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Abstract: Unlike any other species, humans frequently
engage in altruistic behaviors by which they increase
another individual’s welfare even if this implies personal
costs. The psychological motives underlying altruistic
behaviors remain diverse, ranging from the ability to
reciprocate trust and cooperation to bonding and empathizing with family members or even genetically unrelated others. This article explores the neuroendocrine
architecture of altruism by emphasizing the crucial role
of the evolutionarily highly conserved peptide hormone
oxytocin as a modulator of cooperative behaviors including empathy-driven altruism. However, accumulating evidence suggests that oxytocin does not invariably facilitate
cooperation but also produces protective or even defensive-aggressive responses in specific social contexts. In
addition, we highlight the relevance of message frames
as critical determinants of whether the peptide promotes
altruism toward prosocial ends.
Keywords: altruism; altruistic punishment; empathy; oxytocin; parochial altruism.

Introduction
Over millennia, altruism has been one of the guiding
principles in society, but it was only in the 19th century
that Auguste Comte first introduced the notion ‘vivre
pour autrui’ (Comte and Fetscher, 1966), a concept which
referred to a societal motive superior to egoism. Although
studies provided evidence that also microorganisms and
plants are able to recognize kin and act altruistically (Lee
et al., 2010; Wu et al., 2013), it is only in humans that
altruism is being observed between unrelated individuals. By definition, an altruist is a person who increases the
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welfare of another individual even if it implies a personal
disadvantage in terms of health, money, or resources
(Fehr and Fischbacher, 2003). Over the years, kin selection (Hamilton, 1964) and parochial altruism (Bernhard
et al., 2006) emerged as central concepts to explain
human altruism. Insights from the evolution of cooperation suggest that the motivations for human altruism are
diverse and deeply rooted in the neuroendocrine architecture of the social brain (Fehr and Fischbacher, 2003,
2004). Specifically, the evolutionarily highly conserved
nonapeptide hormone oxytocin (OXT) has a well-established role in human sociality, including altruistic behavior (Young and Wang, 2004; Israel et al., 2012; Hurlemann
and Marsh, 2016). Endogenous OXT is synthesized in the
paraventricular, supraoptic, and accessory magnocellular nuclei of the hypothalamus which send projections to
the posterior pituitary gland where they secrete OXT into
systemic circulation. In the periphery, OXT stimulates
uterine contraction during parturition and milk let-down
during lactation (Carter, 1998; Donaldson and Young,
2008). In addition, OXT is centrally released via volume
and wiring transmission and modulates a diverse repertoire of social and reproductive behaviors (Stoop, 2012).
This is also demonstrated by a plethora of behavioral and
neuroimaging studies in humans, in which exogenous
delivery of OXT as a nasal spray alters outcome measures
of behavioral and neural response (Meyer-Lindenberg
et al., 2011; Striepens et al., 2011; Yamasue et al., 2012),
with effect sizes ranging from weak (d = 0.21 for face recognition) to moderate (d = 0.43 for in-group trust) (van
Ijzendoorn and Bakermans-Kranenburg, 2011), and the
left insular cortex showing the most robust activation
(Wigton et al., 2015). These findings are consistent with
studies in humans (Striepens et al., 2013) and non-human
primates (Dal Monte et al., 2014; Freeman et al., 2016) that
intranasal administration of OXT leads to increased cerebrospinal fluid concentrations of the peptide, although
the precise pathways of transnasal brain penetration and
dose-response relationships remain to be characterized.
The existing evidence from studies in humans suggests
that intranasal delivery of OXT promotes positive social
behaviors such as trust (Kosfeld et al., 2005; Baumgartner
et al., 2008; but see Nave et al., 2015), intra-group cooperation (De Dreu and Kret, 2015), and empathic responding
(Domes et al., 2007a,b; Hurlemann et al., 2010; Abu-Akel
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et al., 2015; but see Radke and de Bruijn 2015), most likely
by increasing the salience of social cues (Scheele et al.,
2015; Shamay-Tsoory and Abu-Akel, 2015). This view is substantiated by evidence of OXT’s pivotal role in mother-offspring and partner bonds (Eckstein and Hurlemann, 2013;
Hurlemann and Scheele, 2016) as well as social approach
behavior (Scheele et al., 2012b; Preckel et al., 2014). It is
important to note, though, that the effects of OXT remain
highly sensitive to person-specific and contextual factors
(Bartz et al., 2011; Olff et al., 2013; Hurlemann, 2017), and
thus, might also evoke protective and defensive-aggressive reactions, especially with respect to competing outgroups (Shamay-Tsoory et al., 2009; De Dreu et al., 2010,
2015; Striepens et al., 2012; Samuni et al., 2017). Neural
effects of intranasally administered OXT consistently
target reward- (Donaldson and Young, 2008; Skuse and
Gallagher, 2009; Scheele et al., 2013; but see Striepens
et al., 2014) and fear-related circuits (Kirsch et al., 2005;
Domes et al., 2007a,b; Meyer-Lindenberg et al., 2011; see
also Stoop et al., 2015), which may explain the prosocial
and anxiolytic profile of the peptide. Given this empirical
background, OXT is hypothesized to significantly contribute to human altruism, including kin-based, parochial,
and empathy-based altruism. The rationale of this article
is to provide a conceptual and thematic overview of preclinical research specifically examining the modulatory
effects of intranasal OXT on altruistic behavior in humans.
In the first section, we summarize findings related to kinbased altruism and give a brief overlook of current evolutionary concepts of human parenting and pair-bond
formation. In the second section, we focus the peptide’s
effects on altruism among non-kin, including parochial
altruism and altruistic punishment, by capitalizing on
motives of reciprocity, fairness, and empathy. A concluding section provides a brief synopsis and discusses future
avenues of research into empathy-based altruism.

Oxytocin and altruism among kin
The relationships we form with our families, friends,
and partners are integral to the organization and function of human society. From an evolutionary perspective, altruism toward those most closely related to us is
highly beneficial, because it promotes survival in habitats
characterized by ubiquitous social and environmental
threats (Krebs and Davies, 1993). Although kinship theory
is a well-established concept to explain the evolution of
human altruism, different researchers formulated contrasting views about it (Nowak et al., 2010). By definition,

kin selection relies on mechanisms for identifying, detecting, and bonding with biological kin (Lieberman et al.,
2007). A long lineage of research provides evidence that
most of these attachment-related behaviors are associated with the OXT system (Insel and Young, 2001; Carter
et al., 2008; Hurlemann and Scheele, 2016). The following
section reviews the role of OXT in the context of human
parenting and pair-bond formation, which have been
conceptualized to foster inclusive fitness by forming and
maintaining social relationships.

Oxytocin and parental care
From an evolutionary perspective, one of the most fundamental social bonds emerges between parents and their
offspring. Human parenting typically requires making
costly sacrifices in order to nurse and care for the offspring, so a child has a chance to survive to reproductive
age (Kaplan et al., 2000). In women, care-based processes
start during gestation and continue throughout an even
longer period of nursing, whereas in fathers the carebased phase often is initiated by the time of birth (Krebs
and Davies, 1993). The initiation and maintenance of such
fundamental social bonds, which create a sense of safety,
security, and belonging between parents and their children, has been found to be modulated by OXT (Scheele
et al., 2012b; Eckstein and Hurlemann, 2013; Hurlemann
and Scheele, 2016; see also Insel and Young, 2001; Rilling
and Young, 2014). For example, giving care to infants
is associated with increased plasma concentrations of
endogenous OXT in both mothers and fathers (Gordon
et al., 2010; Mascaro et al., 2014). Furthermore, intranasal administration of OXT reduces hostility in fathers and
motivates them to support exploration behavior in their
children (Naber et al., 2010). Interestingly, OXT promotes
women’s responsiveness to infant crying (Riem et al.,
2011), whereas in response to child pictures fathers not
only exhibit higher OXT plasma concentrations, but also
show a stronger activation in brain regions important for
the decoding of facial emotion (caudal middle frontal
gyrus), mentalizing (temporoparietal junction), and
reward processing (medial orbitofrontal cortex) relative
to non-fathers (Mascaro et al., 2014). On the neural level,
intranasal OXT was found to attenuate amygdala response
in women exposed to infant laughter. In contrast, infant
crying evokes responses of the insula and inferior frontal
gyrus, i.e., brain regions strongly implicated in empathy
(Riem et al., 2011, 2012). This resonates well with findings that OXT induces a tendency in mothers to create
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a positive social environment for the child, whereas the
peptide appears to promote defense-motivated aggression to threat in fathers (Rilling et al., 2014), consistent with or perhaps even driven by changes in social
approach and avoidance behaviors (Domes et al., 2007a;
Wittfoth-Schardt et al., 2012). Taken together, the data
suggest that kin-based altruism is deeply anchored in our
evolutionary past, which implies that attachment-related
behaviors enable positive parent-offspring relationships,
and at the same time evoke defensive responses protecting the offspring toward outside threats (Hahn-Holbrook
et al., 2011).

Oxytocin and pair-bond formation
The formation of human pair bonds represents a function
of similar relevance for ensuring reproductive success
and offspring survival and appears to be closely linked to
altruism. For example, Singh Bhogal et al. (2016) reported
that men viewing images of attractive women showed an
increase in cooperative and altruistic behavior, whereas
women associated altruistic behavior in men with greater
physical attractiveness (Farrelly et al., 2016).
OXT has a well-established role in forming and maintaining human pair bonds (Insel and Young, 2001; Hurlemann and Scheele, 2016). In a seminal study, Ditzen et al.
(2009) videotaped male-female couples during a dispute
focused on pre-defined conflicts (e.g. Finances, educational issues, leisure time) and found increased positive
relative to negative communication patterns and reduced
salivary cortisol levels in those couples who had received
intranasal OXT before the argument. In line with these
results is another study showing that a warm touch among
couples increased salivary concentrations of endogenous
OXT and attenuated physiological measures of stress
(Holt-Lunstad et al., 2008), which is consistent with OXT’s
putative influence on the activity of the hypothalamuspituitary-adrenal axis (Carter, 1998). These findings resonate well with neuroimaging evidence that intranasal
OXT stimulates the brain’s reward centers (including the
ventral tegmental area and the nucleus accumbens) in
males viewing the face of their female partners (Scheele
et al., 2013). Moreover, intranasal OXT motivates pairbonded, but not single, men to keep a greater social distance from an unknown female experimenter (Scheele
et al., 2012b). It thus appears that OXT has a significant
role in promoting monogamous behavior by creating
incentives for sexual fidelity via the reward system, which
may, in the long run, reduce stress and improve salutogenesis, at least in males.
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Oxytocin and altruism beyond
family ties
In addition to the bonds with family members and close
relatives, human beings need friendship and cooperation not only for survival in hostile environments but
also for health, longevity, and life satisfaction. Throughout history, humans cooperate with unrelated others and
sacrifice their resources in order to advance and defend
the collective fitness of their own group against competing out-groups. This form of altruism is parochial (Bernhard et al., 2006) and thought to support the formation
of highly cohesive in-groups, in which individuals share
common interests, disseminate knowledge, and learn
how to negotiate and trade (Fehr et al., 2002). But why do
humans repeatedly engage in behaviors that are costly to
themselves in order to provide help for strangers in need
(Fehr et al., 2002)? Parochial altruism describes an ingroup favoritism (Bernhard et al., 2006) along with the
tendency to protect the in-group alliance against outside
threat, even if this implies to reject, derogate, or harm outgroup members (Choi and Bowles, 2007). Parochial altruism is often associated with motives of reciprocity (Trivers,
1971; Fehr et al., 2002; Fehr and Fischbacher, 2004) or
moral-normative principles, such as justice and fairness
(Fehr and Gachter, 2002). Interestingly, altruistic behavior can also result from empathic concern and overcome
out-group hostility (Preston and de Waal, 2002; de Waal,
2008; Batson, 2011), as illustrated in the biblical parable
of the Good Samaritan (Luke 10:25–37). In the following,
we elucidate the influence of OXT on altruistic motives in
social groups and beyond.

Oxytocin in human cooperation
Cooperation within and between groups requires trust,
because cooperative exchanges are often separated in
time. In a landmark study, Kosfeld et al. (2005) tested the
modulatory effects of intranasal OXT on altruism among
unrelated individuals. Specifically, subjects were exposed
to a trust game including monetary exchanges between
an investor and an anonymous trustee either framed as
a computer or an unfamiliar person. Only in the latter
condition, the peptide increased the amount of money
investors gave to the trustee. Consistent with this are neuroimaging findings that individuals with higher levels
of trust exhibit greater neural activity in the subgenual
cingulate (Moll et al., 2006), which is rich in OXT receptors and modulates striatal dopamine release (Barberis
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and Tribollet, 1996). Furthermore, trusting behavior was
found to be sustained in subjects treated with intranasal OXT, even after they learned that their trust had
been breached several times (Baumgartner et al., 2008).
Another study by Declerck et al. (2010) found that intranasal OXT increased cooperation when social information was provided and subjects had prior contact with
an interaction partner (Declerck et al., 2014), suggesting
that the prosocial effects of intranasal OXT on cooperation depend on individual person- and context-related
factors. The underlying motive of reciprocity, i.e., the
repayment of what others have provided us, is thought to
be important for the maintenance of social relationships.
If favors are not returned, relationships may be short
lived (van den Bos et al., 2009). As a consequence, many
individuals display a propensity to detect and punish
non-cooperation and/or social norm violation, even if
this incurs a personal cost (Fehr and Gachter, 2002).
Such ‘altruistic punishment’ is amygdala dependent
(Scheele et al., 2012a) and tempered down by intranasal
OXT. Instead, intranasal OXT has been shown to enhance
empathy for the victim of social norm violations, evident
in stronger tendencies to judge criminal offenses as being
more harmful for the victim (Krueger et al., 2013) and to
support the victim financially (Hu et al., 2016).

and Tribollet, 1996; Báez-Mendoza and Schultz, 2013),
a region dense in OXT receptors (Barberis and Tribollet,
1996). This empirical background strongly implicates OXT
in regulating altruistic behavior driven by empathy.
The decoding of other people’s cooperative intentions and the prediction of their underlying attitudes
and values is referred to as ‘cognitive empathy’, whereas
‘emotional empathy’ is about mirroring or sharing their
emotions. Both the emotional and cognitive components of empathy are regulated by OXT, as documented
by behavioral studies showing improved performance
in the ‘Multifaceted Empathy Test’ (Hurlemann et al.,
2010) and ‘Reading the Mind in the Eyes Test’ (Domes
et al., 2007b; but see Radke and de Bruijn, 2015) following intranasal administration of the peptide. Individuals exhibiting difficulties in empathic responding due
to alexithymia (Luminet et al., 2011) or autism spectrum
disorders (Guastella et al., 2010) appear to particularly
benefit from intranasal OXT treatment. Consistent with
these behavioral findings are neuroimaging studies
showing that intranasal OXT activates regions within the

Oxytocin and empathy-driven
altruism
Empathy has been proposed as a powerful motive for
altruism toward distressed and vulnerable strangers
(Preston and de Waal, 2002; Batson, 2011; Preston, 2013;
Marsh, 2016). Typical examples for empathy-based
altruism – also referred to as ‘non-reciprocal altruism’
– include monetary donations toward homeless people,
humanitarian aid for refugees, or living organ donations
(Fellner and Schwartz, 1971). Brain areas associated
with reward and fear processing (Harbaugh et al., 2007),
including the amygdala (Gospic et al., 2014; Marsh et al.,
2014; Hein et al., 2016), have been assigned a central role
in modulating empathy-driven altruism. Neuroimaging
studies have consistently pointed to the reward system
(Scheele et al., 2013; Bos et al., 2015) and fear-related circuits (Riem et al., 2011; Rilling et al., 2012; Striepens et al.,
2012; Eckstein et al., 2015) as important loci of intranasal
OXT action. Furthermore, charitable donations have been
associated with differential activity in the subgenual cingulate area (Moll et al., 2006) and the striatum (Harbaugh
et al., 2007), two regions dense in OXT receptors (Baberis

Figure 1: Experimental effects of intranasal oxytocin on human
behavior.
One hundred male participants were tested using a sustainabilityrelated monetary donation task, with the option to support either a
socially or ecologically framed charity after receiving a 24-IU nasal
dose of synthetic oxytocin (OXT) or placebo. The maximum possible
donation for each project was EUR 10. The social charity had the aim
to help the indigenous people living in an area of the Congo delta,
whereas the ecological charity project had the aim to save the rainforest in that preserve. The results show that intranasal OXT more
than doubled the sums donated to the social charity (social frame)
and substantially decreased donations to the non-social charity
(ecological frame), while keeping constant the overall proportion of
donated money (numbers indicate the average amount of donated
money). Error bars indicate the standard error of the mean. Asterisks indicate statistical significance (p-values < 0.05). (Adapted from
Marsh et al., 2015).
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empathy network, including the inferior frontal gyrus,
the posterior superior temporal sulcus, and the inferior
parietal lobe (Levy et al., 2015).
Using game theoretical approaches, previous
studies reported an OXT-induced increase in generosity
(Zak et al., 2007; see also van Ijzendoorn et al., 2011).
However, only recent studies have begun to unravel the
contribution of OXT to empathy-driven altruism. In two
independent experiments involving a total of 172 volunteers, Marsh et al. (2015) found that intranasal OXT
induced a social altruism bias in subjects exposed to a
social vs. an ecological charity. Specifically, participants
were introduced to a monetary donation task, which
was framed as supporting either a social or an ecological charity project. The aim of the social charity was to
help indigenous people living in an area of the Congo
delta, whereas the aim of the ecological charity was to
preserve the rainforest in that particular preserve. The
results showed that intranasal OXT reversed the behavioral pattern observed under placebo by increasing
donations for the social charity project and decreasing
donations to the ecological charity project. Notably,
the peptide had no effect on the overall donations, suggesting that the peptide selectively increases sensitivity to socially framed messages rather than increasing
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generosity per se (Figure 1). We thus propose that the
prosocial effects of intranasal OXT on human altruism
crucially depend on message frames and their interactions with individual person- and context-related factors
(Figure 2).

Conclusions
Altruism is a social phenomenon deeply rooted in the
evolutionary past of humanity. Across cultures, this form
of prosocial behavior is observable both among close
relatives and between genetically unrelated individuals.
Mounting evidence suggests that the neuropeptide OXT is
centrally involved in orchestrating empathy and empathybased altruism, with recent studies emphasizing the relevance of message frames in determining the direction and
magnitude of OXT effects (Marsh et al., 2015; Hurlemann,
2017). However, to date most studies involve male subjects
only. Thus, future research involving females is warranted
to generalize and further specify the effects of intranasal
OXT on human altruism. Another important aspect in
OXT-altruism research will be to further elucidate the criteria of message frames under which OXT promotes altruism toward prosocial ends.

Figure 2: Model of the influence of oxytocin on human altruism.
The behavior-modifying effects of intranasal oxytocin (OXT) appear to be highly sensitive to message frames and their interactions with
individual person- and context-related factors. According to our model, intranasal OXT modulates functioning in at least three partially overlapping neural networks, including salience-, reward-, and fear-related circuits. For example, intranasal OXT may promote empathy-driven
altruism toward a stranger in need by attenuating amygdala reactivity and increasing the perceived salience of social approach signals.
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