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brain [2,29,30]. OT is synthesized in magnocellular neurons in the paraventricular and supraoptic
nuclei of the hypothalamus [36]. In the brain, OT travels along the axonal projections from
parvocellular neurons of the hypothalamus to other brain areas, such as the amygdala,
hippocampus, striatum, suprachiasmatic nucleus, bed nucleus of stria terminalis, and brainstem
[31,36]. OT actions are mediated by specific OT receptors found in a variety of brain regions. For
example, animal and human postmortem studies have shown the presence of OT receptors in
the hypothalamus, thalamus, globus pallidus, substantia nigra, caudate, amygdala, and insula
[37]. A recent study [38], using arterial spin labeling to measure in vivo regional cerebral blood
flow (rCBF) changes in humans, showed IN-OT-induced rCBF changes in multiple brain regions
expected to express OT receptors, including core regions of the brain circuitry mediating social
and affective processes. Most importantly, numerous functional magnetic resonance imag-
ing (fMRI) studies have examined OT influences on neural substrates of multiple socio-affective
processes in humans and have shown OT effects on multiple brain regions (pharmacological
fMRI; Box 1).

To elucidate the multiple neuropsychological mechanisms through which OT promotes social
adaptation, here we first review fMRI studies that examine the effects of IN-OT on socio-
affective processes and corresponding neural activity in healthy individuals. We then review
OT-fMRI studies of clinical populations that show evidence that OT ameliorates impaired social
adaptation in individuals with social deficits. Next, we propose a SAM of OT according to
which the fundamental function of OT is to enhance the capability to adapt to the social
environment (Figure 1). OT has important roles in social behaviors and emotional processes
that are necessary for social adaptation. This model also helps to explain discrepant effects of
OT and the modulations of OT effects by personal milieu and 
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Glossary
Autism spectrum disorder (ASD):
a range of conditions classified as
neurodevelopmental disorders in the
DSM-V. The DSM-V redefined the
ASD to encompass the previous
(DSM-IV-TR) diagnoses of autism,
Asperger syndrome, pervasive
developmental disorder not otherwise
specified (PDD-NOS), and childhood
disintegrative disorder. These
disorders are characterized by social
deficits and communication
difficulties, stereotyped or repetitive
behaviors and interests, sensory
issues, and, in some cases, cognitive
delays.
False belief: the recognition that
others can have beliefs about the
world that are diverging. Gaining the
ability to attribute false belief is critical
in the theory of mind development.
To gain false belief ability, one has to
understand that people's beliefs are
based on their own knowledge, that
mental states can differ from reality,
and that people's behavior can be
predicted by their mental states.
Functional connectivity: the
connectivity between brain regions
that share functional properties. More
specifically, it can be defined as the
temporal correlation between spatially
remote neurophysiological events,
expressed as deviation from
statistical independence across these
events in distributed neuronal groups
and areas. This applies to both
resting state and task-state studies.
Functional magnetic resonance
imaging (fMRI): a noninvasive
method for recording blood
oxygenation level-dependent signals
that have high spatial resolution and
are used to examine brain activations
associated with specific stimuli or
tasks, or the intrinsic activity of the
brain during a resting state.
Oxytocin (OT): an evolutionarily
conserved neuropeptide hormone
that is known for its regulation of
anxiety, initiation of positive social
interactions, and promotion of social
cognition. In the brain, OT travels
along the axonal projections from
parvocellular neurons of the
hypothalamus to different areas,
including the amygdala,
hippocampus, striatum,
suprachiasmatic nucleus, bed
nucleus of stria terminalis, and
brainstem.
Pharmacological-fMRI: a technique
combining fMRI with a

OT Promotes Social Adaption through Multiple Neuropsychological
Mechanisms
Early behavioral findings that IN-OT suppressed subjective and physiological responses to
psychosocial stress [15] and increased prosocial behaviors during economic investment [26]
inspired the first IN-OT fMRI study of the influence of OT on brain responses to threats [10]. Since
then, an increasing number of IN-OT fMRI studies have examined the neural basis for the impact
of OT on social and affective processes (see Table S1 in the supplementary material online for a
summary of IN-OT fMRI studies). The IN-OT fMRI studies reviewed here provide neuroscience
evidence for the neuropsychological mechanisms underlying OT effects on social adaptation,
including 
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the complexity of the attenuating effect of OT on amygdala activity by revealing that the OT
effect can be modulated by eye gaze [42,48,55] and eye whites of the fearful faces [43], and
perhaps mediated by different subregions of the amygdala [42]. In addition, IN-OT affected
functional connectivity between amygdala and other brain regions, during both socio-affective
tasks [10,42,47,49,52,56–59] and rest [60–63]. Interestingly, recent work has indicated
homologies between macaque monkeys and humans in the neural circuits mediating the
OT effects on negative emotion. Specifically, in response to negative emotional facial expres-
sion, OT-induced modulation of the amygdala, as well as other face-responsive regions, was
recently reported for macaque monkeys treated with IN-OT. IN-OT also selectively reduced
functional connectivity between the amygdala and areas in the occipital and inferior temporal
cortex.

As well as modulating amygdala responses, OT also influences other regions of the neural
circuitry underlying emotional reactivity and emotion regulation. In response to negative affect,
IN-OT reduced activity in brain regions shown to mediate negative affective experiences [64–69],
including the anterior cingulate cortex (ACC [43,48,52,53]), anterior insula (AI [27,44,54]),
midbrain [27,44,50], orbitofrontal cortex (OFC [50,51,53]), and thalamus [11,19,44]. By con-
trast, IN-OT may increase the capacity to regulate negative affect by increasing activity in the
medial prefrontal cortex (mPFC [19,48,49]), ventral lateral prefrontal cortex (vlPFC
[13,48,50,52,70]), and dorsal lPFC [49,70], which comprise the neural circuits for automatic
and effortful regulation of emotion [66,71,72].

Taken together, these findings highlight two OT effects on negative affect; that is, decreasing
brain reactivity to negative emotion and increasing neural activity involved in emotion regulation.
These effects may in turn influence social behavior and benefit individuals socially by reducing
social withdrawal, encouraging social involvement, evoking initiation of social interaction, and
even helping with recovery from previously experienced negative social interactions. Thus, OT
promotes social adaptation by downregulating social anxiety and/or stress and facilitating social
interaction.

Promotion of Social Motivation
Another mechanism through which OT may promote social adaptation is by facilitating intrinsic
reward and motivating individuals to initiate and maintain social interactions. Several IN-OT fMRI
studies provide neural evidence for this mechanism [42,52,70,73–78]. For example, Scheele
and colleagues [73] examined OT effects on interpersonal touch, a behavior conveying highly
salient socio-emotional signals in primates [79,80]. After IN-OT or placebo, heterosexual male
adults were scanned while they believed they were being touched by either a man or a woman,
although in reality were always touched by the same experimenter. When participants believed
they were being touched by a woman (not a man), IN-OT increased the perceived pleasantness
and neural responses in the insula, precuneus, pregenual ACC (pgACC), and OFC, which are
regions shown to mediate reward [64,65]. This suggested that OT increased the perceived
hedonic value of heterosexual interpersonal touch [73]. IN-OT also increased neural responses in
other reward-related brain regions [including ventral tegmental area (VTA), putamen, caudate,
insula, nucleus accumbens (NAcc), and midbrain] while viewing positive social stimuli (e.g.,
happy face [42,70] or partner's or own child's images [75,76]), anticipating social reward [74],
and engaging in positive social interactions (e.g., cooperation with others [52,77,78]). The OT-
induced hyperactivity in the reward system provides a neural basis for a possible role of OT in
attributing reward value to social contexts, thereby facilitating motivation to initiate social
interactions, stay connected with others, and solidify social relations. Although OT-induced
hyperactivity in the reward-related system has been repeatedly reported in men [42,52,73–76],
there is a potential gender difference [77,78], with a less consistent, potentially more compli-
cated picture for women [57,70,81,82].

pharmacological challenge, which
shows promising results in assessing
the integrity of various
neurotransmitter systems. This
technique is sensitive to changes in
blood oxygenation as a result of
neuronal activity in response to
pharmacological challenges and,
therefore, provides an index of
neurotransmitter function.
Salience neural network: adaptive
behavior depends on appropriately
selecting stimuli to which we assign
salience. The salience neural network
responds to behaviorally salient
events and comprises three main
cortical areas: the dorsal anterior
cingulate cortex, the anterior insula,
and the inferior frontal gyrus [119].
The activity within the salience
network signals the need for
behavioral change [120] and often
relates to the regulation of activity in
other networks [121].
Social anxiety disorder (SAD): also
known as social phobia; an anxiety
disorder characterized by an intense
fear in social situations causing
considerable distress and impaired
ability to function in at least some
parts of daily life. These fears can be
triggered by perceived or actual
scrutiny from others.
Social salience: given the limited
perceptual resources of the human
brain, the detection of salience of
stimuli is considered a key attentional
mechanism that enables focusing on
important information. Social salience
refers to increasing the contrasts
between social and nonsocial stimuli.
By framing OT effects in terms of
their modulatory role on assignment
of salience, the social salience
hypothesis of OT proposes that the
behavioral effects of OT are highly
dependent on the degree to which
social cues are made relevant in
comparison to nonsocial cues.
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Facilitation of Social Salience
Humans are social creatures, and a high level of social sensitivity is important for the adaptation
of individuals to the social environment. While early OT behavioral studies have suggested that
IN-OT promotes prosociality [26,27], recent research revealed that the social influences of OT
vary across social contexts rather than being always positive. For example, IN-OT can increase
antisocial behaviors, including violence [83] and envy [84]. The incongruent findings have been
proposed to reflect a general role of OT in increasing the salience of social cues that is sensitive to
social contexts and individual differences [85,86].

Several IN-OT fMRI studies have uncovered the neural basis of OT effects on social salience.
Groppe et al. [74] investigated OT effects on the neural processing of socially salient cues and
showed that IN-OT enhanced VTA activity to cues signaling social punishment (angry face) in
addition to social reward (friendly face). Furthermore, IN-OT increased activity in brain regions
related to reward (e.g., NAcc, striatum, and OFC) and social processing (posterior superior
temporal sulcus and premotor cortex) during social judgments and decrease activity in these
regions during nonsocial judgments [87]. It has also been demonstrated that IN-OT also
increases functional connectivity between amygdala and the saliency network, such as insula
and caudate [52,58]. Moreover, an OT-driven increase in functional connectivity between
amygdala and insula/caudate has been associated with improved social learning [58]. It has
been suggested that the increased salience of social cues following OT is related to enhanced
attentional orienting to social stimuli [88]. In support of this proposition, it was found that IN-OT
enhances attentional orientation to the eye regions [89], possibly by modulating amygdala
activity [42]. By increasing social salience through modulating attention to, and perception of,
social cues, OT improves sensitivity to social signals, which assists the processing of social
information and helps individuals to prepare for social engagement and social consequences, so
as to adapt to social environments. Given that directing attention and assigning saliency to
relevant information is regulated by the dopaminergic system [90], it is possible that OT exerts
these effects by altering attentional neural mechanisms through its interaction with the dopa-
minergic system (Box 2).

OT Facilitates Social Adaptation in Individuals with Social Dysfunction
The findings of OT neural effects in regulating negative affect and facilitating social cognition have
inspired an increasing number of clinical trials using IN-OT to treat social deficits in several
psychological disorders. IN-OT fMRI studies in clinical groups with specific deficits in emotion-
regulation and social cognition have helped researchers further understand specific neural
mechanisms through which OT may act on the symptoms. Here, we mainly review OT effects
on brain activity in SAD and ASD (two types of psychological disorder typically characterized by
social dysfunction), given that IN-OT fMRI studies of clinical populations have mainly examined
OT effects in patients with these conditions (see [33–35] for systematic reviews of IN-OT
behavioral effects on other psychological disorders, such as depression, schizophrenia,
etc.). Although through different neural networks, OT has been shown to affect patients with
SAD and ASD toward the same end, making them resemble healthy individuals in the capacity of
social adaption [12,45,56]. These IN-OT fMRI studies provide neural evidence that OT promotes
social adaptation in individuals with social dysfunction.

Patients with SAD experience intense fear in social situations [91,92] and show amygdala
hyperactivity to threatening social cues (such as fearful, angry faces [93–95]). Thus, one line of
research has investigated how OT modulates affective neural responses in such patients
[12,45,56,60]. In a double-blind placebo-controlled within-subjects design, Labuschagne
et al. [12] measured amygdala activity to fearful, angry, and happy faces in an emotion-match
task in which 18 patients with SAD and 18 healthy controls were asked to select one of two faces
to match the emotion of a target face following IN-OT (24 IU) and placebo. Patients with SAD
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(relative to healthy controls) exhibited amygdala hyperactivity specifically to fearful faces, which
was significantly attenuated by IN-OT to a level comparable to that in healthy controls. Subse-
quent studies showed that, in patients with SAD, IN-OT normalized hyperactivity in the mPFC
and ACC to sad faces [45] and influenced functional connectivity between subregions of the
emotional network [56,60]. While patients with SAD showed weaker amygdala-frontal connec-
tivity [96,97], IN-OT normalized the amygdala-frontal hypoconnectivity in these patients during
rest and when perceiving fearful faces [56,60]. By normalizing the abnormal neural responses
(amygdala hyperactivity and amygdala-frontal 



[100]. Relative to typically developed individuals, when patients with ASD were asked to make
friend or foe judgments based on verbal (i.e., emotionally positive or negative word) or nonverbal
(i.e., emotionally positive or negative facial and vocal expressions) social information, they made
nonverbal-based judgments less frequently and more slowly, and showed reduced activity in the
prefrontal (ACC, mPFC, and IFG) and AI during nonverbal-based social judgment [100]. IN-OT
significantly increased the frequency and speed of nonverbal-based judgments and increased
the originally diminished brain activity in the PFC in patients with ASD. The same research group
further examined OT behavioral and neural effects in inferring other's social emotion or beliefs
separately in ASD. In the case-control study, 17 men with ASD were asked to infer the social
emotions or beliefs of the character in a typical false belief story (a modified false belief task)
after NI-OT or placebo [101]. The authors reported that, when patients with ASD inferred the
social emotions of characters in a typical false belief story, they showed diminished behavioral
performance and weakened neural responses in AI [101]. IN-OT significantly improved the
originally diminished performance of patients with ASD and increased their brain activity in
the right AI, anterior middle temporal gyrus, and IFG when inferring others’ social emotions.
These findings suggested that OT improved social communication by facilitating nonverbal
social judgment and social emotion inference in ASD.

OT produces differential behavioral effects in SAD and ASD (i.e., anxiolytic effects for SAD and
pro-social effects for ASD), as well as differential neural activity associated with social information
processing (i.e., decreasing amygdala and mPFC/ACC responses to negative social signals in
SAD, but increasing amygdala, AI, superior temporal, and prefrontal activity to social information
in ASD). However, the seemingly opposite OT effects in SAD and ASD can be reconciled by
considering that OT promotes social adaptation in both cases. The pattern of OT modulations of
neural activity depends on how the modulation can facilitate social interaction by either reducing
negative affect or enhancing social affective processing. OT takes different neural pathways to
the same end of normalizing the abnormal behavioral and neural responses to a similar level as
that in healthy individuals, facilitating engagement in social interaction with others and adaptation
to the social environment.

In addition, several studies have revealed that OT effects are more evident in patients than in
healthy individuals [12,45,56,98,99]. This is consistent with the findings in healthy individuals that
the effect of OT is stronger in less socially proficient individuals [17,18,25,104]. For example,
IN-OT improves empathic accuracy selectively in less socially capable individuals [25], enhances
mentalizing accuracy specifically in individuals with lower empathy scores [104], and facilitates
stress regulation only in individuals with low emotion regulation abilities [17]. Thus, OT may
improve social adaptation to a greater degree in those with lower social capabilities, but produce
less pronounced effects in those who already adapt well to the social environment.

A Social Adaptation Model of OT Effects
Here, we propose a SAM to understand the OT effects revealed in the literature. According to
SAM, the fundamental function of OT is to promote social adaptation by modulating emotional
responses and adjusting behaviors during social interactions. At the neural level, OT promotes
social adaption by modulating brain activity in the emotion reaction and regulation networks, the
reward network, and the saliency network. OT can rectify either hyper- or hypoactivity in
individuals experiencing social dysfunction so as to adjust their social and affective processes,
and help them fit into social environments. At the psychological level, OT can reduce negative
affect associated with social stimuli, increase positive emotions and rewarding experiences
during social interactions, and make social signals salient by facilitating attentional and percep-
tual processing of social information. These effects together help individuals to initiate and
maintain social communication, social interaction, and social relations, thus improving their
adaptation to the social environment (Figure 1).



The SAM of OT function can reconcile the seemingly incongruent OT effects. We take the effects
of OT on amygdala activity as an example. Opposite OT effects on amygdala activity (i.e., OT-
induced increases versus decreases) have been documented in the literature, but can be
understood within the social adaptation framework. For instance, IN-OT has been shown to
decrease amygdala activity to negative social information, such as negative facial expression
[10,11,14,42–45] and aversive pictures [10,14], but increase amygdala activity during positive
social-affective processes (e.g., cooperation [52,77], social feedback [58], infant and sexual
pictures [81], and happy faces [42]). Both reducing negative and/or threatening experiences and
enhancing pleasant and/or positive experiences during social interaction are adaptive and
facilitative of individual well-being and, thus, produce the same end of promotion of social
adaptation. Furthermore, the OT effect of reduced amygdala activity to negative affect is mainly
observed in men, and several OT fMRI studies of women (using similar paradigms) have reported
opposite OT effects; for example, IN-OT enhanced amygdala activity in response to fearful faces
and threatening pictures in women [70,75] (but see [46]). Such gender-dependent opposing OT
effects can be understood by considering the adaptive value. During evolution, men face higher
level of intrasexual competition and favor risk-taking and status fights, whereas women evolve
adaptively to be cautious and protective of their offspring [105,106]. Attenuated fear of social
threat (possibly mediated by amygdala reactivity decreases) can be beneficial for men in
successful competition with other men [105,106]. However, increased sensitivity and a high
level of fearfulness to social threats (associated with increased amygdala activity) in women can
help them to avoid possible dangers and succeed in securing offspring survival [106,107].
Therefore, the gender-driven opposite OT effects of attenuated or heightened amygdala
reactivity to social threats have an adaptive function in both sexes.

In addition to OT influences in the amygdala, discrepant OT effects in other brain regions can also
be reconciled under the social adaptation framework. For example, in a recent OT fMRI study
[108], after IN-OT or placebo, women were scanned while listening to the same infant crying in
the context of ‘This infant is sick’ or ‘This infant is bored’. IN-OT increased empathy-related
activity in the AI and IFG during exposure to sick infant crying, but decreased activation in these
regions when listening to bored infant crying. The authors suggested that OT enhances
empathic responses to sick crying, but reduces the perceived urgency of bored crying. The
opposing OT effects on the same infant crying labeled as ‘sick’ or as ‘bored’ fit well with the SAM
in that OT flexibly adapts parental responses to infant crying by promoting responsiveness to
necessary needs (sickness) as well as preventing parents from being overwhelmed when there is
no urgency (boredom). This study also provides potential neural mechanisms through which OT
enhances parents’ social adaptation during parent–infant interactions.

Moreover, in apparent contradiction to the anxiolytic effects of OT and associated dampening of
relevant neural responses, IN-OT has been shown to potentiate acoustic startle responses to
negative stimuli, as well as increase subsequent memory toward negative social stimuli com-
pared with neutral items and corresponding insula activity [47]. In accordance with the SAM,
Streipens et al. [47] suggested that such an OT effect is protective by increasing preparedness
for defense. Similarly, a recent fMRI investigation showed that IN-OT facilitates Pavlovian fear
conditioning on both the behavioral and neural levels [109]. Pavlovian fear conditioning, as a
pivotal mechanism for transforming threat into adaptive behaviors, has evolved as an adaptive
mechanism promoting survival and reproductive success [110]. As such, the OT-related
facilitation of Pavlovian fear conditioning may help individuals predict aversive events, suggesting
that OT enables rapid and flexible adaptation to fear signals in social contexts. These findings
lend direct evidence for OT in facilitating social adaptation [47,109].

It is widely observed that the OT effects are modulated by the features of individuals (e.g.,
psychopathology, gender, or personality traits) and contexts (e.g., in- or out-group relations,
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valence socio-affective processes, or interpersonal relationship; reviewed in [86]). To adapt to
the social environment requires sensitivity to interpersonal situations and social contexts. Thus,
the SAM provides an integrative framework for understanding the modulation of personal milieu
and contexts on OT effects. For example, IN-OT promotes in-group favoritism [111,112] and
cooperation [28,111], but increases out-group derogation [112] and defensive aggression [111].
Humans have evolved to facilitate bene� ts of their own group and to defend against competing
out-groups [113,114]. Thus, both OT effects of promoting in-group cooperation and out-group
aggression can be bene� cial for individuals’ social lives. The discrepant OT effects on interper-
sonal relations facilitate adaptation to social environments.

Taken together, these behavioral and neural effects of OT support the SAM, which provides an
integrated framework for understanding the complexity of OT effect on social cognition and
behaviors. However, OT effects of facilitating social adaptation are not limited to the social
domain. Behavioral and fMRI studies have also documented OT effects on nonsocial processes.
For example, IN-OT inhibited subjective rating and neural responses to physical painful experi-
ence [50,51]. The reduced sensitivity and reactivity to physical pain may make individuals less
focused on their own negative feelings and pay more attention to social information, which may
bene� t social interactions.

Clinical  Implications  for  SAM of  OT Effects
We have reviewed evidence of OT effects on modulating behavior and neural responses to
promote social adaptation in healthy and clinical populations. Most published OT fMRI studies
and clinical OT trials examined the effect of a single IN-OT dose and showed its effects on
promoting social adaptation. To date, only a few clinical trials have examined the chronic use of
OT for treating psychological disorders [34,115]. Thus, the therapeutic potential of chronic IN-
OT on social adaptation, which is critical for individuals with social dysfunction, remains elusive
and needs to be addressed by future clinical trials and OT fMRI studies. In a recent randomized,
double-blind, placebo-controlled, crossover trial, Watanable et al. [115] examined the behavioral
and neural effects of 6-week IN-OT on patients with ASD. The treatment reduced autism core
symptoms and enhanced resting-state functional connectivity between ACC and dmPFC.
Moreover, IN-OT signi� cantly mitigated behavioral and neural responses during a social judg-
ment task, both of which were originally impaired in the patients. However, 



of OT function provides a reasonable explanation of why these particular characteristics
modulate the influence of OT. It has been demonstrated in several studies that the influence
of OT on neural activity and behavior is dampened or even reversed in individuals who report
early life stress or childhood adverse events [19,24,62]. The interaction between OT and early life
stress may reflect the maladaptive social behavioral patterns [19,25,116] and interference with
the endogenous oxytocinergic system [117] that childhood adverse events can produce. As
reviewed above, sex can greatly influence OT neural and behavioral effects, with men and
women reacting often oppositely to IN-OT. Differences in the oxytocinergic system may underlie
sex differences in social adaptation patterns (as detailed in the ‘A Social Adaptation Model of OT
Effects’ section), and the clinical use of OT will likely have to consider sex in determining drug
efficacy. Finally, recent research has demonstrated that one's genetic makeup, particularly in
oxytocinergic system genes, can determine the influence that IN-OT has on neural activity
[14,55,118]. Identifying and characterizing the various factors that underlie idiosyncratic
responses of IN-OT in humans continues to be an active area of research and will be vital
for the
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5.9777 0 0 5.97796-23.729347.760651 T(facabilulates)Tj
/F3 1 Tf
.5669 0 0 -.566976.9.133347.760651 T(
( )Tj
/F4 1 Tf
5.9777 0 0 5.977989 5.914347.760651 T(hosocial)Tj
/F3 1 Tf
.5669 0 0 -.5669  935133347.760651 T(
( )Tj
/F4 1 Tf
5.9777 0 0 5.9772 7.38269347.760651 T(approachi.)Tf
18273456 -1.3373 TDbehaviorin)Tj
/F3 1 Tf
.5669 0 0 -.5669 9270752 1390.851 T(
( )Tj
/F4 1 Tf
5.9777 0 0 5.977740280381 1390.851 T(
(in)Tj
/F3 1 Tf
.5669 0 0 -.5669815.2352 1390.851 T(
( )Tj
/F4 1 Tf
5.9777 0 0 5.9779 10059852 1390.851 T(womenal.)Tj
/F3 1 Tf
.5669 0 0 -.5669 0.9.4262 1390.851 T(
( )Tj
/F11 1 Tf
5.9777 0 0 5.9777 214.7105 1390.851 T(Frontal.)Tj
/F3 1 Tf
.5669 0 0 -.566937.776262 1390.851 T(
( )Tj
/F11 1 Tf
5.9777 0 0 5.9777 1394852 1390.851 T(Behaval.)Tj
/F3 1 Tf
.5669 0 0 -.566957.351262 1390.851 T(
( )Tj
/F11 1 Tf
5.9777 0 0 5.977759.363262 1390.851 T(
(Neurosci.)Tj
/F3 1 Tf
.5669 0 0 -.56698 93.3002 1390.851 T(
( )Tj
/F4 1 Tf
5.9777 0 0 5.97798594.6422 1390.851 T(8,es)Tj
/F3 1 Tf
.5669 0 0 -.5667 19355902 1390.851 T(
( )Tj
/F4 1 Tf
5.9777 0 0 5.97799 935902 1390.851 T(8284)Tj
/F8 1 Tf
1.0203 0 TD
(–)Tj
/F4 1 Tf
.5027 0 TD1389)Tj
0 0 0 rg2411.2338 -1.6597 TD
310.)Tj
/F3 1 Tf
.5669 0 0 -.5669 65.3028 127 0 )1 Tm
1 .26 0 .33 k
( )Tj
/F4 1 Tf
5.9777 0 0 5.9777 70.6393 127 0 )1 T(Domechs,)Tj
/F3 1 Tf
.5669 0 0 -.566910024028 127 0 )1 T(
( )Tj
/F4 1 Tf
5.9777 0 0 5.9777365.038 127 0 )1 T(G(S.)Tj
/F3 1 Tf
.5669 0 0 -.566991064328 127 0 )1 T(
( )Tj
/F11 1 Tf
5.9777 0 0 5.9777 121.728 127 0 )1 T(
(et)Tj
/F3 1 Tf
.5669 0 0 -.5669 687.428 127 0 )1 T(
( )Tj
/F11 1 Tf
5.9777 0 0 5.9777 941.1028 127 0 )1 T(
(al.)Tj
/F3 1 Tf
.5669 0 0 -.5669 417.8328 127 0 )1 T(
( )Tj
/F4 1 Tf
5.9777 0 0 5.9777.7.467728 127 0 )1 T(
((2714))Tj
/F3 1 Tf
.5669 0 0 -.56693 93.4938 127 0 )1 T(
( )Tj
/F4 1 Tf
5.9777 0 0 5.97773601.5693 127 0 )1 T(
(Oxytocin)Tj
/F3 1 Tf
.5669 0 0 -.5669 80057538 127 0 )1 T(
( )Tj
/F4 1 Tf
5.9777 0 0 5.9777621064538 127 0 )1 T(improvates)Tj
/F3 1 Tf
.5669 0 0 -.56697114.7293 127 0 )1 T(
( )Tj
8F4 1 Tf
5.9777 0 0 5.97798186.9028 127 0 )1 T(“(–)Tj
/F4 1 Tf369927 0 TDmind-readuring)Tj
8F4 1 Tf
624503 0 TD”ct)Tj
/F3 1 Tf
.5669 0 0 -.5669 22865538 127 0 )1 T(
( )Tj
/F4 1 Tf
5.9777 0 0 5.9772  75.1088 127 0 )1 T(inof)Tj
-2442406 -1.3373 TDhumans.on)Tj
/F3 1 Tf
.5669 0 0 -.566 19200088 133.8511 Tm
( )Tj
/F11 1 Tf
5.9777 0 0 5.97774 -.3262 133.8511 Tm
(Biol.)Tj
/F3 1 Tf
.5669 0 0 -.56690513.4105 133.8511 Tm
( )Tj
/F11 1 Tf
5.9777 0 0 5.9779 107.0493 133.8511 Tm
(Psychiatry)Tj
/F3 1 Tf
.5669 0 0 -.56693 9354405 133.8511 Tm
( )Tj
/F4 1 Tf
5.9777 0 0 5.97773513.9525 133.8511 Tm6136,)Tj
/F3 1 Tf
.5669 0 0 -.5669 -2365705 133.8511 Tm
( )Tj
/F4 1 Tf
5.9777 0 0 5.977745.7.0575 133.8511 Tm
(731)Tj
/F8 1 Tf
1.0203 0 TD
(–)Tj
/F4 1 Tf
.5027 0 TD73335)Tj
0 0 0 rg
6.98625 -1.6692 TD2410.)Tj
/F3 1 Tf
.5669 0 0 -.5669 65.30281123.871 Tm
1 .26 0 .33 k
( )Tj
/F4 1 Tf
5.9777 0 0 5.9777 70.63931123.871 T(Rieimm,)Tj
/F3 1 Tf
.5669 0 0 -.56695.2.83281123.871 T(
( )Tj
/F4 1 Tf
5.9777 0 0 5.9777 81.30021123.871 T(M.M.E.et)Tj
/F3 1 Tf
.5669 0 0 -.5669 682544051123.871 T(
( )Tj
/F11 1 Tf
5.9777 0 0 5.9777 940.47751123.871 T(
(et)Tj
/F3 1 Tf
.5669 0 0 -.5669 213.51051123.871 T(
( )Tj
/F11 1 Tf
5.9777 0 0 5.9777
6.674051123.871 T(
(al.)Tj
/F3 1 Tf
.5669 0 0 -.5669  93944051123.871 T(
( )Tj
/F4 1 Tf
5.9777 0 0 5.977125.2346811123.871 T(
((2014))Tj
/F3 1 Tf
.5669 0 0 -.56694571.01051123.871 T(
( )Tj
/F4 1 Tf
5.9777 0 0 5.97714401.33281123.871 T(
(Oxytocin)Tj
/F3 1 Tf
.5669 0 0 -.5669 687.65151123.871 T(
( )Tj
/F4 1 Tf
5.9777 0 0 5.9771 169.22851123.871 T(
(effects)Tj
/F3 1 Tf
.5669 0 0 -.566970 5655151123.871 T(
( )Tj
/F4 1 Tf
5.9777 0 0 5.97717 88.74051123.871 T(
(on)Tj
/F3 1 Tf
.5669 0 0 -.566995.2609951123.871 T(
( )Tj
/F4 1 Tf
5.9777 0 0 5.9771981088931123.871 T(mind-readuring)Tg
-2120231 -1.3278 TDarthe)Tj
/F3 1 Tf
.5669 0 0 -.5667892012850123.6511 Tm
( )Tj
/F4 1 Tf
5.9777 0 0 5.97780.7.93010123.778 Tm
(moderadl.)Tj
/F3 1 Tf
.5669 0 0 -.5669 105395120123.6511 Tm
( )Tj
/F4 1 Tf
5.9777 0 0 5.9777 016.40710123.778 Tmbyl.)Tj
/F3 1 Tf
.5669 0 0 -.5669 117646810123.6511 Tm
( )Tj
/F4 1 Tf
5.9777 0 0 5.9777 8.888930123.778 Tmexperiencates)Tj
/F3 1 Tf
.5669 0 0 -.566949.3701050123.6511 Tm
( )Tj
/F4 1 Tf
5.9777 0 0 5.97775115.42630123.778 Tm
(of)Tj
/F3 1 Tf
.5669 0 0 -.56615116.26810123.6511 Tm
( )Tj
/F4 1 Tf
5.9777 0 0 5.9777 803433010123.778 Tm
erarncial)Tj
/F3 1 Tf
.5669 0 0 -.5669 011.88810123.6511 Tm
( )Tj
/F4 1 Tf
5.9777 0 0 5.97778 93243010123.778 Tmlovaon)Tj
/F3 1 Tf
.5669 0 0 -.566992.4681050123.6511 Tm
( )Tj
/F4 1 Tf
5.9777 0 0 5.977774 -2630123.778 Tm
(widrawal:ct)Tj
/F3 1 Tf
.5669 0 0 -.5669 315.92850123.6511 Tm
( )Tj
/F4 1 Tf
5.9777 0 0 5.977225.5243010123.778 Tmani.)Tf
514.7558 -1.3372 TmfMRIm,)Tj
/F3 1 Tf
.5669 0 0 -.5669 93312839 95.3301 Tm
( )Tj
/F4 1 Tf
5.9777 0 0 5.977849359039 95.3301 Tmstudy(S.)Tj
/F3 1 Tf
.5669 0 0 -.5669919064839 95.3301 Tm
( )Tj
/F11 1 Tf
5.9777 0 0 5.9777 129975539 95.3301 TmProgal.)Tj
/F3 1 Tf
.5669 0 0 -.5669 5.8044839 95.3301 Tm
( )Tj
/F11 1 Tf
5.9777 0 0 5.9777.7.8.40739 95.3301 Tm
(Neup(Psychopharmacol.)Tj
/F3 1 Tf
.5669 0 0 -.5669 01366939 95.3301 Tm
( )Tj
/F11 1 Tf
5.9777 0 0 5.97779 94397739 95.3301 Tm
(Biol.)Tj
/F3 1 Tf
.5669 0 0 -.56697364486939 95.3301 Tm
( )Tj
/F11 1 Tf
5.9777 0 0 5.9777 195.47739 95.3301 TmP(Psychiatry)Tj
/F3 1 Tf
.5669 0 0 -.5662
-213.8839 95.3301 Tm
( )Tj
/F4 1 Tf
5.9777 0 0 5.9779 315.54039 95.3301 Tm5136,)Tf
51578531 -1.3278 TD.7531)Tj
/F8 1 Tf
1.0203 0 TD
(–)Tj
/F4 1 Tf
.5027 0 TD11235)Tj
0 0 0 rg4.4.5695 -1.6692 TD2510.)Tj
/F3 1 Tf
.5669 0 0 -.5669 65.3023789.30271 Tm
1 .26 0 .33 k
( )Tj
/F4 1 Tf
5.9777 0 0 5.9777 70.6393789.30301 Tm
artzmm,)Tj
/F3 1 Tf
.5669 0 0 -.56695.624923789.30271 Tm
( )Tj
/F4 1 Tf
5.9777 0 0 5.9778713.5333789.30301 TmJ.A(S.)Tj
/F3 1 Tf
.5669 0 0 -.566972136323789.30271 Tm
( )Tj
/F11 1 Tf
5.9777 0 0 5.97779.382693789.30301 Tm
(et)Tj
/F3 1 Tf
.5669 0 0 -.5669 40170623789.30271 Tm
( )Tj
/F11 1 Tf
5.9777 0 0 5.9779 68072403789.30301 Tm
(al.)Tj
/F3 1 Tf
.5669 0 0 -.5669 1.792923789.30271 Tm
( )Tj
/F4 1 Tf
5.9777 0 0 5.9779 1132693789.30301 Tm
((2014))Tj
/F3 1 Tf
.5669 0 0 -.5669 988.7523789.30271 Tm
( )Tj
/F4 1 Tf
5.9777 0 0 5.9779 135.9403789.30301 Tm
(Oxytocin)Tj
/F3 1 Tf
.5669 0 0 -.5669 123.4783789.30271 Tm
( )Tj
/F4 1 Tf
5.9777 0 0 5.977955.848333789.30301 Tmselffeivearly)Tj
/F3 1 Tf
.5669 0 0 -.56698571.4923789.30271 Tm
( )Tj
/F4 1 Tf
5.9777 0 0 5.97798 9174733789.30301 Tmimprovates)Tj
/F3 1 Tf
.5669 0 0 -.5667 20379323789.30271 Tm
( )Tj
/F4 1 Tf
5.9777 0 0 5.9779 20270753789.30301 Tm
mpathmbic)Tg2 9.50358 -1.3372 Tmaccuracy(S.)Tj
/F3 1 Tf
.5669 0 0 -.5669 927252370.034681 Tm
( )Tj
/F11 1 Tf
5.9777 0 0 5.9777 99.228370.034681 Tm
(Psyc(al.)Tj
/F3 1 Tf
.5669 0 0 -.5669  885669370.034681 Tm
( )Tj
/F11 1 Tf
5.9777 0 0 5.9779 0.75590370.034681 TmSosci.)Tj
/F3 1 Tf
.5669 0 0 -.566930119  9370.034681 Tm
( )Tj
/F4 1 Tf
5.9777 0 0 5.9779 f
2.407370.034681 Tm2136,)Tj
/F3 1 Tf
.5669 0 0 -.5669 1002099370.034681 Tm
( )Tj
/F4 1 Tf
5.9777 0 0 5.977942935590370.034681 Tm942628)Tj
/F8 1 Tf
2.9803 0 TD
(–)Tj
/F4 1 Tf
.5027 0 TD141828)Tj
0 0 0 rg
6.976825 -1.6692 TD2610.)Tj
/F3 1 Tf
.5669 0 0 -.5669 65.302360.0-.571 Tm
1 .26 0 .33 k
( )Tj
/F4 1 Tf
5.9777 0 0 5.9777 70.639360.0-.571 T(Kosfeldhs,)Tj
/F3 1 Tf
.5669 0 0 -.56691029752360.0-.571 T(
( )Tj
/F4 1 Tf
5.9777 0 0 5.97773688342360.0-.571 T(Mxp.)Tj
/F3 1 Tf
.5669 0 0 -.5669 1049 12360.0-.571 T(
( )Tj
/F11 1 Tf
5.9777 0 0 5.9777 100/F1360.0-.571 T(
(et)Tj
/F3 1 Tf
.5669 0 0 -.5669 7.79892360.0-.571 T(
( )Tj
/F11 1 Tf
5.9777 0 0 5.9777 0143712360.0-.571 T(
(al.)Tj
/F3 1 Tf
.5669 0 0 -.5669 117 822360.0-.571 T(
( )Tj
/F4 1 Tf
5.9777 0 0 5.9779  88.171360.0-.571 T(
((2514))Tj
/F3 1 Tf
.5669 0 0 -.566934822715360.0-.571 T(
( )Tj
/F4 1 Tf
5.9777 0 0 5.977937212371360.0-.571 T(
(Oxytocin)Tj
/F3 1 Tf
.5669 0 0 -.5669 1390145360.0-.571 T(
( )Tj
/F4 1 Tf
5.9777 0 0 5.97796293.889360.0-.571 T(
(increases)Tj
/F3 1 Tf
.5669 0 0 -.56679 83565360.0-.571 T(
( )Tj
/F4 1 Tf
5.9777 0 0 5.977988295745360.0-.571 T(trusts.)Tj
/F3 1 Tf
.5669 0 0 -.5669 2033852360.0-.571 T(
( )Tj
/F4 1 Tf
5.9777 0 0 5.9777 2096065360.0-.571 T(
(s.)Tj
/F3 1 Tf
.5669 0 0 -.5669 791 162360.0-.571 T(
( )Tj
/F4 1 Tf
5.9777 0 0 5.9777 1390.77360.0-.571 T(humans.on)Tj
/F11 1 Tg2 9503931 -1.3278 TDNaturthe)Tj
/F3 1 Tf
.5669 0 0 -.5668716.78135201.5691 Tm
( )Tj
/F4 1 Tf
5.9777 0 0 5.9778970882135201.5691 Tm43536,)Tj
/F3 1 Tf
.5669 0 0 -.5669 12(20135201.5691 Tm
( )Tj
/F4 1 Tf
5.9777 0 0 5.9777 103.78135201.5691 Tm67331)Tj
/F8 1 Tf
1.0203 0 TD
(–)Tj
/F4 1 Tf
.4932 0 TD67628)Tj
0 0 0 rg9.853931 -1.6692 T00/778cTD2710.)Tj
/F3 1 Tf
.5669 0 0 -.5669 6506013429141771 Tm
1 .26 0 .33 078cTD
( )Tj
/F4 1 Tf
5.9777 0 0 5.9777 70.6393429141771 T9018898cT[m
a) 99(um)699(gar)8.3(t)- 95(ne) 99(r,)]TJTj
/F3 1 Tf
.5669 0 0 -.5669 687.4013429141771 T078cTD
( )Tj
/F4 1 Tf
5.9777 0 0 5.9777 94870893429141771 T901778cTDTal.)Tj
/F3 1 Tf
.5669 0 0 -.5669 41736323429141771 T078cTD
( )Tj
/F11 1 Tf
5.9777 0 0 5.9777 814.2493429141771 T9011718cTD
(et)Tj
/F3 1 Tf
.5669 0 0 -.56692 97 8923429141771 T078cTD
( )Tj
/F11 1 Tf
5.9777 0 0 5.9777261481993429141771 T902/F18cT[mal)8.4(.)]TJTj
/F3 1 Tf
.5669 0 0 -.5669 f
404483429141771 T078cTD
( )Tj
/F4 1 Tf
5.9777 0 0 5.97773588.9593429141771 T901778cT[m
((20)17(14]TJTj
/F3 1 Tf
.5669 0 0 -.5669520243183429141771 T078cTD
( )Tj
/F4 1 Tf
5.9777 0 0 5.97775 66.4783429141771 T9018378cT[mOx)401(yt)5.8(yto)5.6(n]TJTj
/F3 1 Tf
.5669 0 0 -.5669789296253429141771 T078cTD
( )Tj
/F4 1 Tf
5.9777 0 0 5.9777 182.6973429141771 T9012928cT[msh) 112(a)-.7.8(p)- 91(ase]TJTj
/F3 1 Tf
.5669 0 0 -.5669 20948693429141771 T078cTD
( )Tj
/F4 1 Tf
5.9777 0 0 5.9779  9319 93429141771 T902228cT[mth)22(ee]TJTj
/F3 1 Tf
.5669 0 0 -.5669 11414693429141771 T078cTD
( )Tj
/F4 1 Tf
5.9777 0 0 5.9779 5.886593429141771 T[(ne)-3017(ur)- 129(a)-2191(le]TJTg241198231 -1.3278 T9011718cT[(to)- 016(r)-8.3(c)0(u)-7.5(o)- 91(t)- 014(r) 91(ye]TJTj
/F3 1 Tf
.5669 0 0 -.5669109088933489  771 T078cTD
( )Tj
/F4 1 Tf
5.9777 0 0 5.9777362.90233489  771 T901778cTD
(of)Tj
/F3 1 Tf
.5669 0 0 -.5669817 57933489  771 T078cTD
( )Tj
/F4 1 Tf
5.9777 0 0 5.9779 103.04933489  771 T90.2688cT[mtr) 091(us)694(t)]TJTj
/F3 1 Tf
.5669 0 0 -.5669 111.08233489  771 T078cTD
( )Tj
/F4 1 Tf
5.9777 0 0 5.9779 214456933489  771 T90.2F18cTm
(and)Tj
/F3 1 Tf
.5669 0 0 -.56612411.27933489  771 T078cTD
( )Tj
/F4 1 Tf
5.9777 0 0 5.97792614.62533489  771 T90.2688cT[mtr) 091(us)694(t)]TJTj
/F3 1 Tf
.5669 0 0 -.56693 91 92933489  771 T078cTD
( )Tj
/F4 1 Tf
5.9777 0 0 5.9779 100222833489  771 T90.2518cT[mad)405(a)829(p)405(ta)829(ti)7.8(on]TJTj
/F3 1 Tf
.5669 0 0 -.56696821204933489  771 T078cTD
( )Tj
/F4 1 Tf
5.9777 0 0 5.97797 75322533489  771 T90.2228cT(
(s.)Tj
/F3 1 Tf
.5669 0 0 -.5669 178960233489  771 T078cTD
( )Tj
/F4 1 Tf
5.9777 0 0 5.97797791.10833489  771 T9017928cT[mhu)1729(m)g
-18(a) 83(ns.o]TJTj
/F3 1 Tf
.5669 0 0 -.56699129422933489  771 T078cTD
( )Tj
/F11 1 Tf
5.9777 0 0 5.9777 128834233489  771 T9015778cT[mNe)-594(u)1588(r)-
-19(on]TJTj
/F3 1 Tf
.5669 0 0 -.5662
-29 18233489  771 T078cTD
( )Tj
/F4 1 Tf
5.9777 0 0 5.9779 313.33233489  771 T901778cTD5836,)Tf
51540456 -1.3373 TD0.631)Tj
/F8 1 Tf
7.7072 0 T078cTD
(–)Tj
/F4 1 Tf
12072 0 T901778cTD1.035)Tj
0 0 0 rg4.48625 -1.6692 T078cTD2810.)Tj
/F3 1 Tf
.5669 0 0 -.5669 65.3023 1123301 Tm
1 .26 0 .33 k
( )Tj
/F4 1 Tf
5.9777 0 0 5.9777 70.6393 1123301 T(Mlla,)Tj
/F3 1 Tf
.5669 0 0 -.566 01116253 1123301 T(
( )Tj
/F4 1 Tf
5.9777 0 0 5.97782.7.1143 1123301 T(Y.he)Tj
/F3 1 Tf
.5669 0 0 -.5668719.6393 1123301 T(
( )Tj
/F11 1 Tf
5.9777 0 0 5.9777014.6253 1123301 T(
(et)Tj
/F3 1 Tf
.5669 0 0 -.5669 9213183 1123301 T(
( )Tj
/F11 1 Tf
5.9777 0 0 5.9777716.7143 1123301 T(
(al.)Tj
/F3 1 Tf
.5669 0 0 -.5669 10402353 1123301 T(
( )Tj
/F4 1 Tf
5.9777 0 0 5.97790517 0 )3 1123301 T(
((2514))Tj
/F3 1 Tf
.5669 0 0 -.5669 1210/F13 1123301 T(
( )Tj
/F4 1 Tf
5.9777 0 0 5.9779241356283 1123301 T(Opposuring)Tj
/F3 1 Tf
.5669 0 0 -.566949.334253 1123301 T(
( )Tj
/F4 1 Tf
5.9777 0 0 5.9777511823713 1123301 T(o(Oxytocin)Tj
/F3 1 Tf
.5669 0 0 -.566973.043713 1123301 T(
( )Tj
/F4 1 Tf
5.9777 0 0 5.9779759464533 1123301 T(
(effects)Tj
/F3 1 Tf
.5669 0 0 -.56699 92.1453 1123301 T(
( )Tj
/F4 1 Tf
5.9777 0 0 5.977994.683453 1123301 T(o(s.)Tj
/F3 1 Tf
.5669 0 0 -.5669 -295793 1123301 T(
( )Tj
/F4 1 Tf
5.9777 0 0 5.97720335.9403 1123301 T(inter-groupi.)Tf
18245695 -1.3278 TDcoopoderivaon)Tj
/F3 1 Tf
.5669 0 0 -.5669 10251883 2025691 Tm
( )Tj
/F4 1 Tf
5.9777 0 0 5.9777 11820493 2025691 Tmbehaviorin)Tj
/F3 1 Tf
.5669 0 0 -.56692 9470893 2025691 Tm
( )Tj
/F4 1 Tf
5.9777 0 0 5.9777
51064533 2025691 Tmocin)Tj
/F3 1 Tf
.5669 0 0 -.5669 12256693 2025691 Tm
( )Tj
/F4 1 Tf
5.9777 0 0 5.9777301903933 2025691 Tmoctuirivaon)Tj
/F3 1 Tf
.5669 0 0 -.566941299/F13 2025691 Tm
( )Tj
/F4 1 Tf
5.9777 0 0 5.97775113.3323 2025691 Tm
(and)Tj
/F3 1 Tf
.5669 0 0 -.566160195513 2025691 Tm
( )Tj
/F4 1 Tf
5.9777 0 0 5.9777627538513 2025691 Tmrthe)Tj
9F3 1 Tf825132 0 TD�(–)Tj
/F4 1 Tf
36322 0 TDffeivees)Tj
/F3 1 Tf
.5669 0 0 -.5669711759313 2025691 Tm
( )Tj
/F4 1 Tf
5.9777 0 0 5.97779 837.423 2025691 Tmminds.on)Tj
/F3 1 Tf
.5669 0 0 -.5662033391313 2025691 Tm
( )Tj
/F11 1 Tf
5.9777 0 0 5.9777 510 1823 2025691 Tm
(Neup(P-i.)Tf
18477256 -1.3373 TDsychopharmacogyl.)Tj
/F3 1 Tf
.5669 0 0 -.5669 11.3373 10302351 T(
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