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Impaired facial emotion recognition is a core deficit in schizophrenia. Oxytocin has been shown to improve social perception in patients
with schizophrenia; however, the effect of oxytocin on the neural activity underlying facial emotion recognition has not been investigated.
This study was aimed to assess the effect of a single dose of intranasal oxytocin on brain activity in patients with schizophrenia using an
implicit facial emotion-recognition paradigm. Sixteen male patients with schizophrenia and 16 age-matched healthy male control subjects
participated in a randomized, double-blind, placebo-controlled crossover trial at Seoul National University Hospital. Delivery of a single
dose of 40 IU intranasal oxytocin and the placebo was separated by 1 week. Drug conditions were compared by performing a region of
interest (ROI) analysis of the bilateral amygdala on responses to the emotion recognition test. It was found that nasal spray decreased
amygdala activity for fearful emotion and increased activity for happy faces. Further, oxytocin elicited differential effects between the patient
and control groups. Intranasal oxytocin attenuated amygdala activity for emotional faces in patients with schizophrenia, whereas intranasal
oxytocin significantly increased amygdala activity in healthy controls. Oxytocin-induced BOLD signal changes in amygdala in response to
happy faces was related to attachment style in the control group. Our result provides new evidence of a modulatory effect of oxytocin on
neural response to emotional faces for patients with schizophrenia. Future studies are needed to investigate the effectiveness of long-term
treatment with intranasal oxytocin on neural activity in patients with schizophrenia.
Neuropsychopharmacology (2015) 40, 1919–1927; doi:10.1038/npp.2015.41; published online 4 March 2015
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INTRODUCTION

Schizophrenia is characterized by impairments in cognitive
function, emotional processing, and social functioning.
Patients with schizophrenia suffer from positive symptoms,
such as hallucinations and delusions, and negative symp-
toms, such as reduced emotional expression and anhedonia.
Converging evidence indicates that the identification of

facial emotion is impaired in schizophrenia (Morris et al,
2009). Studies suggested the involvement of the amygdala,
which has a critical role in emotional processing (Fitzgerald
et al, 2006), in deficient emotional recognition in schizophrenia
(Aleman and Kahn, 2005; Gur et al, 2002; Michalopoulou
et al, 2008). In neuroimaging studies, amygdala activity
evoked by a fearful face was attenuated relative to that
evoked by a neutral face in patients with schizophrenia
(Taylor et al, 2012). However, recent neuroimaging studies
suggest that this is due to an increased activation in response
to the neutral faces rather than to a decreased response to

fearful faces (Hall et al, 2008; Holt et al, 2006). Such findings
indicate that increased social anxiety or social fear in patients
with schizophrenia results in the tendency to perceive neutral
faces as aversive or salient (Morris et al, 2009; Taylor et al,
2012).
Recent studies have shown that intranasal administration

of oxytocin modulated various social behaviors including
emotion recognition, empathy, social memory, trusting
behavior, generosity, and cooperation in humans (See the
review article by Bartz et al, 2011). Oxytocin has been shown
to enhance the ability to identify fearful and happy facial
expressions, although the results are inconsistent across
studies (See the review article by Shahrestani et al, 2013).
Furthermore, neuroimaging studies have shown that in-
tranasal oxytocin attenuated neural activity in the amygdala
of healthy subjects viewing fearful faces (Gamer et al, 2010;
Kirsch et al, 2005; Petrovic et al, 2008), whereas the results
were mixed for happy faces (Domes et al, 2007a; Gamer et al,
2010).
Patients with schizophrenia have been reported to have

low oxytocin levels, which are associated with an increase
in psychotic symptoms and fewer prosocial behaviors (Keri
et al, 2009; Rubin et al, 2010). Oxytocin restored socially
aberrant behaviors in an animal model of schizophrenia
(Caldwell et al, 2008), suggesting a link between oxytocin and

*Correspondence: Professor JS Kwon, Department of Psychiatry and
Department of Brain and Cognitive Sciences, Seoul National University,
28 Yeongon-dong, Chongno-gu, Seoul 110-744, Republic of Korea,
Tel: +82 2 2072 2972, Fax: +82 2 747 9063, E-mail: kwonjs@snu.ac.kr
Received 10 October 2014; revised 19 January 2015; accepted 20
January 2015; accepted article preview online 10 February 2015

Neuropsychopharmacology (2015) 40, 1919–1927
© 2015 American College of Neuropsychopharmacology. All rights reserved 0893-133X/15

www.neuropsychopharmacology.org

http://dx.doi.org/10.1038/npp.2015.41
mailto:kwonjs@snu.ac.kr
http://www.neuropsychopharmacology.org


symptoms or social behaviors in schizophrenia. Indeed,
recent studies have shown that oxytocin treatment decreased
psychotic symptoms (Feifel et al, 2010; Pedersen et al, 2011)
and improved emotion recognition (Fischer-Shofty et al,
2013; Pedersen et al, 2011), verbal memory (Feifel et al,
2012), and olfactory identification (MR Lee et al, 2013) in
patients with schizophrenia.
Despite accumulated evidence on the effects of oxytocin on

behavioral outcomes in schizophrenia, the effect of oxytocin
on the neural activity underlying emotion processing in this
disorder has not been investigated. The present study thus
examined the effect of a single dose of intranasal oxytocin on
amygdala activity in patients with schizophrenia using an
implicit facial emotion perception paradigm. On the basis of
previous findings implicating aberrant amygdala responses
to neutral faces in patients with schizophrenia, a baseline
condition was included as a control condition in our study. It
was hypothesized that inhaled oxytocin would modulate
amygdala activity evoked by emotional faces in patients
with schizophrenia and control subjects. In addition, we
assessed empathy and attachment style in the participants to
determine whether oxytocin-related behaviors affected the
oxytocin-induced neural effect. We predicted that the effect
of oxytocin on the amygdala activity underlying facial
emotion recognition would be modulated by oxytocin-
related behaviors.

MATERIALS AND METHODS

Participants

The study included 16 male patients with schizophrenia and
16 age-matched healthy male controls. The patients (mean
age± SD: 32.0± 7.8 years) were recruited from the Seoul
National University Hospital (SNUH) outpatient clinic and
fulfilled the DSM-IV criteria for schizophrenia evaluated
using the Structured Clinical Interview for DSM-IV (SCID;
First et al, 1996). Patients were included if their symptoms
had persisted for ⩾ 1 year and their dose and type of
psychotropic drugs had been stable for at least 4 weeks. All
patients were taking psychotropic drugs at the time of
experiments (antipsychotics, n= 14; benzodiazepines, n= 13;
selective serotonin reuptake inhibitors, n= 12; beta-blocker,
n= 3; psychostimulant, n= 3; anticonvulsant, n= 2; anti-
epileptics, n= 1). None of the patients had a comorbid Axis I
disorder except one patient who had coexistent obsessive–
compulsive disorder. The Positive and Negative Syndrome
Scale (PANSS) was used to evaluate symptom severity
(mean± SD: 12.1± 3.1 for positive symptoms; 16.5± 5.8
for negative symptoms; 30.6± 8.2 for general symptoms).
(Supplementary Table 1 in the Supplement)
The age-matched healthy controls (mean age± SD: 31.3± 7.6

years) were recruited through internet advertisements
and were screened for Axis I disorders using the
non-patient edition of the structured clinical interview for
DSM-IV (SCID-NP).
All participants were right handed with the exception of

one patient who was left handed and one control participant
who was ambidextrous. The exclusion criteria were mental
retardation, brain injury, neurological illness, alcohol or
substance abuse, and acetic acid allergy. Our study was
approved by the Institutional Review Board of SNUH, and

written informed consent was obtained from each partici-
pant and from the parent when the participant was under 20
years of age, after complete description of the study to the
participant.

Drug Preparation

The oxytocin was prepared according to the protocol described
in a previous study (Marsh et al, 2010) and prepared by the
Department of Pharmacy in Seoul National University Hospital.
The dose of intranasal oxytocin (40 IU) was determined
according to results of our pilot study that was designed to
investigate an efficient dose of oxytocin nasal spray for face
emotion recognition in healthy Korean males.

Procedure

The study was a randomized, double-blind, placebo-con-
trolled crossover design. Subjects underwent functional
magnetic resonance imaging (fMRI) on two occasions 1 week
apart. The order of the drug administration was counter-
balanced. Subjects were instructed to abstain from alcohol,
nicotine, caffeine, and physical exercise for 24 h before the
experiment and to avoid food and drinks except water for 2 h
before the experiment. Upon arrival, the subjects were
administered the Relationship Style Questionnaires (RSQ;
Griffin and Bartholomew, 1994) and Interpersonal Reactivity
Index (IRI; Davis, 1983; Kang et al, 2009) to measure
attachment style and empathy, respectively.
Under the supervision of an experimenter, the subjects

self-administered 10 puffs of oxytocin (40 IU) or placebo
contained in a nasal spray, switching nostrils at 30–60- s
intervals 45 min before the fMRI scan. Participants com-
pleted the Positive and Negative Affect Schedule (PANAS;
Watson et al, 1988) and a visual analog scale (VAS) before
administration of the drugs and after the fMRI session to
examine mood changes throughout the experiment that
possibly confound the effects of oxytocin (Figure 1).
The fMRI design was similar to that reported previously

(Hall et al, 2008). With a block design, each block of six faces
showing one emotion among fearful, happy and neutral
expressions (three Korean females and three Korean males)
were interspersed with baseline blocks (12 s) consisting of
fixation cross hairs. The faces were selected from databases
of ChaeLee Korean Facial Expression of Emotion (C-KFEE;
K-U Lee et al, 2013) and Korean Facial Expressions of
Emotion (KOFEE) and the mean of accuracy rates for 40
University Korean students were 99% in happy, 97% in
neutral, and 79% in fearful faces (see Supplementary Figure 1
in the Supplement for face stimuli). The face blocks began
with the word ‘Gender?’ written in Korean for 1 s. Each face
stimulus was randomly presented in a block for 3 s, followed
by the fixation cross hairs (0.5 s). Each of the faces were pre-
sented once within a block and repeated across block.
Participants were instructed to identify the gender of each
face by pressing a button. The experiment consisted of two
runs, in which each run consisted of three fearful (22 s each;
6 trials per block), three happy (22 s each; 6 trials per block),
and three neutral blocks (22 s each; 6 trials per block), and 10
baseline blocks (12 s each; see Supplementary Figure 1 in the
Supplement for the fMRI task paradigm). The face blocks
were presented in different pseudorandom orders across the
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runs with a restriction that the same conditions do not occur
in successive blocks. The same task was used in oxytocin and
placebo conditions.

Image Acquisition

The blood oxygenation level-dependent (BOLD) signal was
acquired using a 3T Siemens Trio MRI scanner (Siemens
Healthcare, Erlangen, Germany) using T2-weighted gradient
echo planar imaging (repetition time [TR]= 2000 ms; echo
time [TE]= 30 ms; field of view [FOV]= 220 mm; flip
angle= 90°; 4-mm thickness; 27 axial slices; matrix= 64 ×
64). T1 anatomical volume reference images were also
acquired (TR= 1670 ms; TE= 1.89 ms; FOV= 250 mm; flip
angle= 9°; 1-mm thickness; 208 slices; matrix= 256 × 256).
Foam pads were used to reduce head motion. Data from one
control subject were excluded from all analysis due to head
motion 43 mm in the MRI scanner. Data from one patient
were also excluded from the analysis for the second run due
to head motion.

Image Preprocessing and Analysis

Images were preprocessed and analyzed using Statistical
Parametric Mapping 8 (SPM 8) software (http://www.fil.ion.
ucl.ac.uk/spm/software/spm8/). Previous studies demon-
strated maximal amygdala activation during the first run
and amygdala habituation over time (Breiter et al, 1996; Hall
et al, 2008). Therefore, our analysis was performed for each
run to investigate oxytocin-elicited change during maximal
BOLD signal and to examine change in the oxytocin-induced
effect on amygdala activation over time.
The first three images were discarded to avoid unstable

magnetic artifacts. The remaining images were spatially
realigned to the first image for head-motion correction. The
mean realigned functional image was normalized to the EPI
template in the Montreal Neurological Institute (MNI) space
and was resampled into 3-mm3 voxels. Data were smoothed
with an 8-mm full width at half-maximum (FWHM) Gaussian
kernel. Contrast images were obtained for each emotion
against baseline in each subject and entered in the second-level
random-effects model for within- and between-group analysis.
To investigate regions of significant difference between the
groups at baseline, a two-sample t-test was performed for
placebo condition. Clusters of activation were considered
significant using height and extent thresholds of po0.05 at the
cluster level for multiple comparisons (Poline et al, 1997).
A region of interest (ROI) analysis was performed on

the left and right amygdala regions in order to test our

hypothesis of the effects of oxytocin on amygdala function.
The ROIs for the bilateral amygdala were anatomically
defined using WFU PickAtlas Version 2.4 (Maldjian et al,
2003). The mean percent BOLD signal change (PSC) was
extracted from the ROIs for each face condition (fearful,
happy, and neutral) and for the baseline using the MarsBaR
toolbox (http://marsbar.sourceforge.net/) (Orme-Johnson
et al, 2006). The mean PSC for the fearful, happy, or neutral
face contrasts versus baseline were calculated. Effects of
oxytocin on amygdala activation was tested using repeated
measures analysis of variance (ANOVA) with drug (oxyto-
cin, placebo), emotional valence (fearful, happy, neutral) and
hemisphere (left, right) as within-subject factors and group
(patients, controls) as a between-subjects factor. Post hoc
t-tests were performed on significant interactions (po0.05,
two-tailed). The analyses with the mean PSC were performed
using the IBM Statistical Package for the Social Sciences
version 18 (SPSS).
Finally, to examine whether person’s clinical variables

and/or psychological scales are associated with amygdala
functions in emotion processing, Pearson correlation analyses
were conducted for each participant group. Further, a mixed
ANOVA was used to analyze the mood scale scores with the
PANAS or VAS subscores, drug (oxytocin, placebo) as within-
subject factors and with the group as between-subject factor to
examine change in mood after drug administration. Indepen-
dent t-test with Bonferroni correction for multiple compari-
sons was conducted to examine the group differences in
attachment style and empathy.

RESULTS

Behavioral Outcomes

We found no significant main or interaction effect in the
gender identification in the first, second, or full session. For
mood change scores measured by subtracting pretreatment
scores from posttreatment scores in the VAS and PANAS,
a main effect of emotional valence was significant in the
PANAS (F1,29= 5.90, p= 0.022), indicating reduction of
negative affects after drug administration (see Supplemen-
tary Table 2 in the Supplement). Other effects were not
found to be significant in the mood scales. The analysis of
attachment style data revealed that secure attachment scores
were significantly lower (t29= 3.00, p= 0.006) in patients
with schizophrenia than control subjects after Bonferroni
correction (p= 0.01). Regarding empathy, patients had
significantly higher scores for personal distress (t29=− 3.95,

PANAS
VAS

PANAS
VAS

1week

45 min MRI
Scanning

PANAS
VAS

PANAS
VAS

45 min MRI
Scanning

Oxytocin / Placebo
administration

Visit 1 Visit 2

Placebo / Oxytocin
administration

Figure 1 Experimental procedure. Subjects underwent the experiment on two occasions with either oxytocin or placebo 1 week apart. Functional
magnetic resonance imaging (fMRI) session was commenced 45 min after drug application and the mood scales were performed before drug administration
and after the MRI scanning. PANAS, Positive and Negative Affect Schedule; VAS, visual analog scale.
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po0.001) than did control subjects (see Supplementary
Table 1 in the Supplement).

Group Differences in Placebo Condition

During the first run, patients with schizophrenia showed
greater activation for fearful faces in left cerebellum than
healthy controls in the placebo condition. However, amygdala
activation did not significantly differ between the two groups
in the same contrast (Table 1). Unlike the fearful4baseline
contrast, we found significant difference in amygdala
activation between patient and control groups in the neutral
faces4baseline contrast. That is, patients with schizophrenia
displayed an increased activation in the left amygdala
(po0.05 corrected within an amygdala ROI; Table 1) and
greater activation in the right superior orbitofrontal cortex
than controls for the neutral faces in the placebo condition.
For happy faces, the patient group had greater activation
than in the control group in right cerebellum (Table 1).

ROI Analyses

Descriptive data of PSC for each emotion in each group are
presented in Figure 2 and Supplementary Table 3 in the
Supplement. When we performed analyses in the first run,
a 2 (drug) × 3 (emotional valence) × 2 (hemisphere) × 2
(group) ANOVA yielded a significant main effect of emo-
tional valence (F2,58= 4.98, p= 0.010, ηp2 = 0.25), denoting
less amygdala activity to neutral relative to emotional faces.
No main effect of drug, group, or hemisphere in amygdala
activities was found.
A significant interaction of the drug × group (F1,29= 7.61,

p= 0.010, ηp2 = 0.21) was found in the first run, indicating
differential effects of oxytocin between the patient and
control groups (Figure 3b). Post hoc analysis was based on
the contrasts of oxytocin4placebo to compute oxytocin-
induced signal change and averaged PSCs across emotional
valences were extracted from bilateral amygdala. Indepen-
dent t-test revealed significant group differences in oxytocin-
induced signal change (t29= 2.76, p= 0.01), indicating that
the patient group showed slightly attenuated activation
following oxytocin treatment (mean± SD; − 0.03± 0.10;

Figure 3c), whereas the control group exhibited increased
activation (mean± SD; 0.71± 0.10; Figure 3d). We also
found a significant drug × emotional valence interaction
(F2,58= 6.64, p= 0.003, ηp2 = 0.32; Figure 3a). For the post
hoc analysis, the contrasts of oxytocin4placebo were
computed in a total sample and were compared for different
emotional valences (between fearful and happy, fearful and
neutral, or happy and neutral faces), using paired t-test.
When applying a Bonferroni correction (p= 0.017), the
comparison between fearful and happy faces was significant
(t30=− 3.72, p= 0.001), indicating attenuated activation
in response to the fearful faces and increased activation
in response to happy faces (mean± SD; − 0.06± 0.17 vs
0.11± 0.21). An interaction of hemisphere × group was also
significant (F1,29= 4.58, p= 0.041, ηp2 = 0.12). The post hoc
independent t-test showed significantly more left amygdala
activation in control than in patient groups (t29= 2.10
p= 0.049), but no significant difference in right-amygdala
activation between the groups (t29= 0.42 p= 0.676). The
findings were similar when one left-handed patient was
excluded.
Additional analysis for the second run showed a significant

interaction of drug × group (F1,28= 5.21, p= 0.030, ηp2 = 0.16).
Any other main or interaction effects were not significant.
When the analysis was performed for the full session,
a significant effect was found only in the drug × group
interaction (F1,28= 7.46, p= 0.011, ηp2 = 0.21).

Correlations Between Amygdala Activity and Behavioral
Outcomes Following Oxytocin Treatment

The Pearson correlation analysis revealed a significant
negative correlation between the oxytocin(happy-baseline)4
placebo(happy-baseline) contrast in the right amygdala during
the first run and the RSQ preoccupied attachment score in
control subjects (r=− 0.733, p= 0.002; Figure 4) after
Bonferroni correction (p= 0.005), indicating less degree of
activation increase following oxytocin in persons who have
preoccupied attachment style. We did not find a significant
correlation between oxytocin-related effects and symptom
severity and antipsychotic doses in the patients.

Table 1 Clusters of Significant Difference Between the Groups at Placebo Condition

Coordinates Cluster k Corrected P-value t-test

x y z

Fearful face4baseline: patients4healthy controls

Cerebellum L − 9 − 55 − 23 13719 o0.001 5.10

Neutral face4baseline: patients4healthy controls

Superior orbitofrontal cortex R 18 17 − 14 15633 o0.001 4.58

Amygdalaa R 36 2 − 26 18 0.049 3.07

Happy face4baseline: patients4healthy controls

Cerebellum L − 9 − 52 −17 9455 o0.001 4.99

Abbreviations: L, left; R, right.
aSmall volume correction within amygdala region.
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Figure 2 Percent blood oxygenation level-dependent (BOLD) signal changes for amygdala region of interests (ROIs) for each emotion within each group in
the first run. Data were extracted from anatomically defined amygdala regions for the contrast of fearful, happy, or neutral face versus baseline. Error bars
indicate standard errors. SPR, schizophrenia.
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DISCUSSION

To our knowledge, the present study is the first to investigate
the effect of intranasal oxytocin on brain activity related to
facial emotion recognition in patients with schizophrenia
using a within-subject design. In our data, intranasal oxytocin
exerted differential effects on amygdala activity across
emotional valences. Oxytocin decreased amygdala reactivity
in response to fearful faces, whereas nasal spray increased
amygdala activity for happy faces. In addition, oxytocin
sniffs induced differential effects between the patient and
control groups. Oxytocin attenuated amygdala activity in
patients with schizophrenia, whereas neuropeptide augmen-
ted amygdala activity in healthy controls. These results
suggest that oxytocin has a differential modulatory effect on
amygdala response to emotional faces between patients with
schizophrenia and Korean healthy individuals.
The inability to recognize facial emotion is a core deficit in

schizophrenia (Morris et al, 2009). Meta-analytic studies
demonstrated that dysfunction in several brain regions
including amygdala, frontal and temporal regions underlies
the deficit in emotion perception in this disorder (Taylor
et al, 2012). With regard to amygdala activation, the findings
are different according to which condition was used for
contrasts. Reduced amygdala activity has been found when
contrasts were made between valenced, especially fearful, and
neutral faces in patient with schizophrenia. However, in a
few studies that used baseline as a control condition, increased
activity was found for both neural and fearful faces (Hall
et al, 2008; Surguladze et al, 2006) or only for neutral faces in
limbic regions (Holt et al, 2006). These results suggest over-
active response to the neutral faces and/or general greater
activity for emotional faces in patients with schizophrenia.
In the current study, a significant difference in amygdala
activation between the patients and control groups was
found for neutral, but not for fearful and happy faces. These

results correspond with the findings from the previous study
that employed similar fMRI design with our study (Hall et al,
2008). Augmented amygdala response for neutral faces may
reflect the tendency to perceive nonthreatening or nonsalient
facial expressions as threatening or salient in patients with
schizophrenia.
The present study demonstrated oxytocin-induced effect on

amygdala reactivity for emotional expressions in patients with
schizophrenia. This result is consistent with findings reported
from a recent behavioral study showing oxytocin-related effect
on recognition of emotional faces in patients with schizo-
phrenia (Fischer-Shofty et al, 2013). Recently, research has
shown that intranasal oxytocin induces functional changes in
brain activity for social stimuli in specific psychiatric disorders
including autism spectrum disorders (Guastella et al, 2010)
and social anxiety disorder (Labuschagne et al, 2010, 2011).
No studies have investigated the neural response to oxytocin
in patients with schizophrenia. In our study, intranasal
oxytocin attenuated amygdala activity for emotional faces in
patients with schizophrenia. Previous neuroimaging studies
have shown that intranasal oxytocin reduced amygdala
reactivity for emotional faces in healthy males (Gamer
et al, 2010; Kirsch et al, 2005; Petrovic et al, 2008) and
patients with social anxiety disorder (Labuschagne et al,
2010), although the results were mixed (Domes et al, 2007a;
Gamer et al, 2010). It has been proposed that reduction of
social anxiety and silence is likely to underlie effects of
oxytocin on amygdala attenuation for emotional processing
(Bartz et al, 2011). Increased sensitivity to threatening or
neutral social stimuli has been suggested in patients with
schizophrenia (Green et al, 2003; Surguladze et al, 2006). In
line with this, one of plausible explanations for our results
could be that inhaled oxytocin may reduce social anxiety and
sensitivity to emotional faces in patients with schizophrenia.
Given a limited effect of current antipsychotic medications
on the impaired ability to perceive facial emotion in patients
with schizophrenia (Penn et al, 2009), oxytocin nasal spray
may be effective in altering dysfunctional neural activity
related to emotional processing in those with schizophrenia.
Previous studies of emotion-related changes by oxytocin

in amygdala activity have reported conflicting results in
healthy individuals. We found that oxytocin administration
increased amygdala activity in response to emotional faces
in healthy controls. Several studies have reported an
oxytocin-induced reduction in amygdala activity in response
to fearful emotion in male subjects (Bethlehem et al, 2013),
and a single study observed an oxytocin-induced increase in
amygdala activity in response to fearful emotion in female
participants (Domes et al, 2009). Furthermore, one previous
study observed an increase (Gamer et al, 2010) and another
found a decrease (Domes et al, 2007a) in amygdala activity
in response to happy emotion. These disparate findings may
be attributable to an influence of context or to individual
differences on the relationship between oxytocin and social
cognition, as proposed by Bartz et al (2011). The effect of
oxytocin has been reported to be restricted to individuals
with specific traits (Bartz et al, 2010b; Singer et al, 2008) and
moderated by task-related properties such as difficulty (Bartz
et al, 2010b; Domes et al, 2007b). Indeed, the greater
oxytocin-induced increase in amygdala activity in response
to happy faces in the healthy controls in our study was
strongly associated with the lower preoccupied attachment

Figure 4 Correlations of oxytocin-induced effects in right amygdala with
attachment style in healthy controls. O4P, the contrast for oxytocin—
placebo; PSC, percentage of signal change; RSQ, Relationship Style
Questionnaire. The higher RSQ score indicates more preoccupied
attachment style, which was associated with less oxytocin-induced increased
activation in right amygdala in response to happy faces.
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style score. This result implies that oxytocin-induced effect
on amygdala activity is likely to be weakened in persons with
attachment pattern of high anxiety and low avoidance
(Griffin and Bartholomew, 1994). Our finding agrees with
previous observations involving the influence of parental-
love withdrawal (Huffmeijer et al, 2012) and anxious
attachment (Bartz et al, 2010a) on the oxytocin effect. Further,
the influence of cultural factors on our results cannot be ruled
out. Distinct differences in the recognition of facial expres-
sions (Matsumoto, 1992) and the role of oxytocin receptor
genes in emotional processing (Kim et al, 2011) have been
reported in Asian and Western subjects. Future studies are
needed to clarify the impact of cultural differences on the
oxytocin nasal spray-induced effect on social cognition.
In our data, the effects of oxytocin on amygdala for facial

expression were different between the schizophrenia and
control groups. Oxytocin increased amygdala activation in
the patient group, whereas the peptide decreased activation
in the control group. Given the amygdala activation levels
were similar in both groups at baseline (placebo condition),
it does not seem that the oxytocin-induced changes may
imply a recovery of amygdala function in the patients.
Instead, they are likely to reflect distinct roles of intranasal
oxytocin in the patients with schizophrenia and Korean
healthy subjects. Prior studies have suggested that the effects
of oxytocin on social cognition may depend on individual
differences (Vrtička et al, 2008) and social context (De Dreu
et al, 2010). In particular, affiliative motivation, personal
significance, and perceptual selectivity to social stimuli have
been indicated as important moderators of diverse oxytocin-
induced effects (Bartz et al, 2011; Vrtička et al, 2008). In this
respect, it can be assumed that different psychological and
biological characteristics between the patient and control
groups, such as sensitivity to specific emotions, might affect
the response to oxytocin. Although our data failed to show
significant three-way interaction between drug, group and
emotional valence, a close look at our data (Figure 2 and
Supplementary Table 3 in the Supplement) makes it possible
to speculate that the oxytocin-induced changes were strongly
driven by specific emotion, for example a decreased
amygdala activity in the patients by fearful and neutral faces
and an increased activity in the control subjects by happy
faces following oxytocin treatment. In this regard, we
cautiously suggest that this might reflect the group-specific
effect of oxytocin on personally meaningful and motivated
emotions. More studies are needed to explore psychological
and behavioral mechanism underpinning the differential
effects of oxytocin between the schizophrenic and healthy
individuals to draw a firm conclusion.
Consistent with previous observation (Adolphs, 2002;

Breiter et al, 1996; Hall et al, 2008), amygdala response to
emotional faces habituated over time. The differential
oxytocin-related effects across emotional valences shown in
the first run were weakened in the second run. However, the
differential effects of hormone between the groups shown in
the first run were apparent in the second run as well. This
suggests that differential effects of oxytocin on amygdala
activity between patients and control subjects are robust
enough to resist habituation despite general amygdala
habituation over time in emotion recognition.
Our study has some limitations. First, all patients parti-

cipated in this study were taking psychotropic drugs at the

time of the experiment. Although no statistical significant
correlation between antipsychotic drugs and oxytocin effect
on amygdala activity was observed in our data, a potential
interaction between the psychotropic drugs and intranasal
oxytocin may influence the results. Prior studies have
suggested that biological function of oxytocin is moderated
by dopaminergic system in animals (Bale et al, 2001; Liu and
Wang, 2003). Second, accuracy rate for the fearful face stimuli
was lower than that for happy and neutral face stimuli, which
may not have evoked sufficiently strong neural responses to
fearful faces. Third, we did not assess socioeconomic status
(SES) of subjects and their parents. Especially, parental SES can
be an important factor that influences cognitive functioning
in patients with schizophrenia (Yeo et al, 2014). Lastly, we
enrolled only male participants to exclude an interaction
between exogenous and endogenous oxytocin. Further
studies are needed to assess the effect of oxytocin on
emotion recognition in female patients with schizophrenia.
In conclusion, our study showed that oxytocin reduced

amygdala activity in response to emotional faces in patients
with schizophrenia, whereas oxytocin increased amygdala
activity in healthy control subjects. An influence of attachment
style on oxytocin-related neural change in control subjects
implicates that individual difference or cultural factors should
be carefully considered in future research. Our data, together
with previous findings showing a beneficial effect of oxytocin
for psychiatric disorders such as autism (Domes et al, 2013;
Watanabe et al, 2014) and social anxiety (Labuschagne et al,
2010; Labuschagne et al, 2011), provide new evidence
supporting a modulatory effect of oxytocin on neural response
to emotion processing for patients with schizophrenia. It seems
that a single dose of oxytocin causes a subtle change in brain
activity of stabilized schizophrenia patients who have taken
psychotropic medications. However, even a small change in
brain activity can alter the behavioral outcomes. Future studies
are needed to investigate the effect of daily administration of
intranasal oxytocin on neural activity and to compare the
effectiveness of different doses in patients with schizophrenia.
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