraisal.
Consequently, it still remains unclear whether cortical excitability enhancing anodal

stimulation over the dIPFC would result in improved capacities for cognitive reappraisal.
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Fig. 3 Typical tDCS setup (Rosa and Lisanby 2012). The current flows from the anode
through the skull and brain to the cathode (Nitsche and Paulus 2000).

1.4 Aims of research

The primary aim of this thesis was to evaluate different pathways of enhancing core
social cognitive processes such as understanding others (emotional facial recognition
and mentalizing) and controlling oneself (emotion regulation). In study 1, we used a
pharmacological approach and aimed at characterizing beneficial effects of intranasal
OXT application on emotional facial recognition. In a double-blind, placebo-controlled
design we explored the effect of a single intranasal administration of OXT on the ability
to correctly identify basic emotional expressions. Given the role of OXT in modulating
social motivational processes (Kemp and Guastella 2010; 2011), we were particularly
interested in the effect of OXT on approach- and avoidance-related behavior. Hence, we
clustered the basic emotional expressions of the emotion recognition task into
approach-related emotions (happiness, surprise, anger) and avoidance-related emotions
(fear, sadness, disgust). The facial stimuli were taken from the “Karolinska Directed

Emotional Faces” set (KDEF set; Lundquist et al. 1998).

To further investigate the personal variability of OXT effects, we additionally tested in

study 1 whether ELS experience would modulate the effects of OXT. Given the evidence
12
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that the effects of OXT administration strongly depend on exposure to ELS, we aimed to
evaluate whether participants with less ELS experience would show an improved
recognition rate in the OXT condition as compared to participants with more ELS

experience.

In study 2, we intended to investigate OXT induced effects on more complex emotions in
a mentalizing task. In a double-blind, placebo-controlled design we explored the impact
of a single intranasal administration of OXT on the performance in the ,Reading the
Mind in the Eye Test“ (RMET, Baron-Cohen et al. 2001). Again, we aimed to further
explore the variability of OXT effects. Based on studies that show more pronounced OXT
effects in individuals with lower socio-cognitive skills (Bartz et al. 2011b), we included a
measure for empathy. The rationale for this approach is derived from previous studies
that have shown a strong relationship between mentalizing and empathy (Besel and

Yuille 2010; Martin et al. 1996).

In study 3, we focused on a more elaborate process of social cognition, namely emotion
regulation. Based on a large body of research suggesting that the dIPFC is engaged in
cognitive reappraisal (Ochsner and Gross 2005), we applied tDCS, which has been
shown to effectively modulate dIPFC activation (Keeser et al. 2011; Weber et al. 2014).
We used this brain stimulation approach to investigate tDCS as a means to enhance
cognitive reappraisal of negative pictures. In a double-blind, placebo-controlled design
participants received either anodal tDCS over the dIPFC or sham tDCS during the
performance of an emotion regulation task (Ochsner et al. 2004). Emotion regulation
success was measured by skin conductance response (SCR) and behavioral arousal
ratings. Given the importance of controlling for visual attentional deployment during a
cognitive reappraisal task (van Reekum et al. 2007), we additionally measured gaze

fixation.
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2 The Beneficial Effect of Oxytocin on Avoidance-Related Facial

Emotion Recognition Depends on Early Life Stress Experience

Feeser M, Fan Y, Weigand A, Hahn A, Gartner M, Aust S, Boker H, Bajbouj M, Grimm S
(2014) Psychopharmacology (Berl.) 231(24):4735-4744.

http://dx.doi.org/10.1007/s00213-014-3631-1

Abstract

Previous studies have shown that Oxytocin (OXT) enhances social cognitive processes. It
has also been demonstrated that OXT does not uniformly facilitate social cognition. The
effects of OXT administration strongly depend on the exposure to stressful experiences
in early life. Emotional facial recognition is crucial for social cognition. However, no
study has yet examined how the effects of OXT on the ability to identify emotional faces
are altered by early life stress (ELS) experience. Given the role of OXT in modulating
social motivational processes, we specifically aimed to investigate its effects on the
recognition of approach- and avoidance-related facial emotions.

In a double-blind, between-subjects, placebo-controlled design, 82 male participants
performed an emotion recognition task with faces taken from the “Karolinska Directed
Emotional Faces” set. We clustered the six basic emotions along the dimensions
approach (happy, surprise, anger) and avoidance (fear, sadness, disgust). ELS was
assessed with the Childhood Trauma Questionnaire (CTQ).

Our results showed that OXT improved the ability to recognize avoidance-related
emotional faces as compared to approach-related emotional faces. Whereas the
performance for avoidance-related emotions in participants with higher ELS scores was
comparable in both OXT and placebo condition, OXT enhanced emotion recognition in
participants with lower ELS scores. Independent of OXT administration, we observed
increased emotion recognition for avoidance-related faces in participants with high ELS
scores.

Our findings suggest that the investigation of OXT on social recognition requires a broad
approach that takes early life stress experiences as well as motivational processes into

account.
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2.1 Introduction

The neuropeptide oxytocin (OXT) plays a critical role in modulating attachment as well
as social recognition in mammals (Bielsky and Young 2004; Donaldson and Young 2008;
Ross and Young 2009). There is accumulating evidence that OXT also impacts human
social behavior (Campbell 2010; Heinrichs et al. 2009). OXT is synthesized in the
hypothalamus, which projects to limbic structures such as the amygdala, hippocampus,
and midbrain, all structures that are involved in human social behavior and emotional
processing (Meyer-Lindenberg et al. 2011). The use of intranasal OXT in experiments in
humans has led to the promising hypothesis that OXT is capable of modulating a wide
range of complex social cognitive functions. Specifically, previous studies have shown
that OXT promotes social approach and trust (Baumgartner et al. 2008; Feldman et al.
2007; Kosfeld et al. 2005), reduces fear and anxiety (Heinrichs et al. 2003; Kirsch et al.
2005; Petrovic et al. 2008), enhances social memory (Guastella et al. 2008b; Savaskan et

al. 2008; Weigand et al. 2013) and increases empathy (Hurlemann et al. 2010).

It has been suggested that the effects on prosocial behavior are associated with the role
of OXT in decoding social signals such as facial expressions. Recent studies have
demonstrated that OXT increases the ability to correctly identify emotional facial
expressions (for a review see van Iljzendoorn et al. 2012). However, studies investigating
the effect of OXT on distinct emotions have yielded mixed results. Although many
studies demonstrate that OXT promotes the identification of happy faces (DiSimplicio et
al. 2009; Marsh et al. 2010; Schulze et al. 2011), other studies also show beneficial
effects on the recognition of fearful faces (Fischer-Shofty et al. 2010). Some studies
indicated that OXT promotes the identification of emotions regardless of valence
(Lischke et al. 2012; Prehn et al. 2013). Striepens et al. (2012) and Weigand et al. (2013)
reported that OXT influenced the processing of negative emotional pictures. A recent
meta-analysis by Shahrestani et al. (2013) has provided an overview about the impact of
OXT application on the recognition of basic emotions. The authors conclude that the
effects of OXT were more pronounced for happy and fearful facial expressions.

Besides its well-documented effects on enhancing the processing of emotional cues,
other studies have suggested a more general role for OXT in modulating social
motivation (Bartz and Hollander 2006). In this regard, Kemp and Guastella (2011)

introduced the social-approach/withdrawal hypothesis. The authors suggested that OXT
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may serve to increase approach-related behaviors (i.e. emotional engagement) while
inhibiting withdrawal-related behaviors (i.e. anxiety, fear). According to this hypothesis,
OXT effects are not explained by modulating the processing of distinct emotions, but are
rather interpreted by acting on motivational behavior. This is in line with previous
studies by Baumgartner et al. (2008) and Kosfeld et al. (2005) who proposed that OXT
enhances trust by both decreasing the impact of betrayal adversity (withdrawal-related
behavior) and increasing cooperation (approach-related behavior).

Growing evidence also highlights the important role of personal variability in social
endocrinology (for reviews, see Bartz et al. 2011b; Olff et al. 2013). Specifically, previous
studies demonstrated differential OXT-dependent effects as a function of personal or
situational variables. For example, studies on social behavior indicated that the effects of
OXT are to some extent context-dependent (De Dreu et al. 2010; Mikolajczak et al.
2010). Other studies showed that OXT effects were especially pronounced for subjects
with low emotion regulation abilities (Quirin et al. 2011) as well as for subjects with
high alexitymia scores (Luminet et al. 2011). The authors argue that a single dose of OXT
does not have the same increment on socio-emotional abilities in everybody but rather
depends on baseline socio-emotional abilities of the participants. Another recent study
by Scheele et al. (2012) showed that the behavioral effects of OXT on social distance
between males and females are moderated by personal characteristics such as
relationship status. Following OXT application, only men in a monogamous relationship,
but not single ones, avoided close personal proximity between themselves and another
unfamiliar woman. The authors conclude that OXT may support to promote fidelity in
human relationships.

In line with the above-mentioned findings on person-dependent oxytonergic effects, it
has been suggested that the effects of OXT administration also depend on the personal
family history of the participants, with stronger effects in individuals with a supportive
family background (for a review, see Bakermans-Kranenburg and Van [jzendoorn 2013).
A recent study reported that the positive effects of OXT on prosocial behaviour in a
social ostracism task toward a victim of social exclusion were limited to individuals with
supportive family background (Riem et al. 2013). Furthermore, OXT increased the
participants’ willingness to donate money to a charity only in participants who
experienced low levels of parental love withdrawal (Van Ijzendoorn et al. 2011). A

moderating effect of adverse childhood experiences on the outcomes of OXT
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administration was also reported by Meinlschmidt and Heim (2007). In a pilot study the
authors showed that men with early parental separation exhibited attenuated decreases
in cortisol after OXT application compared to the placebo group. To summarize, there is
accumulating evidence that OXT effects on human social cognition and behavior are
differential in individuals with experiences of maltreatment. This notion gains
considerable support from studies investigating the impact of early life stress (ELS) on
the oxytonergic system (Fries et al. 2005; Heim et al. 2009). These data indicate that
early adverse social experiences might influence the development of the neuropeptide
system and alter OXT receptor binding (Carter et al. 2008), thus resulting in differential
responses to OXT. Even though emotional face recognition is a prerequisite of social
cognition and behavior, no study has yet investigated whether ELS moderates OXT

effects on the ability to identify emotional faces.

Regarding the association between emotion recognition abilities and ELS, there is
empirical evidence for altered limbic brain activation in participants with a history of
ELS. It has been reported that ELS is linked with enhanced amygdala responsiveness to
sad faces in depressed patients (Grant et al. 2011) and to fearful faces in healthy
subjects (Dannlowksi et al. 2012). With regard to facial emotion recognition, Pollak and
Kistler (2009) found that physically abused children were able to accurately identify
angry faces based on less perceptual information (such as activation of facial
musculature) than controls. Other studies also reported that participants with a history
of maltreatment showed superior recognition of faces displaying fear and sadness (Leist
and Dadds 2009) and shorter reaction times when labeling fearful facial expressions

(Masten et al. 2008).

In the present study, we aimed to investigate whether the effect of OXT administration
on emotion recognition is modulated by ELS experience. Additionally, given the
inconclusive results of previous research on oxytonergic effect on distinct emotions, we
aimed to approach this research question from another angle. We therefore clustered
the basic emotions used in our face recognition task along the dimensions approach and
avoidance. These two dimensions represent core motivational systems that have been
conceptualized as underlying emotion and behavior. The approach system drives the
individual toward stimuli in the environment, whereas the avoidance system withholds

the individual from these stimuli (Elliot and Covington 2001; Rutherford and Lindell
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2011). The division of approach- (happiness, surprise, anger) and avoidance-related
emotions (fear, sadness, disgust) is in line with previous studies that investigated the
motivational value of basic emotions (Adam and Kleck 2005; Harmon-Jones et al. 2010).

We predicted that the OXT effects would be more pronounced for avoidance-related
emotions. This prediction is based on the following empirical findings: First, with regard
to the role of OXT in promoting social approach (Bartz and Hollander 2006; Kemp and
Guastella 2011), we expected that the effect might be more beneficial for emotional
faces that require approach for successful identification, namely avoidance-related
emotions. Second, given the results about enhanced recognition accuracy for fearful and
sad faces in participants reporting maltreatment, we predicted to find similar results in
our sample in participants reporting ELS.

Our study had two main objectives. First, we hypothesized that the effects of OXT would
be more pronounced for avoidance-related emotions. Second, we aimed to further
investigate whether the effects of OXT depend on a history of ELS. As mentioned above,
previous studies suggested that OXT effects on social cognition are more pronounced in
individuals without ELS experience. We therefore hypothesized that participants with
lower ELS scores would show an improved recognition rate under OXT as compared to

participants with higher ELS scores.

2.2 Methods

2.2.1 Subjects

82 male subjects, aged between 21 and 42 years (mean age= 27.9, SD= 4.7) participated
in the study. Our study sample consisted of healthy participants that were recruited
from the local university and community. All subjects were screened for psychiatric
disorders using the short version of the Structured Clinical Interview for Diagnostic and
Statistical Manual of Mental Disorders (DSM-IV, SCID; Wittchen et al. 1997). Subjects
with any history of psychiatric or neurological condition were excluded from the study.

We identified the participants’ level of early life stress experiences via the Childhood
Trauma Questionnaire (CTQ), which assesses experiences of childhood trauma
continuously (rather than categorically). All participants were instructed to abstain from
alcohol, caffeine and nicotine for 12 hours before testing as well as drinks and food

(except water) for 2 hours before testing. Written consent was obtained and subjects
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were paid for participation. The study was approved by the Institutional Review Board
of the German Psychological Society and conducted in accordance with the ethical

guidelines of the Declaration of Helsinki.

2.2.2 Experimental design

The study was designed as a double-blind, between-subjects, placebo-controlled trial.
Participants were randomly assigned to a group that received either OXT (Syntocinon
Spray; Novartis, Basel, Switzerland) or a placebo intranasally. Consistent with previous
studies (e.g. Gamer and Biichel 2012; Hurlemann et al. 2010) participants self-
administered three puffs per nostril with a dose of 24 international units (IU). All
participants received either OXT (n= 41) or a placebo (n= 41) 45 minutes before the
emotional facial recognition task. This dosage and waiting time correspond to previous
studies investigating the effect of OXT on human behavioral effects (Domes et al. 2007b;
Kirsch et al. 2005). To test the ability to recognize emotional faces, we applied a task
containing emotional and neutral faces. We used a 2 (approach- vs. avoidance-related
facial emotions) x 2 (OXT vs. placebo) experimental design and additionally tested

whether early life stress assessed continuously would modulate the effects of OXT.

2.2.3 Emotion Recognition task

The facial stimuli were taken from the “Karolinska Directed Emotional Faces” set (KDEF
set; Lundquist et al. 1998). This validated facial stimulus set (Goeleven et al. 2008) has
previously been used in a number of social cognitive studies (Guastella et al. 2008b;
Vuilleumier et al. 2003). Out of the KDEF set, a final sample of 56 face stimuli was
selected for the present study. This sample corresponded to 8 models (4 females and 4
males). The facial stimuli contained emotional and neutral faces depicting one of six
emotions, namely, fear, anger, disgust, sadness, happiness, surprise, and a neutral
expression. To avoid priming effects, direct repetitions of a face from the same actor and
repetitions of the same facial expression were excluded. As described earlier, the
emotional expressions were later clustered into approach-related emotions (happiness,
surprise, anger) and avoidance-related emotions (fear, sadness, disgust) for our
analyses. 56 trials were presented during the experiment. Faces were presented one at a
time with a grey background in the center of the computer screen and gazed directly at

the participants. Each trial started with a fixation cross (1000 ms) followed by the
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presentation of the face for 200 ms. After that, the seven facial expressions labels (6
emotion words plus neutral) were presented on the screen. Participants were instructed
to identify the expression of each face and respond as quickly and accurately as possible
by pressing one of seven labeled keys on a standard computer keyboard. Each labeled
key corresponded to one facial expression. The maximum response time was set to 10
seconds. Three practice trials (seven facial expressions each) were completed at the
beginning of the task to ensure appropriate understanding of the task. Each face was
only shown once during the task. The maximum duration of the emotion recognition
task was 10 minutes. The task was programmed and presented using the experimental

control software Presentation (Neurobehavioral Systems Inc., Albany, CA).

2.2.4 Control variables

To ensure group matching with regard to interindividual differences participants
completed the Mehrfach Wortschatz Intelligenztest, which measures verbal intelligence
(MWT, Lehrl et al. 1995) and the NEO Five-Factor Inventory (NEO-FFI, Costa 1992).
Additionally, a mood questionnaire was administered before OXT administration and
after the task (Multidimensional Mood State Questionnaire, MDBF, Steyer et al. 1997).
The MDBF provides a measure of the effect of OXT on mood, wakefulness, and calmness.
In order to investigate whether ELS would moderate the effects of OXT, the Childhood
Trauma Questionnaire (CTQ) was administered to assess early life stress (ELS). The
CTQ (Bernstein and Fink 1998) is a 28-item retrospective self-report questionnaire
designed to measure five types of adverse childhood experiences such as emotional
neglect, emotional abuse, physical neglect, physical abuse and sexual abuse. Scores
range from 5 to 25 for each subscale with high scores indicating a strong exposure to
early life stressors. There are no clearly defined cut-off scores to distinguish between
participants with and without trauma. According to Scher et al. (2001), one possible
distinction can be made between participants scoring high (above the 90t percentile = >
39 points on the CTQ) and low on CTQ (below the 50th percentile = < 29 points on the
CTQ).

However, in order to increase statistical precision, we evaluated CTQ scores
continuously in all analyses and avoided categorical groupings (Irwin and McClelland
2003). Hence, rather than creating groups, values were estimated within the GLM model

for participants with high ELS (1SD above the mean of the Childhood Trauma
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Questionnaire, CTQ) and low ELS (1SD below the mean of the Childhood Trauma
Questionnaire). It is nonetheless important to note that the CTQ scores of our
participants fell into Scher et al.’s (2001) categories of high and low CTQ scores (-1 SD =
28 points on the CTQ; +1 SD = 41 points on the CTQ).

2.2.5 Statistical analysis

For each trial the HIT rate (percent correct answers) was recorded. We then averaged
the accuracy rates for avoidance-related emotional faces (fear, sadness, disgust) and for
approach-related emotional faces (anger, surprise, happy). To test whether ELS
moderates the effect of OXT on recognition accuracy, we first centered and standardized
the total CTQ scores. We then performed a GLM analysis with group, the standardized
continous CTQ score, and their interaction as the predictors. Accuracy rates for
avoidance-related and approach-related faces were entered as two separate dependent
variables. To test for experimental group differences for each emotional category, we
additionally conducted t-test comparisons for each emotional facial expression.

Simple slopes for the relationship between ELS and accuracy scores per group (OXT vs.
placebo) were analyzed by dummy-coding the group variable appropriately and
repeating the analysis with these dummy-coded variables and their interactions with
ELS in the model (Judd et al. 2009). The results are illustrated by estimating mean
accuracy for participants with ELS scores 1 standard deviation (SD) above the mean as
opposed to participants with ELS scores 1 SD below the mean. Statistical analyses were
carried out using PASW (predictive Analytics SoftWare, Version 18.0, Chicago: SPSS Inc.,
[llinois, USA).

2.3 Results

2.3.1 Demographics and individual characteristics

The MWT showed that 1Q levels of all subjects were in or above the range of the norm
(M= 108.63, SD= 12.78). No significant differences between experimental groups with
respect to age, verbal intelligence (MWT) and NEO-FFI scores were observed. Most
importantly, there was no difference between the OXT and the placebo group regarding

Childhood Trauma scores (CTQ). We also found no differences on the subscales of the
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Multidimensional Mood State Questionnaire (MDBF) for the two experimental groups

before and after the task. All group characteristics are reported in Table 1.

Placebo Oxytocin ta p value
group group
M (SD) M (SD)

age 28.6(46)  272(47) 1306 0195
mwrt  Totalscore 1085 (12.1) 108.8(136) 0103 0918

Extraversion 27.37 (74) 291 (70) -1.096 0.276

Agreeableness 31.5 (5.5) 30.3 (5.5) 0.947 0.347

Conscientiousness 30.7 (8.5) 31.6 (7.2) -0.548 0.585

Emotional Neglect 91 (37) 9.8 (40) -0.798 0.427

Emotional Abuse 7.0 (3.0) 7.6 (3.1) -0.833 0.407

Physical Neglect 6.7 (2.5) 7.5 (3.3) -1.298 0.198

Physical Abuse 5.7 (1.4) 5.8 (2.3) -0.291 0.772

Sexual Abuse 5.4 (22) 51 (06) 0.817 0.416
MDBF Elevated vs. Depressed 155 (3.1) 16.4 (2.5) -1.114 0.272
pre mood A B

Wakefulness vs. Sleepiness 13.7 (4.3) 14.6 (3.4) -0.807 0.424

Calmness vs. Restlessness 15.3 (3.0) 16.6 (3.0) -1.513 0.138
MDBF Elevated vs. Depressed 14.8 (3.5) 15.1 (3.7) -0.351 0.727
post mood | ' | '

Wakefulness vs. Sleepiness 19 4 (2.9) 12.9 (3.9) -0.424 0.674

Calmness vs. Restlessness 15.1 (2.8) 15.0 (3.3) 0.052 0.959
Tab. 1

Demographics and individual characteristics. M mean, SD standard deviation, MWT
Mehrfach Wortschatz Intelligenztest (verbal intelligence test) , NEO-FFI Neo Five-Factor
Inventory, CTQ Childhood Trauma Questionnaire, MDBF Multidimensional Mood State

Questionnaire. 2 Independent samples t tests, two-tailed
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We also tested whether ELS was correlated with any of the variables presented in Table
1. We only found a theoretically consistent significant positive correlation between ELS
and Neuroticism (r(80) =.29, p <.001), indicating that participants who reported having
experienced more childhood trauma were more neurotic. However, despite this
relationship controlling for Neuroticism in our main analyses did not alter any of the
results. No other relationships between the variables assessed and ELS were significant

(all p values > 0.05).

2.3.2 Accuracy

A main effect of group (OXT vs placebo) was observed for accuracy in avoidance-related
emotional faces [F(1, 78)= 7.72, p=.007]. We found higher accuracy rates for subjects in
the OXT group (M= 0.64 , SD=.11) as compared to the placebo group (M=0.57, SD=.12)
(see Figure 4).

100

Placebo
90

80 B Oxytocin

*%

70

60

50

40

mean percentage of correct answers

avoidance-related approach-related
emotions emotions

Fig. 4

Mean percentage of correct answers for both groups (OXT vs. placebo) and motivational
value (avoidance-related emotions, approach-related emotions). * indicate significant
post-hoc comparisons (** p < 0.01). Bars represent mean percentage * standard error of
mean.

T-test comparisons (OXT vs placebo) for each emotional category revealed higher
accuracy rates for fearful faces in the OXT group (M= 0.46, SD=.23) as compared to the
placebo group (M= 0.35, SD=.22; t(80)= -2.07, p = .042). We also observed a trend for

higher accuracy rates for disgust faces in the OXT group (M= 0.67, SD=.20) as compared
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to the placebo group (M= 0.60, SD=.16; t(80)= -1.80, p = .077). Further t-tests revealed
no differences between the two experimental groups in accuracy rates for angry faces
(OXT: M= 0.78, SD=.18; placebo: M= 0.83, SD=.14; t(80)= 1.23, p > 0.05), for happy faces
(OXT: M= 0.96, SD= .07; placebo: M= 0.96, SD= .06; t(80)= 0.63, p > 0.05), for sad faces
(OXT: M= 0.80, SD= .16; placebo: M= 0.76, SD= .19; t(80)= -0.96, p > 0.05) or for
surprised faces (OXT: M= 0.91, SD=.12; placebo: M= 0.93, SD=.11; t(80)= 0.62, p > 0.05).

Importantly, confirming our hypotheses on the moderating effects of ELS on accuracy,
the analysis revealed an interaction of group and Early Life Stress assessed continuously
on accuracy for avoidance-related emotions [F(1, 78)= 4.86, p= 0.031]. Specifically, for
subjects with an ELS score 1 SD below the mean, follow-up analyses revealed higher
accuracy in the OXT group (M= 0.67, SD= 0.025) as compared to the placebo group (M=
0.53, SD=0.024, F(1, 78)= 12.58, p= 0.001). In contrast, no group differences were found
for subjects with an ELS score 1 SD above the mean (p >.05). In other words, whereas
participants with higher ELS scores identified facial emotions equally accurately in both
OXT and placebo groups, participants scoring low on ELS performed better under OXT
as compared to placebo.

Looking at the same interaction in a different way, simple slopes analyses revealed no
significant relationship between ELS and accuracy for the OXT group, b=-.016, t(78) =-
99, p=.32, but a significant positive relationship for the placebo group b=.039,
t(78)=2.05, p=.044. That is, as displayed in Figure 5, the group-by-ELS interaction was
driven by an increase in accuracy among placebo participants who reported higher ELS
levels, whereas ELS had no effect on participants in the OXT group. This also indicates
that whereas participants with higher ELS scores identified facial emotions equally
accurately in both OXT and placebo groups, participants scoring low on ELS performed
better under OXT as compared to placebo.

In the next step we analyzed the accuracy for approach-related emotional faces. There
was no main effect for accuracy in approach-related emotional faces [F(1, 78)= 1.68, p=
0.19]. Furthermore, no interaction of group and Early Life Stress on accuracy for

approach-related emotions was found [F(1, 78)= 0.80, p= 0.37].
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Fig. 5

Mean percentage of correct answers as a function of early life stress (ELS) scores
measured by the Childhood Trauma Questionnaire (CTQ, Bernstein & Fink, 1998) and
the experimental group (OXT vs. placebo).

low ELS= mean percentage of correct answers for participants scoring 1 standard
deviation below the mean on the Childhood Trauma Questionnaire; high ELS= mean
percentage of correct answers for participants scoring 1 standard deviation above the
mean on the Childhood Trauma Questionnaire.

2.4 Discussion

The aim of the present study was to investigate the effect of OXT on approach- and
avoidance-related emotion recognition in participants reporting high and low levels of
ELS. The study yielded three main results. First, as hypothesized, a single dose of
intranasally administered OXT improved the ability to recognize avoidance-related
emotional expressions. Second, this effect was more pronounced for participants with
low ELS scores. Third, in the placebo group recognition accuracy was higher in
participants who reported more severe ELS. It is important to note that the observed
results cannot be explained by general effects of OXT on mood, wakefulness and
calmness since there were no differences between the two experimental groups in the
MDBF before and after the task. More importantly, the OXT versus the placebo group did
not differ in their CTQ scores. This rules out the possibility that the effects are biased by

group differences in ELS experiences.
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There are several possible explanations for the observed effects of OXT on emotion
recognition for avoidance-related emotions. Our finding is compatible with previous
studies reporting that OXT drives the desire for social approach, social affiliation and
attachment (for a review see Heinrichs et al. 2009). As expected, the effect of OXT seems
to be more beneficial for emotional faces that require approach for successful
identification, namely avoidance-related emotions. Apparently, the effect of OXT on
emotion recognition depends on motivational processes to approach or avoid the
presented stimuli. To support this notion, a recent study by Striepens et al. (2012)
showed that OXT administration potentiated acoustic startle responses and subsequent
memory to negative stimuli. The authors discuss these findings by suggesting that OXT
promotes approach behavior towards other individuals displaying negative emotional
signals. In line with this, Weigand et al. (2013) showed that OXT enhances the

processing of negative social stimuli during memory encoding and retrieval.

One might also hypothesize that OXT enhances emotional facial recognition by
increasing the perceptual salience processing of social cues. Supporting this hypothesis,
a recent study showed that OXT promotes the detection of very briefly presented
emotional faces (Schulze et al. 2011). OXT also increases gaze to the eye region, thus
accentuating cues that are highly relevant for interpersonal communication (Andari et
al. 2010; Guastella et al. 2008a). Furthermore, better emotion recognition after OXT
administration is associated with increased pupil dilation, suggesting that OXT promotes
the allocation of attentional resources during processing of emotional salient facial
expressions (Prehn et al. 2013). The assumption that OXT enhances the salience of social
cues also gains considerable support from animal studies. Previous results indicate that
OXT modulates the salience of social cues by boosting the dopamine system (Melis et al.
2007; Shahrokh et al. 2010). In humans, Groppe et al. (2013) recently found that OXT
enhances activation in the ventral tegmental area (VTA), a brain region rich in OXT
receptors (Loup et al. 1991) in response to social cues. The VTA plays a crucial rule in
processing the salience of social cues as dopamine neurons project from the VTA to the
nucleus accumbens (Bromberg et al. 2010).

Regarding the result that especially participants with low ELS benefited most from OXT
administration, our data is in line with previous studies indicating that oxytonergic
effects on prosocial behaviour are lowered or absent in individuals with adverse

experiences during childhood. This points to environmentally induced changes of the
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oxytonergic system (Bartz et al. 2011b). As described earlier, the effects of OXT seem to
be strongly dependent on individual experiences and personality traits. A potential
neurobiological mechanism for this interpretation is described in a recent review by
Bakermans-Kranenburg and van Ijzendoorn (2013). It seems possible that early adverse
childhood experiences alter the methylation level of the OXT receptor, thus affecting the
system’s functioning. Methylation of the receptor gene decreases OXT levels and may
block the common mechanisms after intranasally administered OXT. This may in turn
lead to decreased sensitivity for OXT administration.

To keep with this idea, Fries et al. (2005) reported decreased urinary concentrations of
OXT in maltreated children. Decreased cerebrospinal fluid (CSF) OXT concentrations
have also been measured in adult women with ELS experience (Heim et al. 2009). These
findings are consistent with animal studies investigating the effect of maladaptive early
nurturing experiences on the alterations in OXT receptor levels in rats (Francis et al.
2000) and decreased CSF OXT concentrations in nursery-reared monkeys as compared
with mother-reared controls (Winslow et al. 2003).

As we did not investigate the neurobiological mechanisms underlying the effect of OXT
on emotion recognition, we can only suggest theoretical models. However, a number of
studies have already identified brain regions associated with OXT effects on human
social cognition (Domes et al. 2007a; Kirsch et al. 2005). They support the view that OXT
effects are modulated by limbic brain regions with the amygdala as a core structure
(Meyer-Lindenberg et al. 2011). The amygdala links the perception of stimuli to an
emotional response and modulates cognitive processes on the basis of the value of the
perceived stimulus (Adolphs 2009; Anderson and Phelphs 2001).

A number of studies have consistently reported that early life stress (ELS) is associated
with hyperactivation in limbic brain regions during emotion processing. Specifically, it
has been shown that ELS is linked with enhanced amygdala responsiveness to sad faces
in depressed patients (Grant et al. 2011), to fearful faces in healthy subjects (Dannlowksi
et al. 2012) and to threatening faces in emotionally neglected youths (Maheu et al. 2010;
Tottenham et al. 2011). These lines of evidence suggest a crucial effect of ELS on
amygdala excitability to negative facial expressions that seems to persist through the
lifespan.

Given the above-mentioned role of OXT in enhancing subjects’ attention to social cues,

one might speculate that OXT administration might be derogatory to individuals who
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are already hypersensitive to social cues such as subjects reporting ELS. It has been
found that OXT prohibited trust and prosocial behavior depending on chronic
interpersonal insecurities (Bartz et al. 2011a). To summarize, whether OXT promotes or
hinders prosocial behaviour and social cognition seems to depend on the individuals
and their social experiences. In other words, OXT may facilitate prosocial behavior and
social cognition but an adverse personal history may reduce these potentially beneficial
effects.

In the placebo but not in the OXT group, we also observed increased performance in
participants reporting high levels of ELS. This finding supports previous work indicating
that participants with a history of maltreatment show an increased sensitivity for
negative faces (Dannlowski et al. 2012; Grant et al. 2011). Furthermore, a superior
recognition of faces displaying fear and sadness (Leist and Dadds 2009) and shorter
reaction times when labeling fearful facial expressions (Masten et al. 2008) was
demonstrated. Prior learning plays an important role in how facial expression displays
are classified into distinct emotion categories (Pollak and Kistler 2002). The strength of
accurately recognizing facial expressions largely depends on the frequency and intensity
of exposure to different expressions (Pollak et al. 2009). Thus, enhanced recognition of
avoidance-related emotions may stem from a more extensive personal experience of
these emotions in participants reporting ELS. For example, increased ability to recognize
avoidance-related emotions such as fear and sadness on a parent or sibling’s face might

support the ability to identify threatening situations in the environment.

There are some limitations that need to be acknowledged. First, our facial stimuli were
not animated. To increase ecological validity, future studies should develop
experimental tasks including more interpersonal situation and real-life contexts.
Another limitation lies in the fact that we only included male participants. Previous
studies have reported gender differences in OXT dependent effects (Domes et al. 2010;
Lischke et al. 2012b) indicating that our results might not be generalizable to women.
Future studies should address this issue by investigating both male and female
participants. Regarding the assessment of ELS in this sample, it is important to
acknowledge the subjectivity of self-reported ELS. Our design would have benefited
from more detailed measurement of ELS, for example using early childhood stress

interviews.
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The ability to accurately recognize facial expressions of emotions plays a crucial role for
interpersonal communication and has significant implications for adaptive social
functioning. We demonstrate that OXT enhances the recognition of avoidance-related
emotional facial expressions. However, our data also suggests that OXT does not
uniformly facilitate emotion recognition in humans. These results highlight the
importance of considering both differences in participants” early life experiences and
motivational processes when evaluating the potential of OXT in targeting social

cognition.
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3 Oxytocin Improves Mentalizing - Pronounced Effects for Individuals

with Attenuated Ability to Empathize

Feeser M, Fan Y, Weigand A, Hahn A, Gartner M, Boker H, Grimm S, Bajbouj M (2015)

Psychoneuroendocrinology (in minor revision).

Abstract

The ability to predict the behavior of others based on their mental states is crucial for
social functioning. Previous studies have provided evidence for the role of Oxytocin
(OXT) in enhancing the ability to mentalize. It has also been demonstrated that the effect
of OXT seems to strongly depend on socio-cognitive skills with more pronounced effects
in individuals with lower socio-cognitive skills. Although recent studies indicate that
mentalizing is related to empathy, no study has yet examined whether the effects of OXT
on mentalizing depend on the ability to empathize.

71 male participants participated in a double-blind, between-subjects, placebo-
controlled experiment. The Reading the Mind in the Eye Test (RMET) was used to
investigate mentalizing abilities. We analyzed the effect of OXT on easy and difficult
items of the RMET depending on differential empathy scores of the participants as
assessed with the Empathy Quotient (EQ).

Our results showed that OXT improves mentalizing for difficult but not for easy items.
Whereas the performance in participants with higher empathy scores was comparable
in both OXT and placebo condition, OXT specifically enhanced mentalizing accuracy for
difficult items in participants with lower empathy scores. Independent of OXT
administration, we observed increased mentalizing accuracy for difficult items in
participants with higher empathy scores .

Our findings suggest that OXT enhances mentalizing abilities. However, we also
demonstrate that not all participants benefited from OXT application. It seems that the

effects of OXT strongly depend on baseline social-cognitive skills such as empathy.
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3.1 Introduction

The ability to identify internal states of another person plays an important role in
human social cognition (Humphrey 1976). During social interactions, humans need to
perceive, represent and reason about their own and others’ intentions. This ability is
called ‘mentalizing’ (Frith and Frith 2006). Mentalizing implies the ability to infer
mental and emotional states from multiple sources, e.g. understanding the other
person’s perspectives and beliefs, as well as interpreting non-verbal cues such as facial
expressions and gaze direction (Baron-Cohen 1995). The foundation for mentalizing is
partly rooted in infant-caregiving attachment relationships and matures over the
lifespan with increased interpersonal interactions (Fonagy et al. 2007).

Several studies have shown the strong relationship between mentalizing and
empathy (Besel and Yuille 2010; Martin et al. 1996). Findings from neuroimaging
studies suggest that greater neural activity in brain circuits underlying mentalizing is
related to more self-reported empathy (Hooker et al. 2008; Hooker et al. 2013). Even
though mentalizing and empathy are often used as synonyms, they represent different
skills that rely on distinct neuronal circuitries (Singer 2006). Empathy describes the
capacity to sense the feelings of others and relies on somatosensory and insular cortices
as well as limbic areas and anterior cingulate cortex (Singer 2006). In contrast,
mentalizing refers to the ability to understand other people’s behavior, such as their
intentions, goals, and beliefs. It relies on structures of the prefrontal cortex, superior
temporal sulcus (STS), the temporo-parietal junction (TPJ) and the anterior temporal
poles (TP) (Saxe et al. 2004; Frith and Frith 2006b). Furthermore, mentalizing and
empathy display distinct ontogenetic trajectories (Baron-Cohen et al. 2000). In
particular, it has been suggested that empathy develops much earlier than mentalizing,
because it depends on limbic structures that mature early in ontogony (Singer 2006).
Previous work has furthered insight into the processes underlying mentalizing (Frith
and Frith 2006). Especially non-verbal information from the eyes conveys a rich source
of social information that is important in mentalizing processes (Blair 2003). Baron-
Cohen et al. (2000) show that humans are able to quickly and accurately decode another
person’s complex mental state based on facial cues.

Individual differences in the ability to mentalize can be investigated with the Reading
the Mind in the Eye Test (RMET, Baron-Cohen et al. 2001). The RMET requires

participants to infer internal states of another individual from subtle differences in the
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eye region. The test’s validity has been proven in healthy subjects (Hysek et al. 2012;
Luminet et al. 2011; Moor et al. 2012) and clinical studies with autistic patients (Baron-
Cohen et al. 2001; Craig et al. 2004; Guastella et al. 2010).

A means to enhance social cognition including mentalizing, is the neuropeptide Oxytocin
(OXT, Campbell, 2010; Heinrichs et al. 2009). Previous work suggests that OXT plays an
important role in the modulation of human behavior (Meyer-Lindenberg et al. 2011).
OXT receptors are found in brain structures that are involved in human social behavior
and emotional processing, including the amygdala, striatum, hippocampus, nucleus
accumbens and midbrain (Meyer-Lindenberg et al. 2011). The use of intranasal OXT in
experiments in humans has led to the promising hypothesis that OXT is capable of
modulating a wide range of complex social-cognitive functions. Specifically, previous
studies have shown that OXT facilitates social memory (Guastella et al. 2008b; Savaskan
et al. 2008; Weigand et al. 2013), reduces fear and anxiety (Heinrichs et al. 2003; Kirsch
et al. 2005), and promotes social approach and trust (Baumgartner et al. 2008;
Feldmann et al. 2007; Kosfeld et al. 2005). OXT administration has also been shown to
enhance empathy (Hurlemann et al. 2010).

Regarding the role of facial expressions detection in mentalizing, a number of studies
have also provided evidence for the role of OXT in enhancing facial emotion recognition
(for a review see van Ijzendoorn and Bakermans-Kranenburg 2012). They demonstrate
that OXT promotes the identification of happy faces (DiSimplicio et al. 2009; Guastella et
al. 2008b; Marsh et al. 2010, Schulze et al. 2011), whereas other studies also show
beneficial effects on the recognition of fearful faces (Fischer-Shofty et al. 2010). Some
studies indicate that OXT promotes the identification of emotions regardless of valence
(Lischke et al. 2012a; Prehn et al. 2013).

Most important for the present study, it has repeatedly been shown that OXT specifically
increases mentalizing in healthy participants (Domes et al. 2007b, Luminet et al. 2011)
and participants with autism spectrum disorder (Anagnostou et al. 2012). Domes et al.
(2007b) investigated the effect of OXT on the ability to mentalize using the RMET. The
authors demonstrated that OXT compared with placebo increases the percentage of
correct answers. Notably, this effect was only observed for difficult items in contrast to
easy items. That is, the RMET was formerly designed to investigate severe impairments
in mentalizing abilities in adults with autism spectrum disorders. In order to prevent

possible ceiling effects in studies with healthy adults, the authors hence split the 36

32



3 Oxytocin Study

items into two subsets of easy and difficult items. Luminet et al. (2010) also showed
beneficial effects of OXT on the accuracy of the RMET. Interestingly, the authors
reported that the effects were especially pronounced for subjects with high alexithymia
scores.

This finding is in line with previous studies that highlight the important role of personal
variability in social endocrinology (for reviews, see Bartz et al. 2011b; Olff et al. 2013).
For example, Quirin et al. (2011) demonstrated that the effect of OXT on stress-
contingent cortisol release depends on baseline emotion regulation abilities. Specifically,
subjects with low emotion regulation abilities benefit from OXT application. In line with
this, Bartz et al. (2010) reported that OXT effects on empathic accuracy are proportional
to the level of autistic traits of the participants. The authors conclude that OXT only
improves empathic accuracy for participants who are less socially proficient at baseline.
To support this notion, a recent study by Leknes and colleagues (2013) showed that
differences in baseline emotional sensitivity predict the effects of OXT on the accuracy
rate for hidden emotional expressions (Leknes et al. 2013). Participants with low
performance-based emotional sensitivity showed greater task improvement following
OXT application. Grimm et al. (2014) demonstrated that the effects of OXT during

psychosocial stress strongly depend on early life experiences of the participants.

To summarize, there is accumulating evidence that the degree to which individuals are
susceptible to OXT application is not uniform but varies substantially. Considering the
above-mentioned social-cognitive competencies that are moderating the effect of OXT, it
is remarkable that no study has yet directly tested whether the ability to empathize
influences the effect of OXT application. For example, several studies have shown the
strong relationship between empathy and facial recognition underlying mentalizing.
Specifically, participants with higher empathy scores were able to identify facial
expressions more accurately (Besel and Yuille, 2010; Martin et al. 1996). Given the
relationship between empathy and mentalizing as well as the personal variability in
OXT-induced effects, the present study aimed at investigating whether the effect of OXT
depends on individual empathy scores of the participants. Previous studies
demonstrated the effect of OXT in particular for participants with low socio-emotional
skills (Bartz et al. 2010; Leknes et al. 2013; Luminet et al. 2010; Quirin et al. 2011). We
therefore expected similar findings in our sample in participants with lower empathy

scores.
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Our study had two main objectives. First, we aimed to replicate previous findings on the
role of OXT in enhancing mentalizing. Given the results by Domes et al. (2007b), we
predicted that OXT-induced effects would be more pronounced for difficult items as
compared to easy items. Second, we aimed to further investigate whether the effect of
OXT on mentalizing is moderated by individual differences in the ability to empathize as
measured with the Empathy Quotient (EQ; Baron-Cohen and Wheelwright, 2004). We
hypothesized that participants with lower empathy scores would benefit more from

OXT application as opposed to participants with higher empathy scores.

3.2 Methods

3.2.1 Subjects

71 male subjects, aged between 21 and 42 years (mean age= 28.1, SD= 4.8) participated
in the study. Our study sample consisted of healthy participants that were recruited
from the local university and community. All subjects were screened for psychiatric
disorders using the short version of the Structured Clinical Interview for Diagnostic and
Statistical Manual of Mental Disorders (DSM-IV, SCID, Wittchen et al. 1997). Subjects
with any history of psychiatric or neurological condition were excluded from the study.

We identified the participants’ ability to empathize via the Empathy Quotient (EQ,
Baron-Cohen and Wheelwright 2004), which assesses empathy continuously (rather
than categorically). All participants were instructed to abstain from alcohol, caffeine and
nicotine for 12 hours before testing, as well as from drinks and food (except water) for 2
hours before testing. Written consent was obtained and subjects were paid for
participation. The study was approved by the Institutional Review Board of the German
Psychological Society and conducted in accordance with the ethical guidelines of the

Declaration of Helsinki.

3.2.2 Experimental design

The study was designed as a double-blind, between-subjects, placebo-controlled trial.
Participants were randomly assigned to a group that received either OXT (Syntocinon
Spray; Novartis, Basel, Switzerland) or a placebo intranasally. Consistent with previous
studies (e.g., Gamer and Biichel 2012; Hurlemann et al. 2010) participants self-

administered three puffs per nostril with a dose of 24 international units (IU). All
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participants received either OXT (n= 36) or a placebo (n= 35) 45 minutes before the
task. This dosage and waiting time correspond to previous studies investigating the
effect of OXT on human behavioral effects (Domes et al. 2007b; Kirsch et al. 2005). To
test the ability to infer mental states in others, we applied the RMET (Baron-Cohen et al.
2001). We used a 2 (easy vs. difficult items) x 2 (OXT vs. placebo) experimental design
with repeated measures on the first factor, and additionally tested whether empathy

assessed continuously would moderate the effects of OXT.

3.2.3 Reading the Mind in the Eye task (RMET)

The RMET consisted of 36 photographs of the eye region expressing a complex mental
state. Photographs were presented one at a time with a grey background in the center
of the computer screen. Each trial started with a fixation cross (1000 ms), followed
by the presentation of the face. Each face remained on the screen until the participant
made a response. The maximum response time was set to 20 seconds. Four mental
states labels (one target label and three distractor labels) were simultaneously
presented on the screen. Participants were instructed to identify the mental state and
respond as quickly and accurately as possible by pressing one of four keys on a
standard computer keyboard. Each labeled key corresponded to one mental state. Four
practice trials were completed at the beginning of the task to ensure appropriate
understanding of the task. Each photograph was only shown once during the task. The
maximum duration of the task was 13 minutes. An example trial of the RMET is
displayed in Figure 6. The task was programmed and presented using the experimental

control software Presentation (Neurobehavioral Systems Inc., Albany, CA).

o8

playful bored

consoling irritated
Fig. 6

Example trial of the Reading the mind in the Eye Test (RMET, Baron-Cohen et al. 2001)
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3.2.4 Control variables

To ensure group matching with regard to inter-individual differences, participants
completed the Mehrfach Wortschatz Intelligenztest, which measures verbal intelligence
(MWT, Lehrl et al. 1995) and the NEO Five-Factor Inventory (NEO-FFI, Costa 1992).
Additionally, a mood questionnaire was administered before OXT administration and
after the task (Multidimensional Mood State Questionnaire, MDBF, Steyer et al. 1997).
The MDBF provides a measure of the effect of OXT on mood, wakefulness and calmness.
In order to investigate whether empathy would moderate the effects of OXT, we used
the Empathy Quotient (EQ, Baron-Cohen and Wheelwright 2004) to assess the ability to
empathize. The EQ is a 60-item self-report questionnaire which consists of 40 empathy
items and 20 control items. The total score can be split into the subscales Cognitive
Empathy, Social Skills and Emotional Reactivity.

To increase statistical precision, we evaluated total EQ scores continuously in all
analyses and avoided categorical groupings (Irwin and McClelland 2003). Hence, rather
than creating groups, values were estimated within the GLM model for participants with
high total EQ (1SD above the mean of the Empathy Quotient) and low total EQ (1SD
below the mean of the Empathy Quotient).

3.2.5 Statistical analysis

For each trial the HIT rate (percent correct answers) was recorded. To test whether
empathy moderates the effect of OXT on mentalizing accuracy, we first centered and
standardized the EQ scores. In order to investigate OXT effects as a function of task
difficulty, we split the 36 items of the RMET into two subsets of easy and difficult items
(Domes et al. 2007b). We then performed a GLM analysis using group (OXT vs. placebo),
the standardized EQ scores and their interaction as the predictors. In order to
investigate the relationship between empathy and accuracy scores separately per group
(OXT vs. placebo), simple slopes were analyzed by dummy-coding the group variable
appropriately and repeating the analysis with these dummy-coded variables, EQ, and
their interactions, in the model (Judd et al. 2009). The results are illustrated by
estimating mean accuracy for participants with EQ scores 1 standard deviation (SD)
above the mean and participants with EQ scores 1 SD below the mean. Statistical
analyses were carried out using PASW (predictive Analytics SoftWare, Version 18.0,

Chicago: SPSS Inc., lllinois, USA).
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3.3 Results

3.3.1 Demographics and individual characteristics

After screening for outliers, data from four subjects were excluded from the analyses,
because their overall task accuracy was more than 2.5 SD below the mean. The final
sample size was 67 (n= 33 OXT and n= 34 placebo). The MWT scores showed that 1Q
levels of all subjects were in or above the range of the norm (M= 108.49, SD=11.96). No
significant differences between experimental groups with respect to age, verbal
intelligence (MWT) and NEO-FFI scores were observed. Most importantly, there was no
difference between the OXT and the placebo group regarding the EQ scores. We also
found no differences on the subscales of the Multidimensional Mood State Questionnaire
(MDBF) for the two experimental groups before and after the task. All group

characteristics are reported in Table 2.

Placebo Oxytocin ta p value
group group
M (SD) M (SD)
age 289(48)  27.2(49)  LS42  0.128
Total score 107.1 -0.975 0.333
MWT (11.2) 109.9 (12.7)
Extraversion 27.9 (72) 29.6 (72) -0.961 0.340
Agreeableness 32.0 (5.0) 30.6 (5.6) 1.099 0.276
Conscientiousness 32.0 (5.0) 30.6 (5.6) -0.328 0.744
Cognitive Empathy 4.7 (1.9) 4.7 (2.0) 0.080 0.937
Emotional Reactivity 5.6 (1.8) 5.0 (2.1) 1.212 0.230
MDBF Elevated vs. Depressed -0.886 0.382
pre mood 15.4 (3.1) 16.3 (2.4)
Wake.fulness VS. 13.6 (4.2) 14.6 (3.4) -0.757 0.454
Sleepiness
Calmness vs. -1.269 0.212
Restlessness 15.3 (3.2) 16.5 (3.0)
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MDBF Elevated vs. Depressed 15.2 (3.2) 15.0 (3.7) 0.196 0.846
post mood
Wake_fulness VS. 12.5 (3.0) 12.8 (4.0) -0.259 0.797
Sleepiness
Calmness vs. 0.679 0.502

Restlessness 15.6(2.5) 14.9 (3.4)

Tab. 2

Demographics and individual characteristics. M mean, SD standard deviation, MWT
Mehrfach Wortschatz Intelligenztest (verbal intelligence test) , NEO-FFI Neo Five-Factor
Inventory, EQ Empathy Quotient, MDBF Multidimensional Mood State Questionnaire.

a Independent samples t tests, two-tailed

3.3.2 Accuracy

A main effect of group (OXT vs. placebo) was observed for mentalizing accuracy for
difficult items [F(1, 63)= 12.60, p=.001]. We observed higher accuracy rates in the OXT
group (M= 0.72, SD=0.11) as compared to the placebo group (M=0.64, SD=0.12; t(65)=
-3.29, p= 0.002). No main effect of group (OXT vs. placebo) was found for mentalizing
accuracy for easy items [F(1, 63)=0.03, p > 0.05] (see Figure 7).

80 Placebo

l [ k%

= Oxytocin

75

70

65

l

easy items difficult items

60

mean percentage of correct answers

Fig. 7
Mean percentage of correct answers for both groups (OXT vs. placebo) and item

difficulty (easy items, difficult items). * indicate significant post-hoc comparisons (** p <
0.01). Bars represent mean percentage + standard error of mean.

Confirming our hypothesis on the moderating effects of empathy on mentalizing

accuracy, the analysis revealed an interaction of group (OXT vs. placebo) and empathy
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assessed continuously on mentalizing accuracy for difficult items [F(1, 63)= 4.50, p=

0.038] (see Figure 8).
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Fig. 8

Mean percentage of correct answers for difficult items as a function of empathy scores
measured by the Empathy Quotient (EQ, Baron-Cohen & Wheelwright, 2004) and the
experimental group (OXT vs. placebo). Bars represent mean percentage * standard error
of mean. Low empathy = mean percentage of correct answers for participants scoring 1
standard deviation below the mean on the Empathy Quotient; high empathy = mean
percentage of correct answers for participants scoring 1 standard deviation above the
mean on the Empathy Quotient.

Specifically, for participants with an EQ score 1 SD below the mean, follow-up analyses
revealed higher accuracy in the OXT group for difficult items (M= 0.73, SD= 0.09) as
compared to the placebo group (M= 0.58 SD= 0.08; F(1, 63)= 14.48, p < 0.001). In
contrast, no group differences were found for subjects with an EQ score 1 SD above the
mean for difficult items (OXT group: (M= 0.72, SD= 0.12); placebo group: (M= 0.68, SD=
0.11; F(1, 63)= 1.07, p > 0.05). This indicates that whereas participants with higher
empathy scores identified facial emotions equally accurate in both OXT and placebo
groups, participants with lower empathy scores performed better under OXT as
compared to placebo.

Another way to investigate the same group-by-EQ interaction is to look at the
relationship between empathy and accuracy scores separately per group (OXT vs.
placebo). This analysis revealed no significant relationship between EQ scores and
accuracy for the OXT group, b= -0.005, t(63) = -0.29, p > 0.05, but a significant positive
relationship for the placebo group b= 0.051, t(63)= 2.64, p= 0.01. As displayed in Figure
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3, the group-by-EQ interaction was driven by an increase in accuracy for difficult items
among placebo participants with higher EQ scores, whereas EQ had no effect on
participants in the OXT group. For easy items, no interaction of group (OXT vs. placebo)
and empathy on mentalizing accuracy was observed [F(1, 63)= 3.67, p > 0.05], and we
found no significant relationship between EQ and accuracy neither for the OXT group, b=

-0.02, t(63)=-1.15, p > 0.05 nor the placebo group b= 0.031, t(63) = 1.55, p > 0.05.

3.4 Discussion

The present study aimed to investigate the effect of OXT on easy and difficult items of
the RMET in participants with high and low empathy scores. In line with our hypothesis,
we showed that a single dose of intranasally administered OXT enhances mentalizing
abilities. This effect was only observed for difficult items. Regarding the question
whether the effect of OXT on mentalizing is moderated by individual differences in
empathy, we demonstrated that only participants with lower empathy scores benefited
from OXT application. Independent of OXT administration, we showed better
mentalizing accuracy for difficult items in participants with higher empathy scores. It is
important to note that our results cannot be explained by general effects of OXT on
mood, wakefulness and calmness since there were no differences between the two
experimental groups in the MDBF before and after the task. More importantly, the OXT
group and the placebo group did not differ in their EQ scores. This rules out the

possibility that the effects are biased by group differences in baseline empathy scores.

Supporting our hypothesis, OXT improved the recognition accuracy during a mentalizing
task. Our findings replicate previous studies on the beneficial effect of OXT on
mentalizing (Anagnostou et al. 2012; Domes et al. 2007b, Luminet et al. 2011). In line
with Domes et al. (2007b), the OXT effect was only found for difficult items. Since the
RMET was formerly designed to investigate severe impairments in mentalizing abilities
in adults with autism spectrum disorders, the easy items might have not been
challenging enough to display the effect of OXT. The effect of OXT on the RMET has
previously been demonstrated for both easy (Guastella et al. 2010) and difficult items
(Domes et al. 2007b). Notably, the samples in the above-mentioned studies differed in
social competence, with autistic adolescents (Guastella et al. 2010) and healthy

volunteers (Domes et al. 2007b), respectively. Hence, it seems possible that OXT-
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induced effects on mentalizing are most pronounced for tasks that are challenging (e.g.
difficult items for healthy participants) but not too difficult (e.g. easy items for autistic
participants).

There are several possible explanations for the underlying processes of the observed
effects. An essential component of mentalizing is the decoding of social signals such as
facial expressions. Our findings replicated previous studies, demonstrating that OXT
increased the ability to correctly identify emotional facial expressions in healthy
subjects (for a review see van ljzendoorn and Bakermans-Kranenburg 2012) and clinical
samples (Averbeck et al. 2012; Baron-Cohen et al. 2001; Guastella et al. 2010).
Alternatively, one might hypothesize that OXT enhances mentalizing by increasing social
memory (Domes et al. 2007b). Previous neuroimaging research has suggested that
autobiographical memory is an important prerequisite of understanding the mental
states of others’ (Andrews-Hanna et al. 2014; Cavanna & Trimble, 2006; Gallagher &
Frith, 2003). Mentalizing tasks require participants to recall previously stored memories
of other persons” mental states and their corresponding facial expressions and match
them to the stimuli presented. A number of studies have demonstrated the potential of
OXT as an enhancer for memory processes (Guastella et al. 2008b; Savaskan et al. 2008;
Weigand et al. 2013). These studies gain empirical support from neuroanatomical
findings, for example OXT receptors have been found in brain circuitries underlying
memory processes namely the hippocampus and the septum (Gimpl and Fahrenholz
2001; Meyer-Lindenberg et al. 2011).

Our results regarding the specific effect of OXT in subjects with lower empathy scores
support previous work on the variability of OXT effects in social cognition (Bartz et al.
2011b; Olff et al. 2013). An interpretation of this effect might be OXT-induced changes in
perceptual salience processing of social cues. Supporting this notion, recent studies
showed that OXT increases gaze to the eye region, thus accentuating cues that are highly
relevant for interpersonal communication (Andari et al. 2010; Guastella et al. 2008a).
Consistent results were found in a recent animal study that reports OXT-induced
attention to the eye region in rhesus monkeys (Dal Monte et al. 2014).

Our findings indicate that only those participants who are less attuned to social
information (i.e. who are less empathic) benefit from OXT. For those participants it
might be more helpful to increase awareness of socially relevant information in the

environment, in particular the salience of the eye region in order to correctly identify
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mental states of others. On the opposite, OXT had no impact on participants with already
high levels of empathy. This explanation is consistent with interactionist views
emphasizing that individual differences in competencies interact with situational
variables to determine behavior (Mischel and Shoda 1995).

Consistent with the salience hypothesis, recent studies showed that OXT promotes early
attentional processes that might facilitate prosocial behavior (Domes et al. 2013b;
Schulze et al. 2011). Furthermore, better emotion recognition after OXT administration
is associated with increased pupil dilation, suggesting that OXT promotes the allocation
of attentional resources during processing of emotionally salient facial expressions
(Prehn et al. 2013). The assumption that OXT enhances the salience of social cues also
gains considerable support from animal studies. Previous results indicate that OXT
modulates the salience of social cues by boosting the dopamine system (Melis et al.
2007; Shahrokh et al. 2010). In humans, Groppe et al. (2013) recently found that OXT
enhances activation in the ventral tegmental area (VTA), a brain region rich in OXT
receptors (Loup et al. 1991), in response to social cues. The VTA plays a crucial rule in
processing the salience of social cues as dopamine neurons project from the VTA to the
nucleus accumbens (Bromberg-Martin et al. 2010). In addition to the salience
hypothesis, Hurlemann et al. (2010) have shown that OXT application directly enhances
empathy. This enhancement might enable subjects with lower empathy scores to
correctly identify mental states.

In the placebo but not in the OXT group, we also observed increased performance in
participants with high empathy scores for difficult items. This finding is compatible with
previous studies investigating the relationship between mentalizing and empathy (Besel
and Yuille 2010; Martin et al. 1996). The findings suggest that participants with higher
EQ scores are able to identify facial expressions more accurately. Given that facial
expression recognition is a prerequisite of mentalizing (Blair 2003), it seems plausible
that these participants show better task performance as compared to participants with
lower EQ scores.

There are several limitations that are important to consider. First, our study sample only
included male participants. Previous studies have reported gender differences in OXT-
dependent effects (Domes et al. 2010; Lischke et al. 2012b), indicating that our results
might not generalize to women. Future studies should address this issue by

investigating both male and female participants. Second, regarding the assessment of
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empathy in this sample, it is important to acknowledge the subjectivity of self-reported
empathy. Our design would have benefited from a performance-based empathy

measurement, for example by including a specific empathy task in the test session.

3.5 Conclusion

An important aspect of interpersonal communication is the ability to identify internal
mental states of others. We demonstrate that OXT enhances mentalizing using the
RMET. However, our data also suggests that OXT does not uniformly facilitate
mentalizing in humans. Specifically, OXT improves mentalizing for difficult items only in
participants with low ability to empathize. These findings indicate that OXT seems to
play a more nuanced role in social cognition and strongly depends on baseline socio-

cognitive skills such as empathy.

43



4 tDCS Study

4 Transcranial Direct Current Stimulation Enhances Cognitive Control

During Emotion Regulation

Feeser M, Prehn K, Kazzer P, Mungee A, BajboujM (2014) Brain Stimulation 7(1):105-
112.

http://dx.doi.org/10.1016/j.brs.2013.08.006

Abstract

The ability to cognitively control emotions is critical for mental health. Previous studies
have identified the dorsolateral prefrontal cortex (dIPFC) as a core region in cognitive
reappraisal. However, there is only scarce evidence whether directly modulating dIPFC
activity results in improved capacities for cognitive reappraisal.

In this study, we used anodal transcranial direct current stimulation (tDCS) over the
right dIPFC to investigate the effects of increased dIPFC excitability on cognitive
reappraisal as indexed by subjective emotional arousal ratings and skin conductance
responses.

The study was designed as a double-blind, between-subjects, sham-controlled trial. Half
of the healthy participants were randomly assigned to receive either active tDCS (n = 21,
1,5 mA for 20 minutes over the right dIPFC) or sham stimulation (n = 21). Participants
viewed negative and neutral pictures from the International Affective Picture System
while they were instructed to either downregulate, upregulate or maintain their
emotions. After each picture presentation, participants rated the intensity of emotional
arousal. Skin conductance responses and gaze fixation were assessed.

Our results revealed that anodal prefrontal tDCS during downregulation resulted in
decreased skin conductance responses and decreased emotional arousal ratings. The
opposite pattern was observed for the upregulation condition in which anodal tDCS
resulted in higher arousal ratings accompanied by marginally enhanced skin
conductance responses

Our data indicates that tDCS facilitates cognitive reappraisal in both directions by either
increasing or decreasing emotional responsiveness depending on the regulatory goal.
This provides further evidence for the potential use of tDCS as a tool to modulate
cognitive reappraisal. However, given the limitations of the present study, our findings
need to be replicated and complimented by further studies.
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4.1 Introduction

The ability to cognitively control emotional experiences is an important predictor for
mental health (Gross and John 2003). While emotions are helpful in facilitating goal-
directed behavioral responses (Davidson et al. 2003b), they can also be maladaptive, if
they happen at an inappropriate time or at a wrong intensity level (Gross and Thompson
2007). In the latter case emotions need to be controlled using emotion regulation
strategies. According to Thompson (1994), emotion regulation can be defined as:
“extrinsic and intrinsic processes responsible for monitoring, evaluating, and modifying
emotional reactions, especially their intensive and temporal features, to accomplish
one's goals” (p. 28).

Research on emotion regulation has suggested different ways of modulating emotional
experiences ranging from attentional control to cognitive change (Ochsner and Gross
2005). The present study focuses on cognitive reappraisal as a form of cognitive change.
This type of emotion regulation refers to changing the way one appraises a situation in
order to change its emotional impact. In studies investigating cognitive reappraisal,
subjects are typically trained with cognitive reappraisal strategies to down-or

upregulate negative emotions elicited by pictures or videos.

A number of studies in recent years have investigated how cognitive reappraisal impacts
neural responses to emotional stimuli. (Eippert et al. 2007; Kanske et al 2011; Ochner et
al. 2004; Urry et al. 2009). These studies have identified a network of brain regions that
are engaged while attempting to reappraise negative emotions. Specifically, it has
consistenly been shown that the dorsolateral prefrontal cortex (dIPFC) plays a crucial
role in that process. For example, Eippert et al. (2007) and Ochsner et al. (2004) found
that both down- and upregulation of negative pictures activated the dIPFC as compared
to a control condition. Prior imaging studies have shown that increased dIPFC activation
is associated with altered amygdala activation during cognitive reappraisal. This results
in decreased amygdala activity during downregulation and increased activation during
upregulation of negative emotions (Ochsner et al. 2004). Another study by Wager et al.
(2008) reported a mediation analysis that provided evidence for prefrontal involvement
in generation and regulation of emotional states through different subcortical

pathways.
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Emotional stimuli induce not only changes in the brain but also autonomic changes such
as skin conductance responses (SCR, Dawson et al. 2000). Changes in skin conductance
responses have been proven as a sensitive and reliable measure of emotional arousal
with larger SCR usually observed for highly arousing stimuli. Most importantly, there is
substantial evidence for a neuroanatomical basis for correspondence between the
amygdala-frontal circuit and changes in SCR (Critchley 2009). For example, Mangina et
al. (1996) was able to demonstrate that electrical stimulation of the amygdala strongly
modulated SCR.

One well established way to investigate emotional states is by the means of the valence-
arousal model (Frijda 1986; Lang 1995). In this model, emotional states are constituted
by the two dimension: valence (pleasantness) and arousal (physical activation). In the
present study, we used one dimension, namely arousal, to measure the success of
implementing cognitive reappraisal strategies for downregulation and upregulation of
negative emotions. Our rationale for choosing SCR to investigate reappraisal success is
in line with several previous studies, which used IAPS pictures in an emotion regulation
tasks. Increased SCR is observed when participants upregulate emotions as compared to
downregulation. (Driscoll et al. 2009; Eippert et al. 2007, Kim and Hamann 2012). To
our knowledge, only one study by Urry et al. (2009) has demonstrated that attempts to
downregulate negative emotions are associated with decreased SCR as compared to a
control condition.

Given the growing body of neurobiological evidence about the mechanisms of emotion
regulation and its importance for mental and physiological health (Berking and
Wupperman 2012), the question arises how emotion regulation can be improved.
Previous studies have demonstrated the effectiveness for antidepressant treatment
(Heller et al. 2013), emotion regulation group trainings (Schuppert et al. 2009), and
mindfulness-based stress reduction trainings (Goldin and Gross 2010) for improving
emotion regulation on a subjective and neural level.

As mentioned above, there is substantial evidence for the role of dIPFC during cognitive
reappraisal of negative emotions from brain imaging studies. However, these are only
correlational and only very few studies have investigated causal mechanisms between
dIPFC activation and emotion regulation processes. tDCS is an emerging brain

stimulation technique that can be used for addressing the question of causality.
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During tDCS, a continous weak electrical current is applied through two electrodes
positioned over the participant’s scalp surface. It induces transient, stimulation polarity-
dependent excitability shifts of the human cortex via neuronal de- or hyperpolarization
(Miranda et al. 2006). Specifically, anodal tDCS results in increased cortical excitability,
whereas cathodal tDCS decreases it (Nitsche and Paulus 2000). Empirically it has been
shown that anodal tDCS of the dIPFC is associated with working memory enhancement
and improvement in other cognitive domains (Andrews et al. 2011; Dockery et al. 2009;
Fecteau et al. 2007; Fregni et al. 2005; Kincses et al. 2004).

Despite the initial promise of tDCS effects in enhancing cognitive functioning, little
attention has been paid so far to investigate emotional processing. Recent work by Pefia-
Gémez et al. (2011) has proposed that tDCS over the dIPFC reduces the perceived
degree of emotional valence for negative IAPS pictures. The authors explained this effect
by a tDCS induced enhancement of cognitive control over emotional experience. In line
with these results, Boggio et al. (2009) reported that prefrontal tDCS resulted in
decreased discomfort ratings during the presentation of images depicting human pain.
Another recent study investigated the effects of tDCS on cognitive control (Wolkenstein
and Plewnia 2013). The authors found that active tDCS over the dIPFC ameliorated

cognitive control for emotional information in healthy volunteers.

Interestingly, a growing body of findings indicates that the effects of brain stimulation
on task performance strongly depend on the level of neuronal activity at the time of
stimulation (Silvanto et al. 2008). The importance of state-dependent stimulation effects
has been illustrated in transcranial magnetic stimulation (TMS) studies investigating
perceptual and cognitive processes. In these studies, the functional state of the cortex
prior to the stimulation was manipulated by means of adaptation with a stimulus or a
category used in the task which altered the task performance (Cattaneo et al. 2010a;
Cattaneo et al. 2010b; Kadosh et al. 2010). Furthermore, it has been shown that tDCS
effects on functional connectivity in verbal fluency and deactivation of task-related
networks differed depending on the specific subcomponents of the task (Pereira et al.
2013). Taken together, these findings are in line with our assumption that tDCS induced
changes in emotion regulation might depend on the respective reappraisal condition.

However, it is important to note that the previous mentioned studies on emotional
processing and cognitive control did not use a specific emotion regulation task (i.e., no

standardized cognitive reappraisal instructions were given). Therefore, their findings
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cannot be directly associated with the improvement of emotion regulation abilities
induced by tDCS. Another limitation of previous studies is that they did not control for
visual attentional deployment during the task. As highlighted by van Reekum et al.
(2007) cognitive reappraisal and attentional deployment can both contribute to changes
in emotional response during cognitive reappraisal. Specifically, it has been shown that
participants show different gaze fixation patterns towards emotional stimuli depending
on their regulation goal. Regarding our study, it is necessary to assess gaze fixation for
two reason. First, we aimed at ruling out the possibility that the two experimental
groups differ in the way they visually scan the IAPS pictures. Second, given the lack of
control whether the participants are actually engaged in the task, we could confirm that
participants were following the instruction to look at the pictures throughout the
experiment.

It is important to note that most of the above mentioned tDCS studies on emotional
processing chose the left dIPFC for stimulation. Nevertheless, in the present study we
decided to stimulate the right dIPFC. Our rationale for chosing this stimulation site was
twofold. First, we considered the valence theory of side-lateralized activity of the
prefrontal cortex during emotional processing (Davidson 1992; Davidson 1999). It has
been suggested that positive emotional information is preferentially processed in the
left hemisphere whereas the processing of negative emotional information is lateralized
in the right hemisphere. This notion is further supported by brain simulation studies
investigating the right dIPFC (Baeken et al. 2010; Leyman et al. 2008). Since our
emotional stimulus material contained negative IAPS pictures only, we decided for the
right dIPFC. Second, our decision derived from the results of neuroimaging studies on
emotion regulation. A recent review by Ochsner et al. (2012) on functional imaging
studies of emotion indicated that the right dIPFC is involved in down-regulation and up-
regulation of emotional states. They propose the following explanation for this pattern
of results: Previous studies have reported that the right dIPFC is involved in the
selection and inhibition of various kinds of responses (Aron et al. 2004; Lieberman
2007b). Thus, the right dIPFC might play a role in deliberately selecting a new stimulus-
appropriate reappraisal in favor of one’s initial appraisal of that stimulus. This in turn

might alter subcortical activation.
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Based on the above mentioned findings regarding the neural circuitry underlying
emotion regulation and the proven capacity of tDCS to enhance cognitive functioning, we
aimed to investigate tDCS as a tool to improve emotion regulation.

Our study had two main objectives: The first aim was to investigate whether a single
session of tDCS applied over the right dIPFC would modulate emotional arousal ratings
while participants attempted to reappraise negative pictures. We hypothesized that
arousal ratings would be decreased during the downregulation condition and increased
during the upregulation condition during anodal tDCS as compared to sham stimulation.
Secondly, we aimed to evaluate the effect of tDCS on autonomic responses as indexed by
SCR during cognitive reappraisal. According to the findings by Urry et al. (2009), we
hypothesized that under tDCS, attempts to downregulate negative emotions would lead
to decreased SCR whereas attempts to upregulate would be associated with increased
SCR as compared to the sham condition.

To test these predictions, we used a study design that crosses factors for cognitive
reappraisal type (downregulation, upregulation, negative maintain, neutral maintain)

with tDCS application type (active, sham).

4.2 Methods and material
4.2.1 Subjects

48 subjects (25 women, 23 men), aged between 20 and 47 years (mean age= 29.8, SD=
6.2) participated in this study. All subjects were screened for psychiatric disorders using
the short version of the Structured Clinical Interview for Diagnostic and Statistical
Manual of Mental Disorders (DSM-IV, SCID) (Wittchen et al. 1997). Subjects with any
history of psychiatric or neurological desease or implanted metal objects were excluded
from the study. All subjects were naiv to tDCS, the emotion regulation task and the
hypotheses of the study. Written consent was obtained and subjects were paid for their
participation. The study was approved by the local ethics commitee of the Department

of Psychiatry Charité-Universitatsmedizin, Campus Benjamin Franklin, Berlin.

4.2.2 Experimental design

The study was designed as a double-blind, between-subjects, sham-controlled trial that

took place on two separate days. We chose a between-subjects design for practical
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reasons and in order to avoid learning effects that might occur after repeated practice of
reappraisal strategies in subsequent experimental sessions. Previous studies also using
emotion regulation trainings showed that reappraisal strategies can be successfully
acquired by repeated training opportunities (Schuppert et al. 2009; Woud et al. 2012).
To ensure that our results are not influenced by training effects and better performance
after repeated training opportunities, we decided to have only one test session in
addition to the training session. Half of the subjects were randomly assigned to receive
either active anodal stimulation (n = 23) or sham stimulation (n = 25).

On the first day, the subjects received an extensive training to acquaint them with the
use of cognitive reappraisal strategies. The experimenter provided them with detailed
standardized instructions and reappraisal examples for the different regulation
instructions (downregulation, upregulation, negative maintain, neutral maintain). At the
end of the training, all subjects were able to generate appropriate reappraisals that
followed our reappraisal instructions. The actual testing session took place three to four
days later. Before the testing session, participants conducted six practice trials. Picture
stimuli used in the training session and in the practice trials were different from those

used in the experimental session.

4.2.3 Reappraisal task

The reappraisal task consisted of four conditions: downregulate negative emotions,
upregulate negative emotions, maintain negative emotions, maintain neutral emotions.
We adapted the reappraisal instruction from Ochsner et al. (2004). For downregulation
participants attempted to view the scene objectively from a third-person perspective
(i.e., a doctor) who is not involved in the scene or to imagine a better outcome of the
situation than the one depicted. Accordingly, for upregulation participants were
instructed to imagine that the event in the picture happened to a beloved one or to
imagine that the outcome of the scene is worse than the one displayed in the picture. In
maintain trials participants were instructed to maintain their emotional experience

without trying to modify it using reappraisal strategies.

4.2.4 Stimuli and trial structure

In the task, participants were presented with 72 negative and 24 neutral pictures taken

from the IAPS! (Lang et al. 2001). Three sets of 24 negative IAPS pictures were
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randomly assigned to the three regulation conditions (negative downregulate, negative
upregulate or negative maintain). Neutral pictures were only presented in the neutral
maintain condition. The negative picture sets were matched according to valence and
arousal of the IAPS norm ratings (all p > 0.05). The neutral picture set had higher
valence (p < 0.05), and lower arousal ratings (p < 0.05) than the negative sets. Pictures
were presented using the experimental control software Presentation (Neurobehavioral
Systems Inc. Albany, CA). Each trial started with a cue indicating the regulation
condition (downregulate, up-regulate, or maintain) which was presented for 1 s.
Afterwards, the IAPS picture was presented for 8 s. The order of the regulation
conditions was counterbalanced. The participants were instructed to maintain
implementing the cued regulation strategy during the total time of picture presentation.
After presentation of each picture, participants rated the intensity of arousal evoked by
the picture on a nine-point scale (1=very low arousal, 9= very high arousal). An example

trial of the task is illustrated in Figure 9.

Fixation RGeS
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Instruction
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Time frame for SCR Ss
data analyses

123456789

Fig. 9

Trial structure for the cognitive reappraisal task. Each trial consisted of four phases: a 2
s fixation cross, a 1 s instruction (downregulate, upregulate, negative maintain, neutral
maintain), a 8 s picture display and a 5 s rating phase; SCR= skin conductance response.

1The following IAPS pictures, listed by catalog number, were used:

2375, 2520, 2661, 2683, 2691, 2703, 2704, 2718, 2730, 2753, 2800, 3005, 3015, 3016, 3017, 3022, 3051,
3053, 3071, 3150, 3180, 3191, 3215, 3225, 3250, 3280, 3302, 3350, 3500, 3530, 5500, 5510, 5530, 5533,
6213, 6243, 6312, 6313, 6314, 6315, 6350, 6510, 6550, 6555, 6560, 6562, 6571, 6821, 6825, 6831, 6834,
6838, 7000, 7002, 7004, 7009, 7010, 7041, 7057, 7080, 7090, 7095, 7100, 7130, 7140, 7190, 7217, 7234,
7235, 7490, 7700, 7710, 8230, 8231, 8480, 9040, 9042, 9102, 9252, 9253, 9265, 9341, 9400, 9410, 9415,
9419, 9420, 9424, 9426,9428, 9430, 9433, 9452, 9520, 9910, 9920.
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4.2.5 Control variables

To ensure group matching the following questionnaires were completed by all
participants after testing: The Emotion Regulation Questionnaire (ERQ), (Gross and John
2003) the Toronto Alexithymia Scale (TAS-20), (Parker et al. 2003) and the NEO Five-
Factor Inventory (NEO-FFI), (Costa 1992). To control for mood changes, the
Multidimensional State Questionnaire (MDBF) (51) was completed before and after the

experimental session.

4.2.6 Transcranial direct current stimulation

tDCS was applied through a pair of saline-soaked surface sponge electrodes (anodal
electrode surface= 35 cm?, cathodal electrode surface= 100 cm?) connected to a battery-
driven constant current stimulator (DC-Stimulator, NeuroConn GmbH, Ilmenau,
Germany). For anodal stimulation of the right dIPFC, the anode electrode was placed
over F4 according to the 10-20 international system for EEG electrode placement. The
cathode was placed above the left supraorbital region at least 5 cm from the anode
(Miranda et al. 2006). A relatively large reference electrode was used to rule out the
possibility that the observed effect emerged from supraorbital stimulation.

During active stimulation a constant current of 1,5 mA was applied for 20 minutes. The
sham condition consisted of 30 seconds of stimulation, afterwards the stimulator was
turned off. The subjects felt the initial itching in both of the stimulation conditions and
were thus unable to recognize the stimulation condition. The tDCS device contained a
study mode for double-blind trials. Prior to the start of the study, a colleague who was
not involved in the study generated numeric codes for active and sham tDCS stimulation
sessions which were assigned to the subjects. At the beginning of each test session, the
experimenter entered the preassigned code for each subject, and thus was completely
unaware of the stimulation condition to follow. The stimulation was applied during the
emotion regulation task and started 4 minutes before the task. The impedance was

controlled by the device, normally ranging below 5 k().

4.2.7 Recording and analysis of Skin Conductance and Eye Tracking data

SCR was recorded continously during the emotion regulation task with a sampling rate
of 40 Hz using a biofeedback sampling device (Biofeedback 2000%-rert, Schuhfried GmbH,

Austria). The electrode was connected to the ring finger of the left hand. SCR data was
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analyzed using the MATLAB 7.11.1 (Mathworks Inc., Sherborn, MA) based software
LedaLab version 3.3.1 (www.ledalab.de). Within the 8 s of picture presentation, SCR was
decomposed by continous decomposition analysis (CDA) (Benedek and Kaernbach
2010). This method extracts the phasic information underlying the skin conductance
response, and aims at retrieving the signal characteristics of the underlying sudomotor
nerve activity.

Gaze fixation was measured using an iView X system (SensoMotoric Instruments,
Teltow, Germany). Before the start of the experiment, gaze fixations were calibrated by
instructing the participants to look at each of 4 dots presented in a random order in
either one of the four corners of the computer screen. Gaze fixation was measured at 60
Hz. For further analysis, the amount of time participants fixated pre-defined areas of
interest within one picture was calculated. To define the areas of interest, a template
was created by drawing elliptical areas on each picture using Adobe Photoshop CS6
(Adobe Systems Inc., CA). An area of interest was defined as only those details that
provide emotional meaning to the scene depicted in the picture. Eye tracking data was
analyzed wusing the MATLAB based software Gazealyze version 0.90b

(www.gazealyze.sourgeforge.net).

4.2.8 Statistical analysis

Subjective arousal ratings, SCR variables and gaze fixation variables were analyzed using
repeated measures analyses of variance (ANOVAs) to test for main effects and
interactions with the within-subjects factors Regulation Condition (downregulation,
upregulation, negative maintain, neutral maintain) and the between-subjects factors
Stimulation (active, sham). Further statistical analyses were conducted using t-test
comparisons. (active vs sham stimulation). Paired-samples t-tests were used to compare
the different regulation conditons within each experimental group. Greenhouse-Geisser
corrections were applied where appropriate. All tests were two-tailed and the
significant threshold was set at a probability of p < 0.05. Statistical analyses were carried
out using PASW (Predicitive Analysis SoftWare, Version 18.0, Chicago: SPSS Inc., lllinois,
USA).
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4.3 Results

4.3.1 Demographics and individual characteristics

Data from six subjects were exluded from analyses because they failed to produce

detectable SCR amplitudes. The final sample size was 42 (n= 21 active tDCS; 11 women

and n= 21 sham tDCS; 11 women). There were no significant differences (all ps > 0.05)

between participants in the two experimental groups (active vs sham stimulation) with

respect to age, habitual use of emotion regulation strategies (ERQ), the subscales of the

NEO-FFI questionnaire and alexithymia scores (TAS). The characteristics of the two

experimental groups are reported in Table 3.

active t p value
tDCS sham tDCS
M (SD) M (SD)
age 28.4(6.9) 285 (6.4) 0046 963
ERQ Reappraisal 31.2(48) 31.8(5.3) 0.366 716
Suppression 11.5 (29) 11.3 (39) -0.180 .858
NEO-FFI ~ Neuroticism 165(63) 182(69) 0816 419
Extraversion 30.6 (62) 296 (59) -0.511 .612
Agreeableness 34.8 (41) 34.4 (59) -0.244 .808
Conscientiousness 33.8(3.8) 32.1(6.3) -1.039 .305
TAS lef}culty Identifying 110 (3.1) 114 (2.6) 0.434 .666
feelings
Difficulty Describing 9.5 (3.2) 9.3 (2.8) -0.208 .837
feelings A A
Externally Oriented 1.283 207
thinking 13.9(3.7) 15.2(3.1)
MDBF Elevated vs. Depressed -1.11 273
pre mood 16.4 (2.5) 15.4(3.0)
Wakefulness vs. Sleepiness 14 o (3.7) 13.5(4.0) -0.596 554
Calmness vs. Restlessness 16.3(34) 15.1(3.1) -1.186 243
MDBF Elevated vs. Depressed -0.887 .380
post mood 15.1(3.4) 14.2(3.6)
Wakefulness vs. Sleepiness 13 1 (3.8) 12.0(2.9) -1.091 282
Calmness vs. Restlessness 153 (3.1) 149 (2.9) -0.206 .838
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Tab. 3

Demographics and individual characteristics. M mean, SD standard deviation, ERQ
Emotion Regulation Questionnaire, NEO-FFI Neo Five-Factor Inventory, TAS Toronto
Alexithymia Scale, MDBF Multidimensional State Questionnaire. t t-value from
independent samples t-test, two-tailed

4.3.2 Effects of tDCS on emotional ratings

tDCS was well tolerated by all subjects and all subjects completed the entire experiment.
The only side effect mentioned by the participants was an initial itching sensation. No
skin lesions or headaches were reported after the end of the session.

First, we analyzed the effect of tDCS on participant’s emotional state as measured by
three subscales of the MDBF before and after the task. The ANOVA (Stimulation x Time x
MDBF subscales) revealed a main effect of Time on emotional state [F(1,80)= 6.72, p=
.013]. Further t-tests demonstrated that participants reported increased depressed
mood at the end of an experimental session (t= 2.28, p =.028). Importantly, we observed
no main effect for Stimulation on emotional state [F(1,40)= 1.60, p= .213] nor a
significant interaction for the factors Stimulation, Time and MDBF subscales [F(2,80)=

.52, p=.599].

Regarding the influence of tDCS on emotional arousal ratings, we observed a main effect
of Regulation Condition [F(3,120)= 211.23, p <.001] and an interaction of Stimulation
and Regulation Condition [F(3,120)= 18.13 p < .001]. Further t-tests revealed lower
arousal ratings in the downregulation condition for the active stimulation group (M=
2.17, SD=.88) as compared to the sham stimulation group (M= 3.46, SD=.71; t=5.22,p <
.001). Higher arousal ratings in the upregulation condition were found for the active
stimulation group (M= 6.08, SD= .59) as compared to the sham stimulation group (M=
4.86, SD= .83; t= -5.50, p < .001). Furthermore we found lower arousal ratings in the
negative maintain condition for the active stimulation group (M= 3.50, SD= 1.27) as
compared to the sham stimulation group (M= 4.24, SD=.82; t= 2.25, p =.03; only a trend
because of Bonferroni correction; adjusted p value = 0.008).

In the next step we analyzed differences within the active stimulation group and the
sham stimulation group between the different reappraisal conditions. For the sham
stimulation group, paired t-tests revealed lower arousal ratings for the downregulation

condition as compared to the negative maintain condition (t = -5.17, p < .001). The
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difference between the downregulation condition and the upregulation condition was
also significant (t = 5.11, p <.001).

For the active stimulation condition we observed lower arousal ratings for the
downregulation condition as compared to the negative maintain condition (t = -4.02, p <
.001) and higher arousal ratings for the upregulation condition as compared to the
negative maintain condition (t = 8.26, p < .001). The difference between the
downregulation condition and the upregulation condition was also significant (t = 14.99,

p <.001). The results for the arousal ratings are illustrated in Figure 10.

EEE

M anodal tDCS
Osham tDCS

Mean emotional arousal ratings

‘ N

down up maintain neutral_maintain

Fig. 10

Mean emotional arousal ratings for both groups (anodal tDCS or sham tDCS) and
reappraisal condition (downregulate, upregulate, negative maintain, neutral maintain).

* indicate significant post-hoc comparisons (*** p < 0.001; * p < 0.05). Bars represent
standard errors (SE).

4.3.3 Effects of tDCS on SCR

Regarding the influence of tDCS on SCR, we observed a main effect of Regulation
Condition [F(3,120)= 39.27, p <.001] and an interaction of Stimulation and Regulation
Condition [F(3,120)= 6.10 p=.001]. Further t-tests demonstrated that these effects were
driven by lower SCR in the downregulation condition for the active stimulation group
(M= .26, SD=.27) as compared to the sham stimulation group (M= .56, SD=.36; t= 3.05,

p =.004). Higher SCR in the upregulation condition was found for the active stimulation

group (M= 1.27, SD=.36) as compared to the sham stimulation group (M= .99, SD= .29;
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t= -2.69, p = .01; only a trend because of Bonferroni correction; adjusted p value =
0.008).

In the next step we again report the statistics of the within group comparisons between
the different reappraisal conditions. For the sham stimulation group, paired t tests only
revealed lower SCR for the downregulation condition as compared to the upregulation
condition (t=3.71, p=.001).

For the active stimulation condition we observed lower SCR for the downregulation
condition as compared to the negative maintain condition (t = -4.18, p < .001) and
higher SCR for the upregulation condition as compared to the negative maintain
condition (t= 5.36, p <.001). The difference between the downregulation condition and
the upregulation condition was also significant (t= 13.70, p <.001). The SCR results are
illustrated in Figure 11.
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Fig. 11

Mean skin conductance response (in pS) for both groups (anodal tDCS or sham tDCS)
and reappraisal condition (downregulate, upregulate, negative maintain, neutral
maintain). * indicate significant post-hoc comparisons (*** p < 0.001; ** p < 0.01). Bars
represent standard errors (SE).
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4.3.4 Differences in gaze fixation

The ANOVA revealed a main effect of Regulation Condition [F(3,120)= 58.91, p <.001].
Further t-tests demonstrated that all participants spend less time fixating emotional
relevant parts of the picture when instructed to downregulate as compared to the
negative maintain condition (downregulate: M= 3.4, SD=.56; negative maintain: M= 4.1,
SD= .44; t= -7.67, p < .001). In addition, the time spent on relevant parts of the image
was longer for the upregulation condition as compared to the negative maintain
condition (upregulate: M= 5.0, SD=.59; negative maintain: M= 4.1, SD= .44; t= 17.40, p <
.001). No main effect of Stimulation [F(1,38)= .24, p= .63] nor an interaction of
Regulation Condition and Stimulation [F(3,120)= .83, p= .48] was observed. The gaze

fixation results are illustrated in Figure 12.
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Fig. 12

Mean time (in s) spent fixating the relevant objects that rendered the image negative in
valence for both groups (anodal tDCS or sham tDCS) and reappraisal condition
(downregulate, upregulate, negative maintain, neutral maintain). Bars represent
standard errors (SE).

4.4 Discussion

The aim of this study was to investigate the effects of right dIPFC stimulation on

cognitive reappraisal. We observed that anodal tDCS over the right dIPFC during
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downregulation resulted in lower arousal ratings and decreased skin conductance
responses. The opposite pattern was observed for the upregulation condition in which
anodal tDCS resulted in higher arousal ratings accompanied by marginally enhanced
skin conductance responses. The results of the within-group comparisons suggest that
the differences between the regulation conditions (downregulate vs negative maintain
and upregulate vs negative maintain) were more pronounced in the active tDCS group.
This supports the notion that subjects in the active tDCS condition were more capable of
reappraising negative emotions.

An additional analysis of gaze fixation showed differences between the reappraisal
conditions but no effect of stimulation. To summarize, these results indicate that anodal
tDCS facilitated cognitive reappraisal in both directions. Depending on the reappraisal
condition (downregulation or upregulation) emotional arousal was either elevated or
reduced. These findings are consistent with the idea of state-dependency. Specifically,
differential responses to tDCS seem to depend on the particular reappraisal process the
participants are performing.

This pattern of results also supports current models of cognitive-affective brain circuits
underlying cognitive reappraisal (for a review see Ochsner and Gross 2005). Based on
these findings, a potential explanation for the observed effects might be that tDCS
impacts the level of cortical excitability by increasing the firing rate of neurons in the
right dIPFC.

Accordingly, increased dIPFC activity might impact autonomic arousal by modulating
the neural activity of subcortical structures such as the amygdala. Several lines of
evidence have suggested that both down- and upregulating negative emotions are
associated with increased dIPFC activity (Eippert et al. 2007; Ochsner et al. 2004).
Moreover, connectivity within subcortical-prefrontal circuitry has been shown during
cognitive reappraisal (Banks et al. 2007). Another study investigated pathways linking
prefrontal acitivity with reappraisal success. They reported two seperable pathways:
one leading through the ventral striatum, which may generate positive reappraisals, and
another one through the amygdala which may generate negative reappraisals (Wager et
al. 2008).

Note that the dIPFC does not directly impact emotion-related amygdala activity, since

there is no direct connection between both brain regions. One plausible route is via the
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ventromedial prefrontal cortex (vmPFC), which is directly connected to both the dIPFC
and the amygdala (Hartley et al. 2010; Price 2005).

Our results are in line with findings by Urry et al. (2009) who reported reappraisal-
related changes in SCR during an emotion regulation task (upregulate > negative
maintain > downregulate). Furthermore they reported that these effects were mediated
by the right amygdala. However, only one study so far has reported tDCS induced
changes in autonomic arousal during emotion processing (Brunoni et al. 2013). The
authors found that tDCS induced top-down effects under anodal dIPFC stimulation lead
to a downregulation of salivary cortisol levels.

We also found a group difference in the negative maintain condition. Specifically,
participants in the anodal tDCS group reported lower emotional arousal for negative
pictures in the maintain condition compared to the sham tDCS group. This finding opens
up the question, whether the two experimental groups differed in basic emotional
processing. As indicated by the results of the psychometric tests, the groups did not
differ in emotion processing and regulation in general (assessed with the ERQ, TAS-20,
NEO-FFI, see 'Demographics and individual characteristics' section). Therefore, we
believe that anodal tDCS has also enhanced the participants’ automatic tendency to
downregulate their emotional responses to negative pictures without having an explicit
instruction to do so. When explicitly instructed to up- and downregulate their emotional
response, participants even showed greater differences in comparison to the sham
group. Importantly, participants in the anodal tDCS group reported higher emotional
arousal in the upregulation condition than participants in the sham groups, a difference
that goes in the opposite direction than the difference in the maintain condition. The
result of higher arousal ratings in the upregulation condition would not have been
occurred if groups just differed in basic emotional processing.

Therefore it is very unlikely that the difference in the maintain condition has influenced
our results in general. It should also be noticed, that the difference between the groups
in the negative maintain condition is only a trend because of Bonferroni correction.
Taken together, our findings suggest that increasing dIPFC activity by tDCS does
facilitate emotion regulation as indexed by changes in SCR and subjective arousal ratings
depending on the reappraisal condition. Thereby, the data extends findings from

previous studies (Boggio et al. 2009; Maeoka et al. 2012; Pefia-Gémez et al. 2011) which
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demostrated tDCS induced changes in the processing of affective pictures without using
an explicit emotion regulation task including cognitive reappraisal strategies.

A considerable strength of this study is the inclusion of gaze fixation analysis to control
for attentional deployment during the task. Our results replicate previous findings by
van Reekum et al. (2007) who showed that the amount of time participants spent
fixating relevant part of the picture changed as a function of the regulatory goal .
Specifically, independent of tDCS application, we observed that participants spend less
time on emotionally relevant parts of the picture when attempting to downregulate
negative emotions as opposed to spending more time on relevant parts when attempting
to upregulate negative emotions. However, our study revealed no differences in gaze
fixation patterns between the anodal and sham stimulation group. Therefore, we
conclude that the observed differences in arousal ratings and SCR between the groups
do not reflect changes in attentional deployment but rather underly modulations of
cognitive reappraisal processes.

The lack of tDCS induced mood changes is consistent with previous work. Whereas a
study performed by Lippold and Redfearn (1964) proposed a polarity dependent mood
effect for healthy subjects, recent studies could not replicate these findings (Koenigs et
al. 2009; Plazier et al. 2012; Nitsche et al. 2012).

In the present study we used a between-subject design to investigate tDCS induced
changes on emotion regulation. Consequently, it was important to match the two
experimental groups on their general abilities to regulate emotions. We addressed this
issue by administering the ERQ to measure individual differences in the habitual use of
cognitive reappraisal. Importantly, we observed no difference between the participants
in the active tDCS group compared to the sham tDCS group regarding the use of
reappraisal strategies. Additionally, we tested for group differences in personality traits
such as alexithymia, neuroticism, and extraversion that are likely to modulate emotion
regulation success (Bermond et al. 2010; Pefia-GOmez et al. 2011; Venta et al. 2013).
Again, there was no difference in these personality traits between the groups. However,
the present study did not contain a baseline measurement prior to the task to measure
differences in basic emotional processing and the ability to implement the instructed
reappraisal strategies. The lack of baseline measurement might weaken the specificity of

our results and therefore the results should be treated with caution.
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The ability to modulate ones emotional state is an important cognitive control process
skill for humans. For instance, studies have suggested a link between the habitual use of
reappraisal strategies and positive psychosocial outcomes (Fehlinger et al. 2013; Gross
2002). On the other hand, recent studies suggested that dysfunctional emotion
regulation abilities are important for the development and maintenance of various
forms of mental disorders such as depression (Brockmeyer et al. 2012), anxiety disorder
(Blair et al. 2012), borderline personality disorder (Glenn et al. 2009), and eating
disorder (Svaldi et al. 2012). Given the importance for emotion regulation in mental
health, the findings of the present study may have interesting implications for clinical
approaches. For example, the efficacy of tDCS in modulating cognitive-emotional circuits
of emotion regulation could be used to augment the clinical benefits of cognitive
behavioral therapies targeting dysfunctional emotion regulation. Our findings should
encourage future studies to investigate the potential use of tDCS to facilitate emotion

regulation in clinical samples, such as depression and anxiety disorder.

4.5 Limitations

There are certain limitation to this study that are important to consider. First, an
additional active stimulation site would have improved the specificity of the results.
With the present study design we cannot answer the question if stimulation of any other
brain region besides the dIPFC would have resulted in similar effects. Future studies
should continue investigating the effect of tDCS in modulating other brain regions
related to cognitive reappraisal. Second, we did not include an additional control task to
investigate the possible effects of tDCS on other cognitive domains such as working
memory or executive functioning. However, from literature it is known that cognitive
reappraisal is among the most cognitively complex strategies that involves a number of
cognitive processes such as selective attention, working memory, performance
monitoring, selecting and inhibiting responses (Ochsner et al. 2012). Given the role of
the dIPFC in working memory and attention processes (Curtis et al. 2003; Wager et al.
2004) however, it seems plausible that the effect of tDCS shown in our study is not
specific to cognitive reappraisal but also be contributed to an enhancement in other
cognitive domains.

Third, because tDCS is a technique that changes brain activity in two areas (under the
anode and cathode electrode) one may argue that cathodal stimulation of the right
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supraorbital area might be responsible for the observed effects. For example, several
neuroimaging studies have identified a network of cognitive reappraisal that also
comprises the orbitofrontal cortex (Ochsner and Gross 2005). We did not directly
control for that possible confound by including a control condition (e.g. anodal
stimulation over the occipital cortex and cathodal stimulation over the supraorbital
cortex). However, we addressed this problem by using a large cathode electrode (10 X
10 cm?). Using a very large electrode should result in functionally unipolar tDCS, which
has been demonstrated to be by Nitsche et al. (2007). Fourth, we also cannot rule out
the possibility that increasing the excitability of the dIPFC activity may also have
modulated the response of other nearby located brain regions. Given the complexity of
the emotional regulation network, further brain imaging studies are needed to elucidade

the role of tDCS in modulating cognitive reappraisal.

4.6 Conclusion

The present study shows that the application of prefrontal tDCS enhances cognitive
control during the reappraisal of negative emotions. By showing a relationship between
prefrontal tDCS and reappraisal success, our results specifically confirm and expand the
role of the dIPFC as an important part of the emotional regulatory circuit. Given the
limitations of the present study mentioned above, our findings, however, need to be
replicated and complimented by further studies. Nevertheless, these results may open
up new possibilities for the use of tDCS as an add-on treatment in patients showing

dysfunctional emotion regulation capacities.
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5 General Discussion

5.1 Integration of findings

The present dissertation aimed to identify different pathways of enhancing core
processes of social cognition such as emotion recognition and mentalizing as well as
emotion regulation.

In study 1, we used a pharmacological approach and aimed at characterizing beneficial
effects of intranasal OXT application on the ability to correctly identify avoidance-
related emotional expressions. In addition, we were particularly interested whether the
effects of OXT on recognizing emotional faces are altered by ELS experience. Our results
demonstrate that OXT improved the ability to recognize avoidance-related emotional
faces as compared to approach-related emotional faces. Most importantly, whereas the
performance for avoidance-related emotions in participants with more ELS experience
was comparable in both OXT and placebo condition, OXT particularly enhanced emotion

recognition in participants with less ELS experience.

Our results replicate previous studies showing that emotional information from faces is
recognized better following OXT application (for a review see Van Ijzendoorn and
Bakermans-Kranenburg 2012). Interestingly, this effect was only observed for
avoidance-related emotions. This finding is compatible with previous studies, reporting
that OXT increases socially oriented or approach-related behaviors and attachment (for
a review see Heinrichs et al. 2009). Hence, the effect of OXT seems to be more beneficial
for emotional faces that require approach for successful identification, namely
avoidance-related emotions. Apparently, the effect of OXT on emotion recognition
depends on motivational processes to approach or avoid the presented stimuli (Kemp
and Guastella 2011).

Regarding the result that especially participants with less ELS experience benefited
most from OXT administration, our data is in line with previous studies indicating that
oxytonergic effects on prosocial behaviour are lowered or absent in individuals with
adverse experiences during childhood (Meinlschmidt and Heim 2007; Riem et al. 2013;
Van Ijzendoorn et al. 2011). This interpretation is supported by an interesting train of
evidence regarding the epigenetic regulation of the gene coding for the OXT receptor
(OXTR, for a review see Kumsta et al. 2013). It has been suggested that single nucleotide

polymorphisms (SNPs) in OXTR are associated with structural and functional
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modulations in the limbic circuitry. These regions involve the hippocampus, cingulate
gyrus and amygdala that play an important role in social cognition. Consequently, social
cognition and behavior can be modulated by variations in OXTR (Meyer-Lindenberg and
Tost 2012). It has also been shown that epigenetic states of genes can be affected by
environmental factors, specifically by those that happen in sensitive periods early in
development. ELS experience such as emotional neglect or physical abuse are therefore
likely to affect the development of the central nervous OXT system by altering OXTR
methylation (Bakermans-Kranenburg and van Ijzendoorn 2013; Francis et al. 2000;
Winslow et al. 2003). This may in turn lead to decreased sensitivity for OXT
administration. Kumsta et al. (2013) suggests that the impact of ELS experience on
individual socio-emotional functioning is mediated by alterations of central OXT
signaling. Additional findings from our own group strengthen this argument about
individual differences in reactivity to OXT as a function of ELS experience. For example,
Fan et al. (2014) showed that ELS experience decreases resting state functional
connectivity between between the right amygdala and the pregenual anterior cingulate
cortex. This indicates that the observed changes in functional connectivity may underlie
the altered sensitivity to OXT application following ELS experience.

Another study from our group demonstrates that the OXT induced effects in participants
with a history of ELS could be even detrimental as compared with participants without
early life stress experience (Grimm et al. 2014). Consequently, OXT administration in
such participants should be considered carefully. Consistent with this idea, OXT has
been shown to actually hinder trust and cooperation in participants with Borderline
Personality Disorder (BPD, Bartz et al. 2011a). Given the fact that high levels of ELS
experience have been reported in individuals with BPD, ELS might moderate this

detrimental effect.

To summarize, whether OXT promotes or hinders prosocial behaviour and social
cognition seems to depend on the individuals and their social experiences. In other
words, OXT may facilitate prosocial behavior and social cognition but an adverse

personal history may reduce these potentially beneficial effects.

In study 2, we investigated a more complex social cognitive process, namely the ability
to infer mental states of others. We showed that a single dose of intranasally

administered OXT enhances mentalizing abilities. This effect was only observed for
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difficult items. Regarding the question whether the effect of OXT on mentalizing is
moderated by individual differences in empathy, we demonstrated that only
participants with lower empathy scores benefited from OXT application. Given our
results from study 1, it is important to note that we controlled for ELS experience in our

analysis.

Our findings replicate previous studies about OXT as an enhancer of mentalizing
abilities (Domes et al. 2007b; Luminet et al. 2011). However, only those participants
who are less attuned to social information (i.e. who are less empathic) benefited from
OXT. An interpretation of this effect might be that OXT facilitates the perceptual salience
processing of social cues. This enhancement of salience for social cues might in turn lead
to increased selective attention to these cues. Supporting this notion, recent studies
showed that OXT increases gaze to the eye region, thus accentuating cues that are highly
relevant for interpersonal communication (Andari et al. 2010; Guastella et al. 2008a).
Consistent results were found in a recent animal study that reports an OXT-induced
increase in attention to the eye region in rhesus monkeys (Dal Monte et al. 2014).
Consequently, it might be more helpful for less empathic participants to increase
awareness of socially relevant information in the environment to correctly identify
mental states of others. On the other hand, OXT had no impact in participants with
already high levels of empathy. This explanation is consistent with previous studies that
highlight the importance of considering individual differences to better predict the
reactivity to OXT application (for a review see Bartz et al. 2011b).

To summarize, the results from study 1 and study 2 suggest that OXT application can be
effectively used to facilitate the recognition of basic emotional expressions as well as
more complex mental states of others. In addition, the results highlight the importance
of considering environmental factors and socio-emotional skills when examining
oxytocinergic effects on social cognition. These findings lead to possible implications for

future studies which will be discussed later in this chapter.

There are some limitations that need to be acknowledged. The facial stimuli used in
study 1 and study 2 were not animated. To increase ecological validity, future studies
should develop experimental tasks including more interpersonal situation and real-life
contexts. Another limitation lies in the fact that we only included male participants in

both studies. Previous studies have reported gender differences in OXT dependent
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effects (Domes et al. 2010; Lischke et al. 2012b) indicating that our results might not be

generalizable to women.

In study 3, we used tDCS to investigate the effects of increased dIPFC excitability on
cognitive reappraisal as indexed by subjective emotional arousal ratings and SCR. While
previous studies have demonstrated the efficacy of tDCS in modulating cognitive-
affective processes (Boggio et al. 2009; Pefia-Gémez et al. 2011), this is the first study to
show the potential use of tDCS as a tool to modulate cognitive reappraisal. We
demonstrated that anodal tDCS over the right dIPFC during downregulation resulted in
lower arousal ratings and decreased SCR. The opposite pattern was observed for the
upregulation condition in which anodal tDCS resulted in higher arousal ratings
accompanied by marginally enhanced SCR. A considerable strength of this study is the
inclusion of gaze fixation analysis to control for attentional deployment during the task.
No differences in gaze fixation patterns between the anodal and sham stimulation group
were observed. Therefore, it can be concluded that the observed differences in arousal
ratings and SCR between the groups do not reflect changes in attentional deployment
but rather underly modulations of cognitive reappraisal processes. Our data indicates
that tDCS facilitates cognitive reappraisal in both directions by either increasing or
decreasing emotional responsiveness depending on the regulatory goal. By showing a
relationship between prefrontal tDCS and reappraisal success, our results specifically
confirm and expand the role of the dIPFC (Eippert et al. 2007; Ochsner et al. 2004) as an
important part of the emotion regulation circuit. This may open up new possibilities for
the use of tDCS as an add-on treatment in patients showing dysfunctional emotion
regulation capacities.

In the last years, tDCS has emerged as a promising therapeutic intervention in the
treatment of affective disorders. However, clinical trials have reported mixed results
concerning the efficacy of tDCS with regard to response and remission rates. A meta-
analysis on the clinical use of tDCS in the treatment of depression proposes that active
tDCS is more effective than sham tDCS in the reduction of depressive symptoms (Kalu et
al. 2012). However, recent meta-analyses by Berlim et al. (2013) and Shiozawa et al.
(2014) conclude that the clinical utility of tDCS as a treatment for MD still remains
unclear. The authors suggest that further studies are needed which include larger
samples, investigate long-term effects of tDCS and specify optimal stimulation

parameters.
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However, there are certain limitations regarding the stimulation protocol that are
important to consider. First, our design would have benefited from an additional active
stimulation site. With the present study design we cannot answer the question if
stimulation of any other brain region besides the dIPFC would have resulted in similar
effects. Future studies should identify the effects of tDCS in targeting other brain regions
related to cognitive reappraisal. Second, we also cannot rule out the possibility that
increasing the excitability of the dIPFC activity may also have modulated the response of
other nearby located brain regions. Given the complexity of the emotion regulation
network, further brain imaging studies are needed to explore the role of tDCS in
modulating cognitive reappraisal.

Third, one may argue that cathodal stimulation of the right supraorbital area might be
responsible for the observed effects. For example, neuroimaging studies investigating
cognitive reappraisal have identified a network that also includes the orbitofrontal
cortex (Ochsner and Gross 2005). We did not directly control for that possible confound
by including a control condition (e.g. anodal stimulation over the occipital cortex and
cathodal stimulation over the supraorbital cortex). However, we addressed this problem
by using a large cathode electrode (10 X 10 cm?). Using a very large electrode should
result in functionally unipolar tDCS, which has been demonstrated to be by Nitsche et al.
(2007). Given the limitations of the study, our findings need to be replicated and

complimented by further studies.

Taken together, the results from all three studies demonstrate the effectiveness of both
tDCS and pharmacological challenge using OXT application in enhancing core social
cognitive processes. Furthermore, the results from study 1 and study 2 indicate that OXT
seems to play a more nuanced role in social cognition and strongly depends on baseline
socio-cognitive skills such as empathy as well as environmental factors such as history
of ELS.

Although OXT has been successfully used in targeting social cognition in healthy subjects
and clinical samples, there is still an ongoing debate about the underlying processes of
oxytocinergic effects. However, recent reviews (Guastella and MacLeod 2012; Modi and
Young 2012) on the current research about OXT effects on social processing propose the

following mechanisms:
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1. OXT enhances early allocation of selective attention towards socially-relevant
stimuli.

2. OXT increases cognitive appraisal of affect from socially-relevant information.

3. OXT facilitates memory processes for socially-relevant information.

4. OXT magnifies the degree to which socially-relevant information is appraised in a
positive manner.

5. OXT links the encoding of socially-relevant stimuli to social reward and

reinforcement

Our results from study 1 and study 2 support the view that OXT increases cognitive
appraisal from socially-relevant information. That is, participants showed better
performance in recognizing basic emotions and more complex emotional states from
facial expressions. In study 1, the duration of the face stimuli presentation during the
task was set to 200 ms. As reflected in higher accuracy rates for avoidance-related
emotions in the OXT group, the pharmacological challenge seems to facilitate early
allocation of selective attention. However, this remains an interpretation since we did
not use additional methods such as eye tracking or pupillometry to directly assess
changes in attention. Although we also did not directly test memory processes in study 1
and study 2, previous results from the same study sample show that OXT improves
memory performance for negative social stimuli (Weigand et al. 2013). Interestingly,
this effect was more pronounced when participants had been instructed to increase
their negative emotions during encoding using cognitive reappraisal strategies. Our data
also provides evidence for another possible mechanism that is disregarded in the above-
mentioned reviews, namely the role of OXT in enhancing approach-related behaviors

and attachment.

The findings from study 2 indicate that especially participants who are less socially
proficient (i.e. who are less empathic) benefit from OXT. This points to possible
implications for OXT in the treatment of the mental disorders, which are characterized
by derogations in core social cognitive domains (as described in chapter 1.1.1, 1.1.2 and
1.1.3). Indeed, evidence for OXT as a means to enhance social cognitive processes has
received heightened attention in the last years. Recently, animal models investigating
the OXT system have been used to understand the biological mechanisms of mental

disorders, which are associated with impaired social cognition. They suggest that
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modulation of the OXT system might be a powerful strategy for pharmacological
treatments of these social cognitive impairments (Modi and Young 2012). Specifically, it
has been shown in animals that OXT ameliorates social cognitive processes such as

social information processing and recognition (Ferguson et al. 2001; Jin et al. 2007).

In humans, previous studies have highlighted the effectiveness for OXT in the treatment
of autism spectrum disorder (ASD), which is characterized by severe socio-cognitive
impairments (Lombardo et al. 2011). First evidence suggests that OXT exerts beneficial
effects on various social cognitive domains in ASD on a behavioral (Anagnostou et al.
2012; Andari et al. 2010; Guastella et al. 2010) and neural level (Domes et al. 2013a).
Given the evidence that ASD is associated with avoidance of eye contact (Kliemann et al.
2010), the beneficial use of OXT in enhancing gaze shift to the eye region (Gamer et al.
2010) seems promising. In addition to these findings, OXT application has been found to
reduce hyperactivity in social anxiety disorder (Labuschagne et al. 2011) and improve
certain components of social cognition in schizophrenia (Gibson et al. 2014). A recent
review by Modi and Young (2012) underlines the potential of OXT as an add-on-
treatment for behavioral therapies. The authors propose, that OXT could facilitate the
acquisition of social skills such as mentalizing and emotion recognition as taught in a
behavioral therapy program.

The above-mentioned studies support the potential role for OXT in improving key social
cognitive processes that are impaired in various mental disorders. Although recent
findings are encouraging, the results need to be treated with caution. Human long-term
administration studies are needed to clarify long-term effects of OXT treatment, to
better understand which specific domains of social cognition can be targeted, and to

come up with clinical recommendations (Preti et al. 2014).

Further work could also help to elucidate which brain circuits are modulated by OXT
challenge. There is a growing body of research investigating specific brain regions that
are affected by OXT application. For example, recent studies indicate that modulation of
amygdala activity by OXT might be responsible for the alterations in attentional
processes (Gamer et al. 2010; Meyer-Lindenberg et al. 2011; Striepens et al. 2012).
However, much less is known about more complex neural networks underlying core
social cognitive processed that are modulated by OXT. Only a few studies have

investigated OXT-induced changes in functional connectivity (Fan et al. 2014; Sripada et
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al. 2013). For example, an interesting study by Gamer et al. (2010) found that enhanced
gaze shift to the eye region after OXT application is mediated by increased functional
coupling of the posterior amygdala with the superior colliculus. Furthermore, OXT has
been found to enhance resting-state connectivity between the amygdala and the medial

frontal cortex (Sripada et al. 2013).

Most of the research on OXT effects on social cognition has been conducted without
considering individual differences in OXT sensitivity (Guastella and MacLeod 2012).
This is surely necessary to first of all prove the ability of OXT to enhance the processing
of socially relevant information. However, individual differences are suggested to alter
the reactivity to OXT application. Thus, the present findings highlight the necessity of
considering socio-emotional competencies and individual biographical factors when
investigating the effects of OXT on social cognitive processes. This would be in line with
the general idea of personalized medicine in psychiatric treatment, which is proposed to
improve individualized diagnostic and therapeutic strategies as a means to enhance
treatment efficacy and safety (Zajkowska et al. 2014). Additionally, personalized
medicine might allow for a better individual prediction of the treatment outcome.

As indicated by Churchland and Winkielman (2012) “both biological and psychological
factors can easily turn a relatively broad physiological effect into what may deceivingly
appear to be a narrow behavioral effect” (page 397). This observation gains empirical
evidence from the results of study 1 and study 2. That is, we were able to show that OXT
has no additional effect for participants with higher baseline socio-emotional abilities as
well as for participants with higher levels of ELS experience. Future OXT studies on
social cognition in healthy subjects should therefore include additional measures to
identify both participants with lower and higher baseline socio-emotional skills as well
as participants with and without a history of ELS. This approach might help to avoid
false negative results.

Furthermore, previous studies also suggest that OXT application can even have a
derogatory effect in participants with a history of ELS (Grimm et al. 2014) and in
patients with BPD (Bartz et al. 2011a). Consequently, the author suggest that OXT
administration in such participants should be considered carefully to guarantee
treatment safety. Given the growing interest for OXT studies in the treatment of mental
disorders, future studies should control for ELS experience in clinical samples to avoid

detrimental effects following OXT application.
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To summarize, the previously mentioned findings support the importance to identify
variables that account for personal variability in response to OXT application. Future
research is therefore needed to identify key markers that might result in improved
predictions about which participants benefit most from OXT application. These key
markers should involve variables such as the here investigated baseline socio-emotional
abilities (Bartz et al. 2011b) and environmental factors (Bakermans-Kranenburg and
Van ljzendoorn 2013). Further studies are needed to investigate other variables such as
genetic factors (Kumsta et al. 2013), gender (Domes et al. 2010), relationship status
(Scheele et al 2012), contextual factors (De Dreu et al. 2010) and psychiatric condition
(Bartz et al. 2010). Furthermore, application factors such as dosage should be
incorporated into the model (Goldman et al. 2011). Given the substantial evidence about
the effects of OXT on social cognition, endeavor to link basic and clinical research in the
field of neuropeptides and social behavior is promising. This approach might enable
researchers to better understand variation in OXT sensitivity, thus facilitating the

development of individual therapeutic strategies.

5.2 Perspectives

In study 1 and study 2, we investigated OXT effects on core social cognitive processes
such as facial emotion recognition and mentalizing. In the next step, we aimed to further
explore a possible explanatory mechanism for the observed OXT effects on these
processes on a neural level, namely the modulation of selective attention (Andari et al.
2010; Guastella et al. 2008a; Schulze et al. 2011). Given our results from study 1, we
were interested in potential modulatory effects of ELS experience on OXT effects.

With regard to the model of cognitive control of emotions by Ochsner et al. (2012),
selective attention enables attention to be allocated to specific foci by suppressing the
processing of task-irrelevant information. Individual differences in selective attention
can be investigated with the emotional interference control task (Etkin et al. 2006). In
this task, emotional interference results from incompatibility between the task-relevant

and task-irrelevant information of the stimulus (see Figure 13).
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5s congruent (C) incongruent (1)

Fig. 13 Emotional interference task. Basic stimulus material consisting of congruent and
incongruent facial expressions/word pairs from eight subjects of the Ekman faces
collection (fearful and happy facial expressions; words ‘happy’ and ‘fear’). Each 38
randomized stimuli were presented in six blocks with jittered interstimulus interval.

Accuracy and reaction times for the detection of facial expressions are recorded for each
trial. In this task, participants need to specifically shift their attention to relevant
features of the face in order to control the interference caused by the automatised word
reading. One might hypothesize that OXT decreases emotional interference by directing
attention to relevant features of the face (for example the eye region).

Using this task, it has consistently been demonstrated that incongruent vs. congruent
trials are associated with longer reaction times and lower accuracy rates (Chechko et al.
2009; Etkin et al. 2006). Additionally, a number of studies in recent years have
investigated the underlying neuronal circuit of interference control. Specifically, it has
been shown that the anterior cingulate cortex (ACC), the dIPFC and the ventral medial
prefrontal cortex (vmPFC) are engaged while participants attempt to control emotional
interference (Egner et al. 2008; Etkin et al. 2006; Haas et al. 2006; lordan et al. 2013).
Increased activation in these regions has been observed for inconguent vs. congruent
trials. The amygdala seems to reflect the amount of interference with elevated activation

in inconguent vs. congruent trials. (Egner et al. 2008; Etkin et al. 2006; Han et al. 2013).

Our study had two main objectives. First, we hypothesized that OXT application would
result in an improved recognition rate and faster reaction times for incongruent >
congruent trials as compared to the placebo condition. Second, we predicted functional

differences between the two experimental conditions in the interference control
73



5 General Discussion

network. Specifically, we expected enhanced activation in the ACC and dIPFC and
attenuated activation in the amygdala following OXT application.

27 male subjects, aged between 21 and 36 years (mean age= 28.7 SD= 4.3) participated
in this double-blind, within-subjects, placebo-controlled trial. All subjects were recruited
out of a preexisting psychologically and somatically healthy community-dwelling sample
and were screened for psychiatric disorders. They received either OXT (Syntocinon
Spray; Novartis, Basel, Switzerland) or a placebo intranasally in two separate
experimental sessions. Functional data were acquired on a Siemens Trio 3T scanner
using a standard echo planar imaging sequence.

Our preliminary analysis revealed the following results: Independent of OXT application,
we observed the expected pattern of longer reaction times and decreased accuracy rate
for incongruent vs. congruent trials. However, no effect for OXT application on accuracy
and reaction times was found. In addition, ROI analysis revealed no differences in
activation for OXT application vs placebo in the previously defined regions.

Interestingly, we observed differences in the interference control network as a function
of ELS experience. That is, independent of OXT application, participants with a history of
ELS experience showed stronger recruitment of the amygdala in the incongruent fear >
congruent fear condition. Furhermore, increased ACC activation for incongruent happy
> congruent happy trials was found. In the next step, functional connectivity analyses
need to be conducted as well as a possible interaction between OXT application and ELS

experience needs to be investigated.
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