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Oxytocininsocial conflict
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Although oxytocinis widely known as the
‘love hormone’,itis also released during social
conflict, promoting acute social defence

and facilitating neural circuit plasticity that
heightens future social avoidance, vigilance
and sensitivity to non-social stressors.

Oxytocin, anine-amino-acid neuropeptide, is among the most evolu-
tionarily conserved neuromodulators, with homologous systems found
across vertebrates from fish to mammals'. It is synthesized primarily by
neuronsin the paraventricular nucleus and supraoptic nucleus of the
hypothalamus, which release oxytocin both peripherally, viathe pos-
terior pituitary, and centrally, through projections to widespread brain
regions. Oxytocinacts through a single known receptor, the oxytocin
receptor (OXTR), a G protein-coupled receptor that predominantly
engages Gq signalling and often increases neuronal excitability. First
identified more than a century ago for its peripheral roles in parturi-
tionand lactation, oxytocin later became closely associated with social
bonding, particularly through seminal work in monogamous prairie
voles'. This history gave rise to the enduring view of oxytocinas a ‘love
and trust’ hormone.

Thatview, however, istoo narrow. The same evolutionary logic that
made oxytocin useful for reinforcing affiliative bonds also makes it well
suited to shape behaviour after adverse social experiences, including
social defeat. In social groups, survival depends not only on knowing
whomto approach, butalso onlearning whomto avoid, whento submit
and when to remain vigilant. Oxytocinis therefore better understood
notasauniformly prosocial signal, but as a context-dependent regula-
tor of social adaptation. In positive settings, it can promote bonding,
care and affiliation. In negative settings, it can enhance defensive
responses, facilitate aversive social learning and heighten vigilance,
thereby helping animals adapt to future conflict.

One useful way to organize these emerging findings is by time-
scale. The earliest role of oxytocin in the response to conflict appears
during the defeat encounter itself. Social defeat activates oxytocin
neurons in several regions, including the paraventricular nucleus,
supraoptic nucleus, retrochiasmatic supraopticregion (SOR) and bed
nucleus of the stria terminalis (BNST)” The oxytocin released during
this acute phase probably facilitates defensive responding through
OXTR-dependent mechanisms. Consistent with this idea, mice lacking
OXTR show reduced defeat posture during repeated social defeat?.
One candidatelocus for thisactionis the anterior ventrolateral part of
the ventromedial hypothalamus (VMH). OXTR-expressing neuronsin
the anterior ventrolateral VMH are strongly activated during defeat’,
and optogenetic inhibition of oestrogen receptor-expressing neu-
rons in the anterior ventrolateral VMH, which partially overlap with
OXTR-expressing cells, compromises the animal’s ability to evade and
terminate attacks fromanaggressor*. Electrophysiological recordings
further show that oxytocinrobustly depolarizes neuronsinthe anterior

ventrolateral VMH and increases their firing rate’. Together, these
findings support a model in which oxytocin released during defeat
raises anterior ventrolateral VMH activity to promote active defensive
behaviours that help terminate attacks, although direct functional
evidencelinking OXTR signallingin this region to defensive behaviour
during defeatis still lacking. Oxytocin might similarly enhance defen-
sive output through additional nodes in the social defence circuit.
For example, the ventrolateral periaqueductal grey, which expresses
abundant OXTR, isactivated during defeat and has also beenimplicated
in defensive behaviours’.

A second function of oxytocin is to facilitate the formation of
defeat-induced social avoidance. Following defeat, animals learn to
avoid aggressors, presumably to reduce the likelihood of future dis-
advantageous conflicts. Work published in 2024 suggests that this
learning is mediated, at least in part, by a dedicated hypothalamic
circuitinvolving OXTR-expressing neuronsin the anterior ventrolateral
VMH and oxytocin-expressing neurons in the SOR?. As noted above,
oxytocin-expressing neurons in the SOR are activated during defeat,
probably by painful sensory inputs, and this activity facilitates the
recruitment of OXTR-expressing neuronsin the anterior ventrolateral
VMH. At the same time, synaptic inputs conveying aggressor-related
cues converge onto OXTR-expressing neurons in the anterior vent-
rolateral VMH and are strengthened by coincident presynaptic and
postsynaptic activation. This plasticity enhances the responses of
OXTR-expressing neuronsin the anterior ventrolateral VMH to aggres-
sors during subsequent encounters and drives post-defeat avoidance®.
In this framework, oxytocin acts not only as an acute modulator of
defence, butalso as ateachingsignal that links the experience of defeat
to future avoidance.

Beyond this hypothalamic circuit, the broader fear-learning and
active-avoidance circuits, including the basolateral amygdala and
nucleus accumbens, have also been implicated in defeat-induced
social avoidance’, and both of these regions express OXTR®. However,
whether oxytocinis released during defeatinthese regions to actively
promote circuit plasticity has not been directly tested. Instead, previ-
ous work has mainly examined the role of OXTR signalling in social
approach during post-defeat encounters. In both voles and California
mice, levels of OXTR expressionin the nucleus accumbens are reduced
after social defeat’®. Manipulations that reduce OXTR signalling in
the nucleus accumbens decrease social approach, or in other words,
increase social avoidance, whereas oxytocin infusion can restore or
enhance socialapproachin defeated animals”®, These findings suggest
that, in these regions, oxytocin signalling might primarily support
social approach and help maintain social interest.

A third role of oxytocin might be to heighten sensitivity to sub-
sequent stressors after defeat. A2013 study found that mice exposed
to social defeat showed enhanced freezing in a later contextual
fear-conditioning paradigm, indicating that defeat can sensitize ani-
mals to subsequent aversive experiences’. This effect depends on
OXTRsignallingin thelateral septum, as OXTR knockdownin the lateral
septum abolishes the defeat-induced enhancement of contextual fear.
Notably, blocking OXTR in the lateral septum in undefeated mice does

naturereviews endocrinology


http://www.nature.com/nrendo
https://doi.org/10.1038/s41574-026-01284-3
http://crossmark.crossref.org/dialog/?doi=10.1038/s41574-026-01284-3&domain=pdf

not alter freezing after contextual fear conditioning, suggesting that
septal OXTR signalling does not simply regulate fear learning per se’.
Instead, OXTR activation in the lateral septum during defeat appears
toleave the animalinaheightened state of sensitivity to later aversive
experiences, possibly by inducing cellular or synaptic changesin lateral
septum neurons. These findings raise the possibility that oxytocin
does more than facilitate immediate defence and avoidance of the
aggressor: it might also prime the brain to respond more strongly to
later threats in general.

Alongsimilar lines, repeated social stress can also lead to height-
ened sensitivity to potential social threats. In female California mice,
social defeat increases social vigilance, which is characterized by ori-
enting towards an unfamiliar individual without approaching'®. A 2020
study showed that oxytocin-expressing neurons in the medioventral
BNST arerequired for these behavioural changes. Knockdown of oxy-
tocin synthesis in the medioventral BNST prevents stress-induced
increases in vigilance and decreases in approach, whereas oxy-
tocin infusion into the anteromedial BNST, a downstream target of
oxytocin-expressing neurons in the medioventral BNST, is sufficient
toinduce vigilance and suppress social approach even in stress-naive
animals™.

Takentogether, these studies supportarevised view of oxytocin.
As an ancient and highly conserved neuropeptide, oxytocin did not
evolve merely to promote love, trust or bonding, although these are
among its most celebrated functions. Rather, oxytocin appears to
facilitate adaptive responses to socially salient experiences across the
fullrange of valence. In positive contexts, it promotes social approach
andsocial reward learning, which manifest asanincreased preference
for individuals associated with positive social experiences, that is,
bonding. In threatening contexts, it facilitates at least three distinct
processes: acute defence during defeat, rapid learning about danger-
ous conspecifics and the emergence of persistent hypersensitivity to
bothsocialand non-social threats. Such heightened vigilance is prob-
ably adaptive in a dangerous social environment. Oxytocin should

therefore be understood not as a uniformly prosocial or anxiolytic
signal, but as a circuit-specific regulator of social plasticity that helps
animals adapt both to the opportunities and dangers of social life.
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