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Objective Research has shown that intranasal oxytocin affects social cognition and behavior; however, its effects vary based on social
context, individual characteristics and dose. The present study aimed to determine effective dose of oxytocin spray on emotion recogni-
tion in healthy Korean males.

Methods The study followed a randomized, double-blind, placebo-controlled design. Thirty-seven Korean males underwent two ex-
perimental sessions, with one week in between. They received either 32 (n=19) or 40 (n=18) international units (IU) of oxytocin and pla-
cebo, and then completed a face emotion recognition task. The effect of oxytocin on emotion recognition was examined using repeated
measures analysis of variance (ANOVA) for each dose condition.

Results The higher dose (40 IU) was found to improve recognition of happy faces, while the lower dose (32 IU) had no effect. There were
no statistical differences in age, education, attachment style or empathic ability between the two dose groups.

Conclusion The results suggest that oxytocin increases the ability of Korean males to recognize positive emotion, and this effect is dose-
dependent. Additional studies evaluating the effect of higher doses of oxytocin on social cognition will help to determine the optimal dose

for Korean populations.
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INTRODUCTION

Throughout the last decade, a number of studies have eval-
uated the effect of intranasal oxytocin on a variety of social
cognitive processes such as trust, emotion recognition, and
cooperation." Other studies have explored the effects of in-
tranasal oxytocin on symptoms and social dysfunction in pa-
tients with psychological or physical disorders.>" Evidence
from recent studies suggests that the effect of intranasal oxyto-
cin on social cognition varies depending on the social context
and individual characteristics."*'® For example, intranasal oxy-
tocin effects may differ based on gender,'"* attachment style,"**°
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and in-group/out-group.**'

Several recent studies have found that the effects of oxyto-
cin are dose-dependent. In a study of healthy German men,
oxytocin-induced change in amygdala activity was observed
after treatment with 24 international units (IU), but not with
the 12 TU dose.”” In a sample of healthy Norwegian males, 8
IU oxytocin delivered by a Breath Powered nasal device re-
duced the perception of angry faces and reduced amygdala ac-
tivity in response to emotional faces; however, the 24 TU dose
was not effective.*** The dose-dependent effect of oxytocin
was also observed in participants with psychiatric symp-
toms.”>”® In a study of patients with autism, symptoms were
alleviated after daily treatment with a 32 IU oxytocin spray for
12 weeks, while the 16 IU treatment was not effective.”® In a
study of subjects at a high risk for psychosis, intranasal oxyto-
cin dose negatively correlated with symptom severity, despite
a lack of effect of treatment on social cognition or symptom
level.” These results suggest that there may be a minimal and
optimal dose for the positive effects on social cognition and
behavior, which is likely to be dependent on individual char-
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acteristics. Further research is needed to understand more
fully the dose-dependent effects of oxytocin spray on social
cognition in individuals with diverse characteristics.

This study was designed to determine the minimal effec-
tive dose for intranasal oxytocin to influence emotion recog-
nition in healthy Korean males. Previous studies have re-
ported significant differences between Korean and western
populations in terms of attachment styles” and genotype dis-
tribution of oxytocin receptor polymorphisms.*** In studies
of social cognitive functions in Korean subjects, oxytocin was
found to influence attentional bias to emotional stimuli in pa-
tients with eating disorders and in healthy Korean females.***?
Oxytocin can also influence amygdala reactivity during emo-
tion recognition in patients with schizophrenia and in healthy
Korean males.® All but one of the above-mentioned studies
utilized a dose of 40 IU in female subjects. The present study
aimed to determine effective dose of oxytocin spray on emo-
tion recognition in healthy Korean males. In a preliminary
small experiment, we observed that a dose of 24 IU had no
effect; therefore, we utilized dose of 32 and 40 IU. Based on
the results of previous studies, we expected both doses to have
a beneficial effect on emotion recognition, with the 40 TU
dose having a stronger effect.

METHODS

Participants

Thirty-Seven healthy Korean males were recruited through
internet advertisements. Subjects were screened for Axis I
disorders using the Non-Patient Edition of the Structured
Clinical Interview for the Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition (DSM-IV). Subjects were
matched by age and separated into two dose groups receiving
either 32 IU (n=19) or 40 IU (n=18).

The exclusion criteria were mental retardation, brain inju-
ry, neurological illness, alcohol or substance abuse, and acetic
acid allergy. The study was approved by the Institutional Re-
view Board of Soul National University Hospital (H-1105-
047-361). After describing the study in detail, written informed
consent was obtained from each participant (or a parent if the
participant was under 20 years of age).

Measurements

A face emotion recognition task (FERT) was created using
photos of three Korean male and three Korean female faces
depicting seven types of facial expressions (happy, fearful,
sad, angry, disgust, surprise, and neutral) selected from the
ChaeLee Korean Facial Expression of Emotion (C-KFEE)*
and Korean Facial Expressions of Emotion (KOFEE) data-
bases. The mean accuracy rates were 99.6% for happy, 97.5%
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for sad, 97.1% for neutral faces, 88.3% for surprise, 79.2% for
fearful, and 45% for disgust based on a sample of 40 Korean
university students in our preliminary study. Due to low accu-
racy in the identification of disgust, this facial expression was
excluded from the set. Winmorph 2.0 (http://debugmode.
com/winmorph/) was used to morph the five types of emo-
tional faces with the neutral face of the same person at four
intensities (25, 50, 75, and 100%). Eleven morphed faces were
excluded from the set of photographs due to distortion. Each
facial expression was randomly presented as the stimulus once
for 1 sec, followed by a list of the six emotions that remained
on the screen until the subject made a decision. Fixation cross
hairs were presented for 0.5 sec before each stimulus. The ac-
curacy rate and response time (RT) for correct responses were
used in the analysis.

A 10-point visual analog scale (VAS) was used to evaluate
the effect of oxytocin on the subjects’ mood before and 45 min
after treatment. Subjects were asked to evaluate six parame-
ters (wakefulness, calmness, anger, happiness, sadness, anx-
iousness).

The Korean version of the Relationship Style Questionnaires
(RSQ),* a self-rated 5-point Likert scale, was used to deter-
mine attachment style. The 18 items of the RSQ assess four at-
tachment subtypes: secure, preoccupied, dismissing, and fearful.
The Korean version of Interpersonal Reactivity Index (IRI),”* a
self-reported 5-point Likert scale, was used to assess multi-
components of empathy: empathic concern, perspective tak-
ing, fantasy, and personal distress (28 items).

Drug preparation

Drug preparation has been described previously.*” Briefly,
50 mL of oxytocin (202 IU) was combined with 202.5 mL of a
0.9% saline solution (pH, 4.02). The solution was then distrib-
uted in sterilized vials (3 mL) and stored in the refrigerator.
The oxytocin or saline solution (placebo) was then transferred
from the vial into a nasal spray device prior to the experiment.

Procedure

The study followed a randomized, double-blind, placebo-
controlled design. According to the procedures of previous
studies that found the effects of intranasal oxytocin on emo-
tion recognition,**® the two treatment sessions were conduct-
ed with 1-week interval. The order of drug administration
was counterbalanced. Subjects were asked to abstain from al-
cohol, nicotine, caffeine, and excessive exercise for 24 h prior
to the experiment, and to avoid food and drinks except water
for 2 h prior to the experiment.

After completing the questionnaires, the subjects self-ad-
ministered 8 (32 TU) or 10 (40 IU) puffs of oxytocin or place-
bo contained in a nasal spray, switching nostrils under the su-
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Figure 1. Experimental procedure. The subjects underwent two experimental sessions, with one week in between. The emotion recognition
task was performed 45 min after 8 (32 IU) or 10 (40 IU) puffs of oxytocin or placebo. VAS: visual analog scale, FERT: face emotion recogni-

tion task.

pervision of an experimenter. The task was performed 45
min after drug administration (Figure 1). The experiment
was carried out first with the subjects assigned to the 32 TU
dose condition, followed by the subjects to the 40 IU dose con-
dition. The subjects given the 40 IU dose of oxytocin per-
formed the same task prior drug treatment to examine the in-
fluence of baseline performance on the efficacy of oxytocin.

Statistical analysis

An independent t-test was used to compare age and edu-
cation levels between subjects in the two dose groups. Multi-
variate analysis of variance (MANOVA) was performed to ex-
amine psychological characteristics. The effect of oxytocin on
emotion recognition or mood changes (pre-treatment score—
post-treatment score) was examined using repeated measures
ANOVA with treatment (oxytocin, placebo) and the task or
mood variables as within-subject factors. Pearson correlation
analysis was conducted to evaluate the relationship between
psychological characteristics and the effect of oxytocin on
emotion recognition. The analyses were performed using the
IBM Statistical Package for the Social Sciences version 22
(IBM Corp., Armonk, NY, USA).

RESULTS

Demographical and psychological characteristics
There was no significant difference in age (t3s=-0.33, p=0.74)
or education level (t:5=0.70, p=0.49) between the two groups
(Table 1). Similarly, no differences were found with RSQ (F, 3=
0.89, p=0.48) or IRI scores (F3,=1.47, p=0.24) (Table 1).

Effects of oxytocin on facial emotion recognition
after 32 IU treatment

For the accuracy rate of the FERT, a 2 (drug)x6 (emotional
valence) analysis showed a significant main effect of emotion-
al valence (Fs,14=43.6, p<0.001, n,’=0.94), indicating the high-
est accurate rates for neutral (93.418.1) faces, followed by
happy (83.016.3%), angry (80.3+6.4%), sad (76.416.3%), sur-
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Table 1. Psychological scale scores in subjects

321U 401U Statistics p
(N=19)  (N=18)

Age (year) 228(32) 231(28) t=-033 074
Education years 13.9(14) 13.6(1.5) t=0.70 0.49
RSQ F=0.89 048

Secure 18.8 (3.8) 18.6(3.0)

Preoccupied 12.1(1.9) 12.7(2.1)

Dismissing 12.5(1.3) 11.8(1.9)

Fearful 82(19) 86(22)
IRI F=147 0.24

Empathic concern  23.3 (4.0) 26.2 (4.6)

Perspective taking  25.1(5.2) 25.2(4.5)

Fantasy 253 (4.1) 26.4(3.9)

Personal distress 17.5(4.3) 19.6(4.9)

Values are mean with standard deviation in parenthesis. IU: inter-
national unit, RSQ: Relationship Style Questionnaire, IRI: Interper-
sonal Reactivity Index

prised (66.21+6.2%), and fearful faces (53.31£13.5%). No main
effect of drug (Fy,15=2.07, p=0.17, n,’=0.10) or interaction ef-
fect (Fs,14=0.34, p=0.88, n,’=0.11) was significant for accuracy.
For RT, emotional valence had a significant main effect (Fs 1=
13.19, p<0.001, n,*=0.83), with the longest RT for angry faces
(1.5610.84 sec) and the shortest for neutral faces (0.6510.24
sec) (Table 2, Figure 2). No main effect of drug (F,,5=2.46, p=
0.14, ,°=0.12) or interaction effect (Fs1,=1.05, p=0.43, n,’=
0.27) was significant for RT. No main or interaction effect
was observed for mood change score, as measured by sub-
tracting pre-treatment from post-treatment VAS scores.

Effect of oxytocin on facial emotion recognition after
40 IU treatment

For the accuracy rate of the FERT, a 2 (drug)x6 (emotional
valence) analysis yielded a significant interaction of drugx
emotional valence (Fs,3=4.54, p=0.01, ,°=0.64). A post-hoc
paired t-test showed significant improvement in recognizing



the happy faces after oxytocin treatment compared to placebo
(t7=3.22, p=0.005), whereas there was no significant change in
differentiating other types of emotional faces after oxytocin
administration (Table 2, Figure 2). A main effect of emotional
valence was also significant (Fs,3=38.6, p<0.001, 1,°=0.94),
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indicating the highest accuracy rates for neutral faces (87.7%
14.3%), followed by expressions of happiness (83.318.2%), an-
ger (82.3£5.2%), sadness (75.8£7.5%), surprise (68.0+11.0%),
and fear (50.0£15.0%). There was no significant main effect
of drug for accuracy (F,,,=0.25, p=0.62, n,’=0.02). For RT, a

Table 2. Performance in the face emotion recognition task in each drug-dose condition

321U (N=19) 40 TU (N=18)
Placebo Oxytocin Placebo base Placebo Oxytocin base Oxytocin

Accuracy (%)

Happy 83.9 (6.4) 822 (8.4) 843 (11.3) 80.2 (9.8) 80.1 (8.1) 86.1 (8.8)
Fearful 53.7 (16.5) 529 (14.2) 48.8 (12.8) 49.8 (18.4) 47.3(12.8) 49.1 (16.1)
Surprise 662 (9.4) 662 (7.7) 71.8 (10.4) 67.6 (13.4) 67.9 (15.1) 68.8 (11.3)
Angry 81.6 (5.8) 789 (8.6) 81.0 (5.8) 823 (5.6) 802 (6.2) 82.8 (5.9)
Sad 782 (8.3) 74.7 (6.4) 75.4 (11.6) 77.0 (8.5) 67.9 (15.1) 75.4(7.5)
Neutral 93.9 (10.0) 93.0 (10.1) 82.4 (16.1) 90.2 (13.3) 833 (17.1) 83.3 (19.0)

RT (sec)

Happy 0.71 (0.29) 0.67 (0.24) 0.88 (0.52) 0.58 (0.33) 0.85 (0.47) 0.54 (0.40)
Fearful 1.60 (1.00) 1.46 (0.90) 1.19(0.71) 0.75 (0.47) 1.21(0.57) 0.86 (0.49)
Surprise 1.25 (0.54) 1.05 (0.37) 1.06 (0.64) 0.70 (0.33) 1.08 (0.40) 0.78 (0.38)
Angry 1.08 (0.31) 1.01 (0.41) 1.23 (0.46) 0.75(0.31) 1.04 (0.37) 0.83(0.38)
Sad 1.18 (0.45) 0.97 (0.41) 0.96 (0.34) 0.80 (0.29) 1.00 (0.36) 0.82(0.33)
Neutral 0.71 (0.07) 0.57 (0.20) 0.80 (0.44) 0.56 (0.29) 0.98 (0.51) 0.58 (0.36)

VASchange
Wakeful -1.95 (12.47) -0.79 (11.77) 494 (11.77) 3.89(9.23)
Calm 2.00 (8.74) 1.63 (17.75) -3.78 (7.44) -1.11 (15.40)
Happy -2.42 (6.91) 0.16 (11.35) 1.06 (10.79) -1.17 (12.05)
Sad 6.79 (10.66) 7.00 (10.05) 2.67 (10.64) 0.94 (10.41)
Anxious 3.68 (17.08) 0.16 (14.93) 8.00 (11.29) 456 (20.82)
Angry -0.63 (2.31) 4.00 (8.19) 472 (8.82) -0.67 (5.73)

Values are mean with standard deviation in parenthesis. IU: international unit, Placebo base: performance before placebo treatment, Oxyto-
cin base: performance before oxytocin treatment, RT: reaction time, VASaang: pre-treatment score—post-treatment score of visual analog scale
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Figure 2. Mean Accuracy in the Face Emotion Recognition Task After 32 IU and 40 IU Treatment. A: Mean accuracy to recognize emotional
faces after 32 IU treatment, B: Mean accuracy to recognize emotional faces after 40 IU treatment. *Indicates a significant difference in per-
formance between oxytocin and placebo (p<0.005). IU: international unit; Error bars indicate standard error of mean.
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main effect of emotional valence was only significant (Fs;3=
5.21, p=0.008, ,’=0.67), indicating the longest RT for fear
(0.81£0.37 sec) and the shortest for happy faces (0.56+0.31
sec). No main effect of drug (F1,=0.08, p=0.78, n,’=0.01) or
interaction effect (Fs,:=0.47, p=0.79, 1,°=0.15) was significant
for RT.

To examine whether the effect of oxytocin would remain
after adjusting pretreatment performance of the FERT, a
change ratio was calculated by subtracting post-treatment
score from the pre-treatment score and dividing by the pre-
treatment score for each drug condition. A 2 (drug)x6 (emo-
tional valance) analysis revealed a significant interaction effect
of drugXemotional valence for the change ratio of accuracy
(F512=5.04, p=0.010, 1,>=0.68). A post-hoc paired t-test showed
a significant increase in the change ratio only for happy faces
after oxytocin treatment compared to the placebo treatment
(8.41+7.2% vs. -3.8117.97%). No other main or interaction
effects were significant for accuracy or RT.

Correlation between psychological variables and
oxytocin effects

For the correlation analysis, percentage change was calcu-
lated by subtracting performance on the FERT in the placebo
condition from performance in the oxytocin condition. No
significant correlation between percentage changes and the
RSQ or KIRI was found with the 32 or 40 IU dose groups af-
ter Bonferroni correction (p<0.003).

DISCUSSION

This study investigated the effects of intranasal oxytocin
on emotion recognition in health Korean males for two dose
conditions (32 and 40 IU). Subjects’ enhanced recognition of
happy facial expressions was observed with the 40 IU treat-
ment, but not the 32 TU treatment. The improved recogni-
tion of happy faces after the 40 IU treatment remained after
adjusting for baseline performance. These finding are consis-
tent with earlier studies reporting oxytocin-related effects in
Korean subjects after 40 IU treatment.***** This study is the
first to show an insignificant effect of oxytocin on emotion
recognition at a dose of less than 40 IU in Korean males. These
results confirm earlier studies reporting a dose-dependent ef-
fect of intranasal oxytocin on social cognition.

In this study, the beneficial effect of oxytocin was found
only for the happy faces after 40 IU treatment. This result cor-
responds to our previous fMRI study that showed increased
amygdala activity during emotion recognition after oxytocin
treatment of 40 IU in Korean healthy male, with the effect
being most apparent for the happy faces.® Our findings are
also consistent with previous studies that showed improved
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recognition of positive emotion after oxytocin administration
in healthy persons,”’ but inconsistent with results from a re-
cent meta-analysis that showed the effect of oxytocin on the
recognition of fear.” The specific effect in relation to happy
faces in the current study might be attributed to the distinct
cultural features of Korean people with regard to emotion rec-
ognition. Multiple studies suggest that Asians, including Kore-
ans, have different views about positive and negative emotions
compared to Westerners. For example, Koreans tend to recog-
nize positive emotions more negatively and negative emotions
more positively compared to Western people.* Moreover, peo-
ple from interdependent cultures, such as Koreans and Chinese,
value lower, more than high-arousal, positive expression.*"*?
Therefore, it is plausible that inhaled oxytocin changes nega-
tivity about the positive state in Koreans by increasing the
social approach motivation. It is known that oxytocin spray
increases pro-sociality by improving affiliate behaviors such
as expression of positive emotion, trust, cooperation, and al-
truism.>" It is possible that intranasal oxytocin plays a role in
enhancing perceptive sensitivity by increasing affiliative mo-
tivation to positive affective state in healthy Korean males.

The 32 TU oxytocin dose had no effect on emotion recognition
in Korean males. This is inconsistent with many previous stud-
ies that have found oxytocin-induced effects on emotion recog-
nition after smaller dose treatment in healthy people.?>?7*%+-4¢
The lack of efficacy of 32 TU oxytocin is probably not due to
the demographical and psychological characteristics of par-
ticipants, since there were no differences between the partici-
pants in 32 IU and 40 IU dose conditions with regard to age,
level of education, empathy, ability, and attachment style. Re-
cent studies have shown that oxytocin spray was effective at
improving social cognitive function in certain doses but not
in other doses in both healthy persons and patients with men-
tal disorders.”>***** Further, one study found that an increased
dose of oxytocin was associated with a better effect,”® whereas
the other study revealed that a high dose of oxytocin (48 IU)
had a reverse effect.” Our results correspond with those of pre-
vious findings indicating the dose-dependent effect of intrana-
sal oxytocin in Korean males.

The effect of oxytocin observed after the 40 IU treatment,
but not after 32 IU, suggests that at least 5 puffs in each nos-
tril may be required to obtain a positive effect in Korean
males. Oxytocin-related effects on emotion recognition have
been found at doses of 20 to 40 IU> Although the mechanism
underlying oxytocin-induced effect and brain- delivery routes
of intranasal oxytocin in human is not clear, evidence increas-
ingly indicates that oxytocin efficacy depends on various fac-
tors such as oxytocin receptor genotype,”* attachment style,”
early life stress” and thinking style.*” From these findings, spe-
cific properties of oxytocin receptor genotype® and attachment



style” in Koreans may help to determine the effective dose of
oxytocin spray. Alternatively, low emotional arousal in Koreans
may influence oxytocin efficacy. Cross-cultural studies have re-
ported that Asians have lower emotional arousal level than
Western populations. as they perceive facial expressions to
have a lower intensity” and express less emotion.” The psy-
chological and biological characteristics of Koreans may have
an impact on the threshold for oxytocin-related changes in
emotional processing. Further studies are needed to investi-
gate the effect of oxytocin at doses above 40 IU to determine
an optimal dose for Korean subjects.

This study has several limitations. First, the study utilized a
between-subjects design in which the participants were treated
with 32 or 40 IU oxytocin. Although there was no statistical
difference between the two dose groups in the characteristics
we measured, some differences in unmeasured properties
may have affected the results. Secondly, the sample size of
each dose condition was small. The lack of oxytocin effect in
32 IU dose condition might be due to a small sample size, im-
plying low statistical power. The effect size of interaction effect
for RT was large in 32 IU dose condition. This would suggest
that the effect of oxytocin may be found in response time for
specific emotional faces after 32 IU treatment at a larger sam-
ple. Further studies are needed to investigate the effects of
oxytocin on emotion recognition at doses lower than 40 IU in
larger Korean samples. Third, the participants in this study
were all male. It has been reported that intranasal oxytocin
may act differently in men and women."”" Although some
studies observed a beneficial effect on social cognition in Ko-
rean females after 40 IU treatment,”* no study has investi-
gated the efficacy of oxytocin at doses lower than 40 IU.

In conclusion, 40 IU intranasal oxytocin was found to im-
prove recognition of happy faces in Korean males. The 40 IU
dose may increase sensitivity to positive emotion in Korean
subjects. Our findings suggest that the amount of inhaled oxy-
tocin is an important factor influencing oxytocin efficacy, and
the effective dose varies based on individual characteristics.
Further studies are required determine the effect of doses high-
er than 40 IU, in individuals with different characteristics in-
cluding patients in clinical settings.
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