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Abstract: Current perspectives on the evolutionary roots of human morality suggest it arose to incentiv-
ize social cooperation by promoting feelings of disgust toward selfish behavior, although the underlying
neural mechanisms remain unclear. To investigate whether the ancient mammalian neuropeptide oxyto-
cin (OXT) influences self-referential processing in the domains of emotion evaluation and moral decision
making, we conducted a pharmaco-functional magnetic resonance imaging (fMRI) and a behavioral
experiment involving 157 healthy women and men who were treated with either OXT (24 IU) or placebo
(PLC) intranasally. Our results show that OXT facilitated cortical midline responses during self-
processing of disgust and selectively promoted self-interest moral judgments in men. In contrast, in
women OXT increased the reaction time difference between accepted and rejected moral dilemmas and led
them to suppress their self-interest and respond more altruistically for the benefit of others. Taken together,
these findings suggest an OXT-related sexual dimorphism in human moral behavior which evolved adap-
tively to optimize both protection and nurturing of offspring by promoting selfish behavior in men and
altruistic behavior in women. Hum Brain Mapp 35:6067–6076, 2014. VC 2014 Wiley Periodicals, Inc.
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INTRODUCTION

The evolutionarily conserved neuropeptide oxytocin
(OXT) influences a diverse repertoire of mammalian social
behaviors [Eckstein and Hurlemann, 2013; Insel, 2010;
Striepens et al., 2011]. For example, OXT can facilitate
social-cognitive skills including trust, cooperation and
empathy [Hurlemann et al., 2010; Kosfeld et al., 2005] in
humans and these prosocial effects may be partially medi-
ated by the peptide’s anxiolytic action, particularly in the
amygdala [Olff et al., 2013]. While anxiety reduction may
enable approach-related behaviors, a reduced amygdala
response to harm signals may also interfere with our abil-
ity to detect environmental threats on the basis of social
cues. From an evolutionary perspective, a mechanism
which leaves an organism unprepared for attacks by a
predator appears maladaptive. However, we have recently
shown that when OXT suppresses amygdala responses,
other brain regions including the insula may become more
influential in biasing cognitive and emotional processing
towards increased preparedness for self-defense [Striepens
et al., 2012]. The insula is also important for self-
processing and interoceptive awareness [Ernst et al., 2014;
Lamm and Singer, 2010] and so OXT may potentially be
producing a heightened sense of self which can in turn
lead to increased perspective-taking and empathic concern.
Other regions implicated in self-processing include a num-
ber of cortical midline regions which form part of the
default-mode network (DMN), most notably the medial
prefrontal cortex, cingulate cortex, and precuneus [Qin
and Northoff, 2011]. However, to date no study has sys-
tematically investigated whether both neural and behav-
ioral aspects of self-processing are specifically affected by
the peptide, although one study has reported enhanced
self-rated scores on some positive personality traits [Car-
doso et al., 2012]. In terms of other behavioral OXT effects,
while many studies have demonstrated facilitation of pro-
social behaviors [Hurlemann et al., 2010; Kosfeld et al.,
2005; Olff et al., 2013], an increasing number have reported
that it can promote more selfish ones such as envy and
jealousy [Shamay-Tsoory et al., 2009] and diminish trust in
others, adherence to fairness norms and even reduce social
co-operation in some contexts [Bartz et al., 2011; Declerck
et al., 2010; Radke and de Bruijn, 2012]. Furthermore, OXT
has been shown to facilitate the initial sensation of psycho-
social stress and to enhance stress-related responses in the
anterior cingulate cortex (ACC) and precuneus [Eckstein
et al., 2014]. Moreover, OXT promotes in-group favoritism
and in some contexts aggression toward out-groups [De
Dreu et al., 2010, 2011] which can also be interpreted in
terms of increased self-interest.

In the current study, we have, therefore, first investigated
whether OXT selectively enhances self- as opposed to
other-referential emotional responses and impacts neural
activation in the insula and/or cortical midline structures in
the DMN involved in self-processing. Specifically, in a func-
tional MRI (fMRI) experiment (Exp. 1), we measured behav-

ioral and neural responses during performance of a self-
versus other-referential paradigm using neutral and emo-
tional expression face stimuli including both positive (hap-
piness) and negative (disgust) valences. Disgust rather than
fear-expressions were chosen because the insula is particu-
larly involved in both discriminating and feeling this emo-
tion [Wicker et al., 2003]. Additionally, not only is disgust a
distinctive [Chapman and Anderson, 2012] and primitive
emotion aiding self-preservation through avoidance or
vomiting of potentially toxic substances, but also, impor-
tantly, it can be expressed in the context of moral judg-
ments of behaviors performed either by ourselves or by
others [Chapman et al., 2009; Eskine et al., 2011].

A plethora of findings from lesion, fMRI, and mood-
induction studies support current concepts that emotional
states play a key role in moral decision making [Greene
et al., 2001; Koenigs et al., 2007; Moll et al., 2005]. Two
recent reports have also suggested an involvement of OXT
in moral decision-making with one finding that a specific
receptor polymorphism is associated with increased attri-
bution of culpability for inflicting accidental harm [Walter
et al., 2012] and the other showing that intranasal treat-
ment makes subjects less likely to sacrifice individual in-
group members to save larger numbers of out-group ones
using a few classical moral dilemma scenarios [De Dreu
et al., 2011]. However, neither of these studies addressed
the question of whether OXT influences moral decision
making only in social contexts, which specifically involve
self-benefit. We, therefore, performed a second behavioral
experiment (Exp. 2) investigating OXT-induced changes in
moral decision making using a large number of diverse
moral dilemmas involving either self- or non-self-benefit
scenarios or where there was no moral component.

Our hypothesis was that if OXT selectively enhances
self-protection and self-interest then it should bias behav-
ioral responses toward endorsement of moral dilemmas
involving self-benefit and facilitate neural responses in
cortical midline regions and the insula during self-
referential processing. Conversely, if OXT is more gener-
ally involved in promoting generosity and altruism toward
others in social contexts, we hypothesized that it would
decrease behavioral endorsement of self-benefit scenarios
in moral dilemmas, and either increase neural responses
only during other-referential processing or perhaps pro-
duce an equivalent enhancement of both self- and other-
referential processing.

METHODS

Subjects

We studied 23 healthy men (mean age 6 SD: 25.57 6 3.29
years) in Exp. 1, and 74 healthy men (24.76 6 2.80 years)
and 60 healthy women (23.48 6 2.83 years) in Exp. 2. All
subjects volunteered after giving written, informed consent.
All subjects in Exps. 1 and 2 were free of current and past
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physical or psychiatric illness, as assessed by medical his-
tory and a Structured Clinical Interview for DSM-IV axis I
(SCID-I) and axis II disorders (SCID-II). A comprehensive
neuropsychological test battery showed that all subjects
were within a normal range of cognitive performance and
that there were no significant differences between the OXT
and PLC groups in Exp. 2 (cf. Tables I and II). The study
was approved by the Institutional Review Board (IRB) of
the Medical Faculty of the University of Bonn and was per-
formed in compliance with the latest revision of the Decla-
ration of Helsinki. A detailed synopsis of all experimental
procedures is provided in the Supporting Information (SI).

Drug Application

Exp. 1 was a counter-balanced, double-blind, within-
subject design, and we repeatedly scanned our subjects 30
min after they received either intranasal OXT (24IU;

Syntocinon-Spray, Novartis; three puffs per nostril, each
with 4IU OXT) or PLC (sodium chloride solution) treat-
ment. The intranasal administration of OXT has been
shown to increase central OXT concentration in the cere-
brospinal fluid [Striepens et al., 2013]. In Exp. 2, we used a
between-subject design and the behavioral tests started 30
min after the administration of OXT or PLC.

Experiment 1

For the fMRI task, two picture sets each with 30 dis-
gusted, 30 neutral, and 30 happy faces, were taken from the
validated “Karolinska Directed Emotional Face” database
[Lundqvist et al., 1998]. The photographs were shown for
3 s in a quasi-randomized order (no more than two emo-
tional stimuli were shown in a row). The subjects were
instructed to rate the intensity of their own arousal and the
arousal intensity of the depicted person while they viewed
the picture using an 8-point scale [1 (minimum) to 8

TABLE I. Experiment 1: demographics and

neuropsychological performance

Mean (6 SD)

Age (years) 25.57 (3.29)
Education (years) 17.74 (2.22)
RAVLTa

Trial 1–5b 61.1 (7.85)
Trial 6 retentionc 13.14 (2.03)
Trial 7 delayed recalld 13.32 (1.78)

LPS-4e 31.18 (3.84)
MWT-Bf 31.36 (2.80)
TMT-Ag 24.08 (6.60)
TMT-Bg 59.60 (13.52)
Digit-span, forward 8.41 (1.40)
Digit-span, backwards 7.95 (2.08)
Trait anxietyh 32.50 (6.09)
BDIi 2.50 (2.78)

Verbal declarative memory performance was assessed using a
German adaption of the
aRAVLT (Rey Auditory Verbal Learning Test) and included
blearning performance across five trials (maximum possible score
75)
csusceptibility to interference (maximum possible score 15), and
ddelayed recall (maximum possible score 15). Nonverbal reason-
ing IQ was assessed by the
eLPS (Leistungspr€ufsystem) subtest 4 (maximum possible score
40). Verbal IQ based on lexical decisions was assessed by the
fMWT-B (Mehrfachwahl–Wortschatz–Intelligenz–Test, Teil B)
(maximum possible score 37), visual attention and task-switching
was assessed using the
gTMT-A and TMT-B (Trail-making test A, B) (results displayed in
seconds), and working memory performance was assessed using
the digit-span forward and backward test (maximum possible
score 14). Anxiety symptoms were assessed by the
hState Trait Anxiety Inventory and depressive symptoms by the
self-report
iBDI (Beck Depression Inventory, Version II). See also Supporting
Information Table S1.

TABLE II. Experiment 2: demographics,

neuropsychological performance and personality traits

OXT group
Mean (6SD)

PLC group
Mean (6SD) t P

Males
Age (years) 24.35 (2.97) 25.16 (2.58) 21.25 0.22
Education (years) 16.61 (2.58) 17.11 (1.71) 20.98 0.33
MWT-Aa 30.33 (2.85) 31.33 (2.85) 21.45 0.15
TMT-Ab 25.23 (7.11) 25.25 (7.66) 20.02 0.99
TMT-Bb 62.88 (18.98) 60.90 (19.77) 0.38 0.71
BDIc 4.73 (4.28) 3.35 (3.98) 1.44 0.16
Trait anxietyd 36.32 (7.88) 34.46 (8.83) 0.96 0.34
EPQ realisme 57.68 (13.53) 52.89 (12.69) 1.57 0.12
EPQ idealisme 63.54 (11.03) 62.35 (10.25) 0.48 0.63

Females
Age (years) 23.23 (2.91) 23.73 (2.77) 20.68 0.50
Education (years) 16.41 (2.09) 16.25 (4.19) 0.19 0.85
MWT-Aa 30.18 (2.60) 31.38 (2.73) 1.70 0.09
TMT-Ab 23.83 (8.81) 22.29 (8.03) 0.68 0.50
TMT-Bb 58.84 (19.80) 58.89 (17.53) 20.01 0.99
BDIc 2.58 (2.59) 3.81 (4.29) 21.25 0.22
Trait anxietyd 39.17 (6.92) 38.81 (7.39) 0.19 0.85
EPQ realisme 53.37 (13.82) 57.70 (11.26) 21.33 0.19
EPQ idealisme 71.00 (7.70) 67.77 (8.77) 1.52 0.14

Verbal IQ based on lexical decisions was assessed by the
aMWT-A (Mehrfachwahl-Wortschatz-Intelligenz-Test Teil A)
(maximum possible score 37) and visual attention and task-
switching was assessed using the
bTMT-A and TMT-B (Trail-making test A, B) (results displayed in
seconds). Depressive symptoms were assessed by the self-report
cBDI (Beck Depression Inventory, Version II), and anxiety symp-
toms by the
dSTAI (State Trait Anxiety Inventory). Moral thoughts were meas-
ured using Forsyth’s
eEPQ (Ethics Position Questionnaire).
OXT, oxytocin; PLC, placebo. See also Supporting Information
Table S2.
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(maximum)] presented for 4 s immediately after the photo-
graph. Between trials, a fixation cross (mean duration: 4 s,
range 3–7 s) served as a low-level baseline.

Experiment 2

The moral dilemma scenarios in Exp. 2 were taken from
Greene et al. [2001] and consisted of 20 non-moral, 25 per-
sonal moral, and 17 impersonal examples. Based on the
ratings of our pilot study, the scenarios were subdivided
into non-self-benefit and self-benefit dilemmas (cf. Sup-
porting Information Table S3). The scenarios were pre-
sented as text on a computer screen and by pressing a
button the participants could advance to a question related
to the scenario (“Is it appropriate to. . .?”). All the moral
and nonmoral dilemmas scenarios are self-referential in
that they ask what “you” would decide to do given a cer-
tain set of circumstances. The possible answers were
always either “no” or “yes,” with the latter indicating
endorsement of the proposed action. There was no time
limit for reading the scenario or answering the question.

RESULTS

All subjects were within a normal range of cognitive
performance and there were no significant differences
between the OXT and PLC group in Experiment 2 (all P
values> 0.05; cf. Tables I and II).

Experiment 1

Behavioral results

For the behavior during the fMRI task, a repeated meas-
ures analysis of variance (ANOVA) was computed with
“treatment” (OXT vs. PLC), “perspective” (self vs. other),
and “valence” (negative, neutral, and positive) as within-
subject factors and the ratings as dependent variable. We
found significant main effects of perspective (F(1,22) 5 8.94,
P< 0.01, g2 5 0.29) and valence (F(2,22) 5 124.81, P< 0.01,
g2 5 0.85) as well as an interaction of perspective and
valence (F(2,22) 5 67.83, P< 0.01, g2 5 0.76, cf. Supporting
Information Fig. S1). There was neither a main nor interac-
tion effect of treatment (all Ps> 0.21).

fMRI results

At the whole-brain level, there was no non-specific effect
of OXT across all conditions. To examine valence- and
perspective-dependent effects of OXT, we computed the
following contrasts [disgusted–neutral]OXT> [disgusted–
neutral]PLC and [happy–neutral]OXT> [happy–neutral]PLC

separately for “self” and “other.” Interestingly, we identi-
fied a significant cluster extending from the middle to
anterior parts of the cingulate cortex and another cluster
in the precuneus after OXT treatment specifically for dis-

gusted faces in the “self” condition. An inspection of the
extracted parameter estimates for these clusters confirmed
that this effect was due to an increased response to the
evaluation of disgusted faces after OXT treatment (Fig.
1A,B). In a next step, we compared this disgust-specific
OXT effect in the “self” and “other” conditions and found
that the precuneus activation was significantly stronger
during the self-assessment (MNI x, y, z: 218, 258, 42,
Z 5 4.19, k 5 499).

A region-of-interest analysis restricted to the insula
revealed an OXT effect again only for the evaluation of
disgusted faces, but this occurred both in the “self” (Fig.
1C) and “other” assessment conditions (MNI x, y, z: 36, 18,
6, Z 5 2.67). Again, the extracted parameter estimates dem-
onstrated that this effect was driven by an increased
response to the rating of disgust after OXT administration.

Experiment 2

A mixed model ANOVA with the percentage endorse-
ment of the dilemmas as dependent variable, the dilemma
category (self-benefit moral, non-self-benefit moral and
non-moral) as within-subject factor, as well as treatment
(OXT vs. PLC) and sex as between-subject factors yielded
a main effect of category (F(1.59,206.31) 5 272.97, P< 0.01,
g2 5 0.68), an interaction between category and sex
(F(1.59,206.31) 5 3.64, P 5 0.03, g2 5 0.03), and an interaction
between treatment, sex and the dilemma type
(F(1.59,206.31) 5 9.28, P< 0.01, g2 5 0.07). The category effect
consisted of a linear trend (F(1,130) 5 215.05, P< 0.01,
g2 5 0.62), with self-benefit scenarios being least and non-
moral dilemmas being most endorsed. The interaction
between category and sex was related to a higher endorse-
ment in men, particularly for self-benefit (t(132) 5 2.44,
P 5 0.02, d 5 0.42) and non-self-benefit (t(110.46) 5 2.60,
P 5 0.01, d 5 0.49) moral dilemmas. There was no main
treatment effect (P 5 0.57), but post hoc independent t-tests
revealed that OXT compared to PLC selectively increased
approval of self-benefit items in men (t(72) 5 2.45, P 5 0.02,
d 5 0.58; Fig. 2A) and decreased the approval in women
(t(58) 5 22.49, P 5 0.02, d 5 0.65; Fig. 2B, see also Support-
ing Information Fig. S2). In an analysis based on Greene’s
taxonomy of personal and impersonal moral dilemmas, no
significant OXT effects emerged (all Ps> 0.69). These
results argue against a general OXT effect on utilitarian or
deontological morality.

We also computed the reaction time (RT) difference
between scenarios in which a behavior was accepted or
rejected and found a main effect of scenario type
(F(1.78,225.48) 5 20.04, P< 0.01, g2 5 0.14), with the RT differ-
ence for self-benefit dilemmas being significantly longer
compared to non-self-benefit (t(130) 5 23.68, P< 0.01,
d 5 0.65) or non-moral (t(130) 5 5.55, P< 0.01, d 5 0.97) ones.
This RT difference may indicate a conflict between the
intuitive and automatic rejection of the described behavior,
on the one hand and the deliberate self-benefit-driven
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reasoning, on the other. We also observed an interaction of
category and treatment (F(1.78,225.48) 5 7.38, P< 0.01,
g2 5 0.06) and no further interactions (all Ps> 0.79). How-
ever, an exploratory analysis revealed that OXT enhanced
the RT differences only for female participants
(t(42.97) 5 2.69, P 5 0.02, d 5 0.82; Fig. 2D), but not for men
(P 5 0.16; Fig. 2C), suggesting that OXT enhanced the
underlying tension between these competing mechanisms
only in women.

OXT did not affect cognitive abilities in general as indi-
cated by the absence of any influence of OXT on the RT for
reading or responding to the dilemmas (all Ps> 0.14). In
view of the fact that non-self-benefit and non-moral dilem-
mas had both a higher overall endorsement rate and shorter
accept versus reject RT compared with self-benefit ones, it
was possible that OXT effects in the latter might have only
been revealed because in general self-benefit dilemmas were
less likely to be endorsed. We, therefore, performed a sepa-

rate analysis using 10 non-self-benefit and non-moral dilem-
mas, which yielded the lowest endorsement rates. This still
revealed no significant influence of OXT treatment for either
the non-self-benefit (mean % endorsed, $ OXT 5 2.67 6 5.21,
$ PLC 5 4.67 6 6.29, P 5 0.19; # OXT 5 6.76 6 7.84, #

PLC 5 5.95 6 7.25, P 5 0.65) or non-moral dilemma catego-
ries ($ OXT 5 25.33 6 15.25, $ PLC 5 23.67 6 13.26, P 5 0.65;
# OXT 5 23.24 6 12.03, # PLC 5 26.76 6 14.15, P 5 0.25).
Thus, we can exclude item difficulty as a possible confound.
In both Exps. 1 and 2, OXT had no modulatory influence on
state anxiety or positive/negative affect (cf. Supporting
Information Tables S1 and S2).

DISCUSSION

In the present study, we aimed at elucidating potential
neural and behavioral effects of OXT on self-referential

Figure 1.

OXT’s influence on self-referential processing of social signals of

disgust (Experiment 1; n 5 23). OXT enhanced neural activity in

the anterior and middle cingulate cortex (OXT(Disgus-

ted>Neutral)> PLC(Disgusted>Neutral); display threshold P< 0.005

uncorrected; MNI peak coordinates x, y, z: 8, 26, 34, Z 5 4.00,

k 5 648) (A), in the precuneus (MNI peak coordinates x, y, z: 2,

266, 44, Z 5 3.67, k 5 333) (B), and in the anterior insula (MNI

peak coordinates x, y, z: 34, 22, 4, Z 5 2.75) (C). Error bars indi-

cate the standard error of the mean (SEM). See also Supporting

Information Figure S1. Abbreviations: A, anterior; L, left hemi-

sphere; OXT, oxytocin; P, posterior; PLC, placebo; R, right hemi-

sphere; *P< 0.05; #P< 0.10.
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processing using both self- and other-evaluation of arousal
by positive (happy) and negative (disgust) emotional stim-
uli and endorsement of moral dilemmas with either a
potential self- or non-self-benefit outcome. We report the
first evidence that OXT increases neural activity in two
cortical midline regions widely implicated in self-
processing, that is, the precuneus and ACC, during self-
referential processing of disgusted faces. Increased activa-
tion of the insula following OXT-treatment occurred dur-
ing both self- and other-referential evaluation of disgust
faces. Behavioral support for an impact of OXT on self-
processing was also found since it biased male subjects to
more strongly endorse self-benefit outcomes in moral
dilemmas but did not influence decision making in ones
without a self-benefit outcome or involving nonmoral con-
texts. By contrast, in female participants OXT directed the

behavior toward other-regarding preferences, with self-
benefit dilemmas being less endorsed and the RT differ-
ence between accepted and rejected self-benefit dilemmas
being increased.

On the neural level, OXT facilitated self-referential neu-
ral responses in the ACC and precuneus and to both “self”
and “other” in the insula, but there was no corresponding
impact on arousal. Thus, enhanced self-related activation
in the precuneus and ACC and of both self- and other-
related activation in the insula are unlikely to reflect a
facilitated emotional response but increased attention to
identification and self-referencing of social cues most rele-
vant for promoting a self-protection response. The ACC,
insula, and precuneus all share functional connections
[Cauda et al., 2011] and have been strongly implicated in
interoceptive awareness and self-referential processing

Figure 2.

OXT’s effect on moral decision making (Experiment 2). OXT

specifically increased the endorsement of self-benefit moral

dilemmas in men (n 5 74) and decreased the endorsement of

these dilemmas in women (n 5 60; (A)). Higher difference

scores between the RT for the acceptance and rejection of self-

benefit moral dilemmas compared to non-benefit or non-moral

scenarios indicate that the automatic, default response in the

former dilemma type is a rejection. OXT did not significantly

alter this RT difference in men, but it increased the difference in

women (B). Error bars indicate the standard error of the mean

(SEM). See also Supporting Information Figure S2 and Table S3.

Abbreviations: OXT, oxytocin; PLC, placebo; RT, reaction time;

*P< 0.05.
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[Cabanis et al., 2013; Caseras et al., 2013; Damasio and
Carvalho, 2013]. The anterior insula also mediates conver-
gence between bodily states and emotional experience and
so OXT may directly affect emotional experience [Zaki
et al., 2012]. Interestingly, the precuneus and the ACC
exhibit significantly enhanced activation in response to
self-intended violations of moral norms [Berthoz et al.,
2002]. In our current study, self-benefit moral dilemmas
were rarely endorsed under PLC, suggesting that their
endorsement would reflect a norm violation. Thus, by
inducing a bias in self-benefit moral decision making in
men, OXT may be promoting norm violation behavior in
the context of self-protection.

On the face of it, the finding that OXT enhances both self-
processing and selfish decision making in the context of
moral dilemmas in men might seem to suggest an egocen-
tric antisocial role, which is very much at odds with its
established importance for promoting maternal and partner
bonds [Scheele et al., 2012, 2013; Striepens et al., 2014]. How-
ever, it has become clear from both behavioral and fMRI
experiments that self-processing extends to incorporate sig-
nificant others, and this obviously includes partners and
children [Aron and Fraley, 1999; Krienen et al., 2010]. Thus,
exhibiting potentially costly selfish behavior during moral
decision making is not only benefiting self but also can be
considered to benefit others with whom an individual has
close social bonds. In this way, by increasing selfish behav-
ior OXT is also acting to promote such bonds by increasing
protective and supportive behaviors, which will aid survival
of partners and close family even at a risk of evoking hostil-
ity from other group members, thereby effectively redefining
in-group membership. Previous work has shown consistent
OXT effects on facilitating in-group favoritism [Van Ijzen-
doorn and Bakermans-Kranenburg, 2012]. Interestingly a
recent study on male rhesus monkeys also reported a facili-
tatory effect of OXT on self-reward behavior in the context
of a choice between rewarding self or other. However, it
also increased giving vicarious rewards to other monkeys
when self-reward was not an option [Chang et al., 2012].

The opposite effect of OXT in women compared to men
is surprising and may indicate sex-specific evolutionary
mechanisms by which survival of in-group members is
promoted. For women, a strategy appears to be adaptive
in which OXT release triggers other-regarding behavior,
even if this means forfeiting personal interests. Our find-
ing is consistent with a recent study showing that OXT
makes women, but not men, less forgiving of betrayal in
the trust game [Yao et al., 2014]. Put differently, OXT
appears to augment the punishment of selfish behavior in
women. Sex-dimorphic effects of OXT have been reported
in several previous studies [Domes et al., 2010; Preckel
et al., 2014; Rilling et al., 2014] and might be related to sex
differences in human OXT receptor distributions. Likewise,
sex-specific effects of OXT may be at least partially medi-
ated by dynamic interactions between OXT and steroid
hormones such as testosterone [Weisman et al., 2014]. Dis-
tinct OXT effects in women and men may also reside in

differential dose–response relationships, which may
require a weight-dependent dose titration in future stud-
ies. The absence of an OXT effect on selfish decision mak-
ing in non-moral contexts, in the current study, may
simply reflect the fact that self-benefit decision making
under these circumstances is associated with a low risk of
blame and possible retribution from others.

Currently, there are two influential and only partially com-
patible models of moral reasoning. The dual-process model
[Greene et al., 2004] posits that an emotional system favors a
prepotent rejection of “utilitarian” decisions, for instance,
pushing an innocent man onto the tracks in front of a run-
away trolley to save the life of five other men – a prepotent
response that can be overridden by cognitive control. By
contrast, the corticolimbic integration model [Moll et al.,
2005] argues that competition will occur among cognitive–
emotional options. The preserved RT difference for self-
benefit dilemmas after OXT administration in men suggests
that OXT does not interfere with the generation of emotional
responses, which infuse moral judgment, but may rather
sharpen self-referential emotion differentiation, thus enabling
subjects to behave more consistently with pre-existing ethical
preferences. The endorsement rate of self-benefit dilemmas
observed for women is further decreased by OXT and a
proxy for an internal conflict, the RT difference between
accepted and rejected dilemmas, is enhanced.

Overall our findings add support to the idea that archaic
neurohumoral systems can influence the sophisticated
sphere of human morality, but in men, the direction of this
effect points to an increased self-referential focus instead of
an enhanced response to moral disgust. These results argue
against an OXT-induced non-specific generosity effect [Zak
et al., 2007], which has been obtained for decisions in a neu-
roeconomic task and could not be replicated in an extended
version of the game [Radke and de Bruijn, 2012]. Our find-
ings resonate well with a clinical trial [Guastella et al., 2009]
showing that OXT as an adjunct to exposure therapy can
facilitate a more accurate appraisal of speech performance
in patients with social anxiety disorder typically displaying
exaggerated negative mental self-representation. Further-
more, intranasal OXT administration has been reported to
sharpen self-other perceptual boundaries in a facial morph-
ing procedure [Colonnello et al., 2013] and to intensify self-
perception assessed by self-report personality measure-
ments [Cardoso et al., 2012]. Thus, OXT may strengthen
emotional granularity, that is, it may enable subjects to rep-
resent emotional experiences more precisely and more spe-
cifically. In other words, OXT may improve the ability to
elicit and/or register somatic markers [Damasio and Car-
valho, 2013]. Even the empathogenic actions of OXT [Hurle-
mann et al., 2010] may be partially mediated by such a
neural mechanism, suggesting that increased empathy is a
result, or even by-product, of sharpened interoceptive
awareness [Ernst et al., 2014].

The specificity of our neural findings for disgusted
expressions fits with the idea that the OXT system has
evolved not only to maintain and promote attachment-
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related functions but also to defend the organism against
environmental perils and threats. Recently, faster
responses to disgusted faces in an approach/avoidance
task after OXT administration have been interpreted as a
form of preventive and adaptive behavior [Theodoridou
et al., 2013]. Here we show that this evolutionary function
may exert its influence also in the culturally more sophisti-
cated domain of moral decision making, even in the
absence of an impending physical threat.

One limitation to our study is that all female subjects
took oral contraceptives. By recruiting such a homogenous
sample, we controlled for possible menstrual cycle-related
changes in endogenous OXT levels [Salonia et al., 2005], but
we cannot exclude that altered gonadal steroid concentra-
tions may have contributed to our results [Montoya et al.,
2013]. Furthermore, there is some evidence indicating that
judgments of moral permissibility vary with age [Moran
et al., 2012], and it is currently unclear whether sex-specific
response patterns remain stable across the lifespan, preclud-
ing an extrapolation of our findings to aged populations.

Taken together, we show that in men intranasal admin-
istration of OXT may induce a self-referential processing
bias, evident not only in the neural response to social sig-
nals of disgust but also in the sophisticated sphere of
human morality. We argue that increased self-focus
evoked by OXT is compatible both with enhanced process-
ing of salient negative or ambiguous emotional cues and
also with increased selfishness to promote survival both of
self and of an individual’s own family group. On the other
hand, in women, OXT may act upon enhancing other-
regarding behavior to facilitate offspring survival by pro-
moting altruistic decisions and wider social group co-
operation, perhaps reflecting the importance of communal
care. This gender difference also resonates with genomic
imprinting theories. Some imprinted genes have been
shown to influence brain OXT expression, and there is
some evidence to suggest that paternally imprinted genes
promote altruistic behaviors in females, whereas mater-
nally imprinted ones may promote selfishness in males
[Tollkuhn et al., 2010; Ubeda and Gardner, 2010]. Our
results also have an implication for the use of OXT in clin-
ical trials investigating its potential as an augmenting
adjunct to therapies for mental illness, since many psychi-
atric disorders are characterized by problems with self-
processing [Zhao et al., 2013].
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