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Recognizing when to approach another individual, when to
maintain a social distance, and when to be vigilant of your
surroundings is vital to surviving in social groups. In several
psychiatric disorders, particularly those related to previous stress
or trauma, these processes are perturbed leading to decreased
sociability and hypervigilance [1]. Effective treatments for these
social symptoms remain elusive leading both clinical and basic
researchers to seek therapeutic development by clarifying the
neurobiology of sociability and vigilance.
One proposed therapeutic target gaining popularity in recent

years is oxytocin. Classically known for its critical role in pair bonds
and parturition [2], oxytocin can increase sociability and social
approach across species. Interestingly, oxytocin administration can
improve social cognition and reduce anxiety in clinical experi-
ments involving patients with stress-related and autism spectrum
disorders [3]. As investigations of oxytocin expanded in recent
years, it became apparent that its effects on social behavior and
affect are context dependent [4]. For example, oxytocin can
augment in-group biases which might be an undesirable effect
when trying to increase sociability in the clinic.
The nuanced nature of oxytocin effects on behavior are likely

due to the complexity of the oxytocin system. Oxytocin neurons in
the supraoptic nucleus and paraventricular nucleus send axonal
projections to many brain regions and release oxytocin into the
bloodstream [2]. Oxytocin acts at both oxytocin receptor (OTR)
and the vasopressin family of G-protein coupled receptors that are
differentially expressed throughout the brain in cell- and sex-
specific ways. Further adding to the complexity, OTR can signal via
Gq/11, Gs, or Gi/o intracellular cascades [5]. As such, understanding
oxytocin’s contributions to social behavior and refining this
system for therapies requires understanding at the level of
anatomical circuits, specific neuronal types, receptors and cell
signaling processes [6] (Fig. 1).
The current study by Williams et al. [7]. seeks to better

understand how oxytocin affects social approach and vigilance
by testing how oxytocin alters these behaviors through different
signaling cascades (either Gq or Gi) in the nucleus accumbens. The
investigation used California mice, a monogamous pair bonding
species that shows decreased social response and increased
vigilance in response to stress [8]. In the critical behavioral test, an
experimental mouse explored an area containing a target
chamber housing a conspecific. Social approach was defined as
time spent in proximity to and investigating the target mouse. On
the other hand, vigilance was defined as time spent at a distance
from the target mouse, with the experimental mouse’s head
oriented toward the target chamber. Building on prior research
which established that chronic social defeat stress reduces
sociability and increases vigilant behaviors [8], the project focused
on understanding the role of oxytocin in the nucleus accumbens,

a critical component of the central reward circuitry implicated in
different aspects of sociability [9]. The team first shows that the
majority of oxytocin receptor mRNA expressed in the nucleus
accumbens colocalized with GABAergic cells. Interestingly, stress
exposure reduced accumbens oxytocin receptor mRNA expression
in females, suggesting a putative mechanism for stress-induced
changes in sociability. This sex-specific finding makes this study
particularly applicable to translation as women are more likely to

Fig. 1 Nucleus accumbens oxytocin receptors mediate sociability
in the California mouse. Williams et al. [7]. demonstrate that the
natural tendency for social interaction among California mice is
mediated by Gq/11 signaling via oxytocin receptors (OTR) in the
nucleus accumbens. Top: infusion of an OTR Gq/11 antagonist (−)
promoted social avoidance. Bottom: chronic social defeat stress
reduced sociability and increased the time the experimental mouse
spent attending to the focal conspecific from a distance, a
phenomenon called social vigilance. In defeated mice, infusion of
an OTR Gq/11 agonist (+) rescued sociability and eliminated social
vigilance. These results help to clarify how oxytocin contributes to a
range of social behaviors. Illustration created with BioRender.com.
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develop psychiatric disorders and symptoms like hypervigilance
following stress and trauma.
Next in a set of site-specific behavioral pharmacology experi-

ments, the authors show that in stress-naive mice, blockade of
nucleus accumbens oxytocin receptor signaling reduced social
interaction but did not influence vigilance. Then, using an
antagonist specific to Gq/11 coupled OTRs, they isolated the effect
to Gq/11 signaling. This indicates that the nucleus accumbens is
important to social approach in the California mouse, a finding
consistent with existing social reward and place preference
literature [9], and it suggests that approach and vigilance
behaviors are mediated by oxytocin action in distinct neural
circuits.
Because the prior result indicates that natural OT action at Gq/11

coupled OTRs promote social behavior in the nucleus accumbens,
and because stress reduced OTR mRNA expression in females, in
the final experiment, the researchers sought to restore social
interaction by augmenting OTR Gq/11 signaling. Female mice were
exposed to a social defeat procedure which reduced social
interaction and increased vigilance in drug-free mice [8]. After
stress, mice received nucleus accumbens injection of an agonist
known to mimic OTR Gq/11 signaling before assessment of social
approach and vigilance. While stress reduced social approach and
increased vigilance compared to that seen in other experiments
without stress, increased Gq/11 signaling rescued these behaviors,
increasing social approach and decreasing vigilance. This is
particularly interesting because it suggests that stress may
somehow link the circuits for sociability and vigilance; under-
standing how this occurs would be a noble goal in future research.
Williams and colleagues show that oxytocin acting through

specific cell signaling cascades in the nucleus accumbens is a
significant modulator of social approach with the potential
therapeutic effect of increasing sociability while decreasing
vigilance following trauma. This aligns with previous work
regarding the social brain and social decision making which
indicates that neuromodulators, such as oxytocin, can alter the
topography of neural activation throughout a connected brain
network leading to changes in social behavior [10]. This is backed
by the fact that within the California mouse, oxytocin signaling in
nucleus accumbens, an area related to reward, differs in key ways
from oxytocin in the bed nucleus of the stria terminalis, an area

related to anxiety, aggression, and social dominance [8]. This
report helps to inform the systems framework needed to develop
precise pharmacotherapies [6] which incorporates anatomical
network, cellular and intracellular signaling components contri-
buting to a clearer picture of the interactive neurobiology of
vigilance, social approach, and stress.
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