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Intranasal Oxytocin Lessens the Attentional Bias to Adult
Negative Faces: A Double Blind within-Subject Experiment
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Objective  Oxytocin is a neuropeptide that is involved in social emotional processing. A leading hypothesis is that oxytocin facilitates
positive prosocial behaviors; the peptide may also play a more general role in inhibiting withdrawal-related social behaviors. The present
study examined these possibilities.

Methods A double-blind, placebo controlled crossover design was used with 31 healthy women. Forty-five minutes following the ad-
ministration of 40 IU of intranasal oxytocin or a placebo, the participants were presented with two dot probe tests with pairs of face
stimuli depicting emotional and neutral faces in adults.

Results  Oxytocin specifically reduced the attention bias toward the location of the faces of adults showing negative emotions, particu-
larly in the case of disgust. Oxytocin did not enhance the attentional bias toward adult happy faces. The effect of oxytocin toward adult
negative emotion was correlated with the sensitivity of the drive in the behavioral motivational system.

Conclusion Oxytocin reduces attention to negative social emotions in adults, which supports oxytocin serves to inhibit withdrawal-

related social behaviour.
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INTRODUCTION

Oxytocin (OT) has been considered to be an important neu-
romodulatory hormone that is influential in parenting, particu-
larly maternal behavior."? Also, OT has been considered to be
important in prosocial behavior between peers.*® A recent re-
view of the influence of OT nasal spray on social cognition by
Guastella and MacLeod” concluded that overall OT enhances
prosocial behavior between peers, but there are some inconsis-
tent findings.® One explanation for this inconsistency proposed
by Kemp and Guastella® is that the motivational direction (ap-
proach vs. withdrawal) can be confounded by the affective va-
lence (positive vs. negative emotion). In their social-approach/
withdrawal hypothesis, they propose that OT may serve to in-
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crease approach-related social behaviors while inhibiting with-
drawal-related social behaviors.

The synthesis of OT is mainly confined to highly localized
nuclei in the rostral hypothalamus of the supraoptic nuclei
(SON) and paraventricular nuclei (PVN). However, OT may
be distributed in diverse regions of the brain, including the an-
terior regions of the lateral septum, nucleus accumbens (NAcc),
and amygdala.” The region-specific distribution of OT recep-
tors may regulate key aspects of social behavior. The action of
OT occurs dynamically through its extracellular diffusion and
release into the cerebrospinal fluid (CSF)."*"? OT cannot cross
the blood brain barrier (BBB); the difficulty in getting peptides
into the human brain has been a major impediment to the
study of the effects of neuropeptides on behavior. The intrana-
sal administration of OT is thought to circumvent the BBB,
probably by diffusion through the subarachnoid space above
the olfactory epithelium.” Intranasal OT has been used to in-
vestigate OT circuits within the brain. Intranasal OT is not as-
sociated with any adverse outcomes after short-term use in con-
trolled research settings."* The nasal spray can elicit opposing
effects in different individuals; hence, a within-subjects experi-
mental design is only capable of investigating the average effect



pooled across participants.”

There is evidence that OT nasal sprays have an effect on the
registration of the emotional signal of social information, but
there have been some contradictory findings depending on
emotional valence. For example, one study reported that OT
improved the recognition of happy facial expressions compared
to that of negative emotions,” while others reported that nega-
tive faces were detected more efficiently than happy ones."
These contradictory findings may be partially due to the differ-
ing experimental methods.” The impact of OT administration
on standardized experimental methods to measure emotion
and behavior may help resolve some of the complexities in un-
derstanding social processing. It has been reported that OT re-
duces threat-related neural activity to socially relevant cues in
some subregions of the amygdala.”” In a recent study, the mech-
anism of OT was suggested to modulate the dopamine signals
in the ventral tegmental area (VTA), which guides the detection
of behaviorally relevant social cues."®

The approach-avoidance for emotional experiences con-
struct might be captured by the broader constructs of behav-
ioral activation and inhibition."”* Evidence from studies de-
signed to assess attentional biases to emotion suggest that the
Behavioral Activation System (BAS) predicts vigilant respond-
ing to angry faces.” The BAS, as measured by Carver and
Whites'"® the Behavioral Inhibition System and Behavioral Ap-
proach System (BIS/BAS) Scale, consists of three subscales:
BAS Fun Seeking, BAS Reward Responsiveness, and BAS Drive.

We based our hypotheses on the social approach-withdrawal
hypothesis. To prove the social-approach/withdrawal hypothe-
sis of OT, our candidate negative emotions for research are dis-
gust and angry emotions, as these emotions induce an atten-
tional bias of faster detection but also of avoidance.” These two
emotions were known not to rate differently for pictures of fac-
es in a study which examined the perceived negative valence of
disgust compared to anger.”

The aim of study was to examine the role of OT in attention-
al processes involving social emotions (peers and infants). First-
ly, we predicted that OT would reduce the early allocation of
selective attention toward negative emotions. Second, we also
predicted that OT would increase the allocation of selective at-
tention toward positive emotions.

METHODS

Participants

A total of 34 Korean females were recruited in this double-
blind, placebo-controlled, within subject study. The first partici-
pant entered the study in October 19, 2012 and the last partici-
pant was examined in January 16, 2013. 1 participant were
excluded due to low body weight (BMI=15.82 kg/m?), and 2
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participants withdrawn as they didn't appear in day 2. There-
fore a total of 31 participants completed the study.

All of the participants were undergraduate or graduate stu-
dents who responded to an advertisement posted in the psy-
chology department at a women's university. The age range of
the subjects was 19 to 27 years (mean=22.2, SD=2.2), their
number of years of education ranged from 12 to 18 (mean=14.7,
SD=1.4), and their IQ ranged from 90 to 134 (mean=115.3,
SD=10.8). All of the women were nonsmokers, heterosexual,
nulliparous, and were not taking any medication including con-
traceptive pills. The participants completed a brief interview to
be screened medical or psychiatric illnesses by a psychiatrist
(YK). The participants were assessed using the Korean version
of the Wechsler Adult Intelligent Scale.** Exclusion criteria in-
cluded a self-reported history of major depression, bipolar,
panic, or psychotic disorders, substance dependence, epilepsy,
eating disorders, and traumatic brain injury. All of the partici-
pants were compensated for their travelling expenses and for
the time involved in their participation. We tested the partici-
pants during the follicular phase of their menstrual cycle (ap-
proximately days 4 through 12). This study was a part of the
oxytocin project. The whole protocol was approved by both the
Korean Food and Drug Association Review (12061) and the In-
stitutional Review Board of Seoul Paik Hospital (II'T-2012-096),
and all of the participants provided written informed consent
prior to the study. The study was registered the Clinical Re-
search Information Service (http://cris.nih.go.kr) (the registra-
tion number: KCT0000716).

Interventions

OT preparation

An OT spray was formulated by JW Pharmaceuticals (Korea)
from the powder version of the drug (Hemmo Pharmaceuticals,
India). The solution was prepared as described previously."
Briefly, 35.2 mg of OT (568 U) was combined with 300 mL of
0.9% sodium chloride solution. The pH was adjusted to 4.01
with 10X diluted acetic acid. The filtered and sterile solution
was distributed in individual vials (1.5 mL each) and stored fro-
zen. On the day of use, the vials were thawed and stored in a
refrigerator (4°C) until required. A clinician prepared the nasal
spray by transferring the OT or placebo from the vial into a
nebulizer. The nebulizer was primed and given to the partici-
pants, who self-administered the nasal spray while being moni-
tored by a clinician and one of the authors. The placebo spray
(pH 4.01) was formulated with 0.9% sodium chloride solution
and acetic acid, but without the peptide.

OT application
OT and the placebo were administered intranasally as de-
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scribed previously*” with a 1-week interval 45 min before the
neuropsychological tasks. At the start of day 1, the participants
were asked to self-administer the spray containing either OT or
the placebo under the supervision of a researcher. Each partici-
pant was randomized in a double-blind manner to either Group
1 (OT first) or to Group 2 (placebo first) (neither the researcher
nor the participant knew the group assignment). On day 2, ac-
cording to the cross-over design, each participant self-adminis-
tered the spray they had not received on day 1.

Procedures

The participants were tested in a private room in Seoul Paik
Hospital. They were instructed to abstain from alcohol and caf-
feine on the day of drug administration and food and drink ex-
cept water 2 hours before drug administration. Upon their ar-
rival, the participants completed baseline measures of adverse
symptoms including abdominal, neurological, dermatological,
and cardiac symptoms. Subsequently, the participants self-ad-
ministered the nasal spray containing OT or the placebo. Sev-
eral studies using this method have reported OT-dependent ef-
fects on behavior and brain function.* Each inhalation of the
test solution contained approximately 4 IU of OT. The spray
was administered ten times for a total of 40 IU OT. Each ad-
ministration consisted of one inhalation of the spray into each
nostril. The session order of OT and the placebo was random-
ized using a double-blind procedure. The randomized order of
the OT/placebo allocation procedure was generated by the lo-
cal research supporting system. During the waiting period, the
participants completed self-report measures to assess their psy-
chological state including the standardized Korean version of
the Beck Depression Inventory™ to assess depression, the stan-
dardized Korean version of the Spielberger State and the Trait
Anxiety Inventory (STAI)” to assess the state and trait anxiety,
and the BIS/BAS* to measure personality dimensions which
reflect the sensitivity of the motivational systems. The neuro-
psychological battery of tests began 45 min after the adminis-
tration of the spray.

After completing the neuropsychological tests, the partici-
pants completed the Positive and Negative Affect Scale (PA-
NAS)® to track their mood changes in positive and negative af-
fect states. Prior to discharge, each participant completed
follow-up measures of adverse symptoms. Day 2 testing was
identical to day 1 testing, with the only difference being the

spray.
Self-rating measures
Positive and Negative Affect Schedule®

The Positive and Negative Affect Schedule (PANAS) com-
prises two 10-item mood scales, one assessing positive affect
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and the other negative affect. As the intranasal OT is delivered
and affect shortly, we used the state version of the questionnaire
(to assess current affect). In the state version of the question-
naire, the participants are directed to rate “to what extent you
feel this way right now; that is, at the present moment”. The Ko-
rean version of PANAS has been found to have good reliability
and validity.

Behavioural Inhibition System and Behavioural
Approach System"

The Behavioural Inhibition System and Behavioural Ap-
proach System (BIS/BAS) scales measure personality dimen-
sions which reflect the sensitivity of the aversive and appetitive
motivational systems (BAS-Drive, BAS-Fun Seeking, and BAS-
Reward Responsiveness). The questionnaire contains 24 items
written as self-statements on a 4-point forced choice rating
scale. The Korean version of BIS/BAS has good internal reli-
ability and reasonable alpha reliability.”! Higher scores represent
a greater sensitivity in either system.

Visual attention task (Dot probe task)**

Stimuli

The adult faces were obtained from the Korean Facial Ex-
pressions of Emotions (KOFEE).* The pool was based on Ek-
man and Friesen's Facial Action Coding System (1978).”* The
KOSEF based on the Ekman database of faces has good reli-
ability** The set used contained 60 images of adults showing 15
positive (happy) or 30 negative (15 angry and 15 disgust) ex-
pressions, with each adult having a corresponding picture
showing a neutral (15) expression. The picture pair consisted of
positive-neutral or negative-neutral expressions of the same

adult.

Design and procedure

Attentional biases were assessed using the dot-probe task.”®
The dot-probe task based on the Posner paradigm,” which was
developed by Macleod™ and updated,’* briefly presents stim-
uli pairs (e.g., faces) of opposing emotional valence followed by
a visual target probe in place of one of the stimuli. The reaction
time to recognize the probe is measured as a marker of atten-
tion. Faster reactions for probes replacing emotional stimuli
relative to those for neutral stimuli indicate attentional vigilance
for stimuli of that valence, whilst slower reaction times indicate
attentional avoidance.’**

Each dot-probe trial consisted of a centrally positioned fixa-
tion cross for 750 ms, which was replaced by a face-pair dis-
placed at 1000 ms. A probe replaces the location of one of the
pictures, on either the left or the right hand side of the screen.
Instructions displayed on the screen advised the participants to



identify as quickly and accurately as possible the probe stimulus
which was initially hidden from view. A keyed response from
participants ends the trial (Figure 1 for schematic diagram).

The task consisted of 16 practice and 120 experimental trials.
In the experimental trials, all combinations of face pairs were
used for each model, randomly representing negative (angry,
disgust)-neutral, positive (happy)-neutral, and neutral-neutral
trials, respectively, making a total of 60 trials, repeated twice.
The dot-probe task was presented on E-prime version 2 (Psy-
chology Software Tools, Inc., Pittsburgh, PA, USA).

Statistical analysis

For the analyses, only the trial reaction times (RTS) for the cor-
rect responses were included. The mean RTs for the probes re-
placing each emotional expression type (negative, neutral or
positive) in each block were calculated for each participant
whose trials were not missing. Following the procedures used
in previous studies,”* latencies of <200 ms and more than 2,000
ms were excluded, as they likely represent lack of attention to
the task, and for each participant, outliers were removed by ex-
cluding detection latencies that were beyond two standard de-
viations from their mean (i.e., from each individual's mean RT
across all stimuli).

Attentional bias scores were calculated for each trial type
(negative-neutral, neutral-neutral and neutral-positive): bias
score=PN-PE where PN is the mean RT for probes replacing
neutral faces and PE is the mean RT for probes replacing emo-
tional (negative or positive) faces.*” Therefore, positive scores
suggest attentional vigilance towards the emotional stimuli,
whilst negative scores indicate attentional bias away from the
emotional stimuli. Zero scores suggest no bias towards the
emotional face. Initially, biases in the pharmacological chal-
lenge (placebo, OT) and emotional valence (positive, negative
stimuli) were investigated via a series of initial 2X2 repeated
measures ANOVAs (followed up by paired t-tests). Spearman’s
rho correlations were used to investigate the relationships be-
tween the drug effect on attentional bias and psychological
variables. The p-value for two-tailed significance was 0.05. A
Bonferroni correction was applied if multiple testing is used.
Analyses were performed using SPSS version 19.

RESULTS

Characteristics of participants

The final sample consisted of 31 healthy women. The psy-
chological characteristics of the participants at baseline were
as follows; the BDI scores range was from 0 to 29 (mean=7.07,
SD=6.83), the STAI-S scores range was from 23 to 71 (mean=
44.37, SD=11.30), the STAI-T scores range was from 25 to 74
(mean=44.37, SD=11.56). The BAS-D score range was from 14
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to 21 (mean=18.06, SD=2.07), the BAS-FA score range was
from 8 to 14 (mean=10.97, SD=1.82), the BAS-RR score range
was from 12 to 20 (mean=15.77, SD=2.17), and the BIS score
range was from 6 to 15 (mean=10.65, SD=2.54).

Dot-probe task results

We conducted a two-way 2 (placebo, OT)X2 (positive, nega-
tive) repeated measures ANOVA. The ANOVA revealed a sig-
nificant interaction effect between emotions and the drug [F(1,
30)=4.273, p=0.047] (Figure 2).

In the post hoc paired t-tests between the OT and placebo

+
Fixation cross QL S
(750 ms)
Stimuli .
(1000 ms)
Target probe

(2 sec or until response)

Test
(press key)

Figure 1. Face dot-probe task paradigm. The dot-probe task
briefly presents stimuli pairs (i.e., faces) of opposing emotional
valence followed by a visual target probe in place of one of the
stimuli. The reaction time to recognize the probe is measured as
a marker of attention. Faster reactions for probes replacing emo-
tional stimuli relative to those for neutral stimuli indicate attention-
al vigilance for stimuli of that valence, whilst slower reaction times
indicate attentional avoidance.
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Figure 2. Attentional bias scores for healthy women on face dot-
probe task in oxytocin/placebo condition. The interaction effect
between drug and emotional valences was F(1,30)=4.273, p=0.047.
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conditions, OT specifically reduced the attention bias toward
the faces of adults showing negative emotions (t=3.66, df=30,
p=0.001), and this effect was particularly pronounced in the
case of the disgust emotion (t=2.694, df=30, p=0.011). For the
happy faces in the adults’ images, the attentional bias in the OT
condition was not significantly increased compared with that
in the placebo condition. The detailed interference (bias) scores
are graphically depicted in Table 1.

Mood after OT/placebo

The participants had a tendency to report a more positive
mood after taking OT than after taking the placebo according
to the measured PANAS (placebo: 14.4816.78 vs. OT: 16.35
1+6.37) (t=2.133, df=30, p=0.041). No significant differences in
negative mood were found between the two conditions (place-
bo: 11.191+7.95 vs. OT: 10.0416.95) (t=0.358, df=30, p=0.723)
(Figure 3).

We wanted to explore whether the effect of OT was associat-
ed with depression, anxiety, anger and motivational approach.
Only the BAS-Drive (r=0.472, p=0.007) was positively correlat-
ed with the effect of OT on adult negative emotion. There were
no correlations between the effect of OT and the other psycho-
logical variables.

DISCUSSION

The aim of this study was to examine the role of OT in atten-
tional processes regarding social emotions. In this study,
healthy women were found to exhibit attentional bias toward
negative emotions as compared to positive ones in the placebo
condition. We found that OT reduces the selective attention to-
ward the negative emotions of adults. There was no effect of
OT on attentional bias to positive emotions in our study. The
present data also show that the construct of interest with re-
spect to the effect of OT on withdrawal of attentional bias is the
the size of drive measured by the BAS scale.

In the placebo condition, the positive adult faces didn't pro-
duce an attentional bias which is consistent with the findings in
Caucasians.”" On the other hand, negative (anger and disgust)

adult faces were associated with increased attention. Our results
concerning the attentional bias to negative adult facial expres-
sions in healthy women in the placebo condition are consistent
with previous findings that healthy people detected anger and
disgust facial expressions more quickly than neutral emotions.*
The findings in negative adult faces are somewhat contradicto-
ry with other research by our group," in which avoidance of at-
tentional to negative faces was found but the exposure time dif-
fered between these studies 1000 ms in the current study and
500 and 1250 ms in Corfield et al.*' This technical difference
suggests that there may be early vigilance to negative emotions
followed by avoidance when later effortful or strategic process-
ing occurs.

In the OT condition, we found that the attentional bias was
away from negative adult faces in healthy women, which sup-
ports our first hypothesis. The result is consistent with another
recent study which found that OT decreased the attention to-
ward sad and angry faces.* We could not find clear evidence in
this study that OT influenced the early perception of positive
social stimuli of happy faces, contrary to our second hypothesis.

30
p=0.041 [ Placebo
1 Oxytocin
25 A
20 | p=0.723

PANAS scores
G
1

Positive affect

Negative affect

Figure 3. Positive and negative affect states (mean, SD) after
oxytocin/placebo. PANAS: positive and negative affect schedule.

Table 1. Attentional bias scores for healthy women on face dot probe task in oxytocin/placebo condition

Face Emotion Oxytocin Placebo Difference T p-value
Positive
Happy 2.81 (50.66) -5.84 (74.92) 8.65 (116.89) 0.434 0.668
Negative
Adult
Total -22.70 (50.16) 21.41 (46.91) 44.12 (669.90) 3.514 0.001
Angry -22.51(112.76) 12.12 (134.14) 31.05 (155.90) 1.123 0.270
Disgust -35.28 (74.69) 14.16 (66.35) 52.27 (105.71) 2.694 0.011

Data are presented as mean (SD). Because multiple comparisons were made, the Bonferroni corrected significance level was set to al-

pha=0.05/2 (p<0.025)
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Our findings are consistent with Guastella et al.'® that angry
faces were detected more efficiently than happy faces. In the
previous studies for the influence of OT at a top-down stage of
information processing, OT enhanced the recognition of posi-
tive social memories,’ and positive social words.® In this study,
we evaluated effects of OT nasal spray at a perceptual bottom-
up level. Based on the evidence that OT has been shown to in-
fluence amygdala reactivity independent of social valence,*
Guastella et al.' supposed that OT’s evolutionary role may be
to reduce the processing of threatening social cues after the
initial threat has been detected, and OT may function to en-
hance positive social cues over social threat when there is op-
portunity to conceptually process the meaning the cue at later
stages of information processing,"*** which can be applicable to
our findings.

In our study, the effect of OT on reducing vigilance to adult
negative emotion was correlated with the BAS-Drive Our find-
ings are consistent with a previous report that the BAS-Drive
and heightened anger are predictors for a vigilant response to
angry faces.” These findings on the impact of OT on negative
emotion support the social approach-withdrawal hypothesis of
intranasal OT.

In our study, the change in the subjective affective state after
its administration, suggests that OT may increase positive emo-
tion. A recent review reported that accumulative evidence from
clinical trials show that the short-term use of intranasal OT ad-
ministered to humans, both in males and females, in dosage
amounts of up to 40 IU (per dose), resulted in no detectable
subjective changes in controlled research settings.* It needs to
be considered that our dose of 40 IU of OT is relatively higher
than the usual trial dose of 24 IU and there is less previous re-
search in females. Therefore, the question of whether there is a
dose-related response to the effect of OT needs to be examined
in a future study.

The present findings need to be considered in the context of
the following limitations. The first one is we tested with the pre-
senting time of 1000 ms only in dot probe task, the results of
which may differ from early (<250 ms) or late allocation (>1250
ms) of selective attention. The other methodological limitation
is that we did not test the other negative emotions than angry
and disgust, such as sad or fear. So more valences of emotion
need to be tested to confirm the effect of OT on attentional bias
in negative emotion.

In conclusion, the findings of this study support the hypoth-
esis that OT serves to inhibit vigilance to negative emotions in
adults which may reduce withdrawal related social behavior in
young women. In a future study, the underlying biological and
genetic mechanism underlying the effect of OT on social emo-
tional behaviors needs to be explored.
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