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Abstract

Recent advances in neuroscience have revealed a significant interplay between the neuropeptide
oxytocin and the brain’s Default Mode Network (DMN), suggesting a pivotal role in modulat-
ing attachment and self-referential processing. This review synthesizes current findings from
neuroimaging, behavioral studies, and clinical research to explore the “oxytocin-DMN axis”
and its impact on social cognition and emotional regulation. We discuss how oxytocin influenc-
es intrinsic connectivity within the DMN, enhancing self-referential thought and social bonding
by modulating key network nodes involved in autobiographical memory, empathy, and social
awareness. Emerging evidence indicates that dysregulation in this axis may contribute to the
neurobiological underpinnings of psychiatric disorders such as autism, social anxiety, and de-
pression. Moreover, we evaluate the therapeutic potential of targeting oxytocin signaling path-
ways to restore or enhance DMN functionality. By integrating multidisciplinary perspectives,
this review provides novel insights into the mechanistic links between hormonal modulation
and intrinsic brain network dynamics, underscoring the importance of the oxytocin-DMN axis
in the neurobiology of attachment and self-referential processing.
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Introduction trust, empathy, and affiliative bonding [3]. Its

influence extends to various domains of social

Social bonding and attachment represent fun-
damental aspects of human behavior and are
central to our understanding of social cogni-
tion [1]. Emerging evidence highlights those
neuropeptides, particularly oxytocin, play
a critical role in modulating these behaviors
through their actions on diverse neural cir-
cuits [2]. Oxytocin, a peptide synthesized in
the hypothalamus and released both periph-
erally and centrally, has been associated with

and emotional processing, suggesting a key
role in the regulation of interpersonal interac-
tions and attachment behaviors.

Parallel to these developments, the Default
Mode Network (DMN) has garnered signifi-
cant attention in cognitive neuroscience due
to its involvement in self-referential thought
and introspection [4]. Comprising regions
such as the medial prefrontal cortex, posterior
cingulate cortex, and angular gyrus, the DMN
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is predominantly active during rest and is
implicated in processes ranging from autobi-
ographical memory to envisioning the future
[5]. Recent neuroimaging studies have begun
to delineate how oxytocin may modulate the
functional connectivity of the DMN, thereby
influencing self-related and social cognitive
processes [6]. Evidence suggests that oxyto-
cin administration can lead to alterations in
DMN connectivity, potentially underpinning
its effects on social perception and emotional
regulation [7, 8].

Understanding the intricate interplay between
oxytocin signaling and DMN activity is essen-
tial, particularly given its potential implica-
tions for psychiatric conditions characterized
by deficits in social functioning and abnormal
self-referential processing [9, 10]. Disorders
such as autism spectrum disorder, social anx-
iety, and depression have been linked to both
dysregulated DMN connectivity and aberrant
oxytocin signaling [11]. These converging
lines of research are not only advancing our
knowledge of the neurobiological substrates
of social behavior but are also paving the way
for the development of novel, targeted inter-
ventions [12].

This review aims to synthesize current evi-
dence on the oxytocin-DMN axis, exploring
its mechanistic role in the neurobiology of
attachment and self-referential processing
[13]. By integrating findings from neuroimag-
ing, behavioral studies, and clinical research,
we discuss emerging therapeutic targets and
highlight the potential of oxytocin-based in-
terventions to modulate dysfunctional neural
networks in mental health disorders [14]. Ulti-
mately, the goal is to enhance our understand-
ing of neuroendocrine regulation within the
brain and to inspire future research into novel
treatment strategies that address the core defi-
cits in social cognition [15].

Oxytocin in Neurobiology and Social Behav-
ior

Oxytocin is a neuropeptide synthesized pri-
marily in the hypothalamic paraventricular
and supraoptic nuclei and exerts widespread
effects on both central and peripheral systems
[16]. Its release into the brain occurs through
a well-coordinated process involving dendrit-
ic and axonal secretion, enabling oxytocin to
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modulate various neural circuits that under-
lie social behavior [17]. The oxytocin recep-
tor (OXTR), a G protein-coupled receptor, is
widely distributed across key brain regions
such as the amygdala, nucleus accumbens,
and prefrontal cortex, which are critical for
processing social cognition and emotional
regulation [18]. Activation of these receptors
initiates intracellular signaling cascades that
influence synaptic plasticity and neural con-
nectivity, thereby shaping circuits involved in
affiliative behavior and bonding [19].

Animal studies have provided compelling ev-
idence for oxytocin’s role in regulating social
behaviors including maternal care, pair bond-
ing, and social recognition [20]. Experimental
manipulations of oxytocin signaling in ro-
dents, whether via genetic or pharmacological
methods, often result in profound alterations
in social memory and affiliative interactions,
underscoring the evolutionarily conserved
function of oxytocin in social behavior [21].
Complementary research in non-human pri-
mates has shown that oxytocin administration
can enhance prosocial behaviors, suggesting
a potential translational relevance for under-
standing human social cognition [22].

In human research, neuroimaging studies have
revealed that intranasal oxytocin administra-
tion can increase neural activity in regions
associated with empathy, social reward, and
emotional regulation [23]. These neurophys-
iological findings are consistent with behav-
ioral studies demonstrating that oxytocin en-
hances trust and improves the recognition of
emotional expressions in social contexts [24].
Moreover, genetic studies have implicated
polymorphisms in the OXTR gene with indi-
vidual differences in social cognitive abilities
and susceptibility to psychiatric conditions
marked by social deficits [25].

Further supporting its clinical relevance,
dysregulation in oxytocin signaling has been
linked to neuropsychiatric disorders such as
schizophrenia, autism spectrum disorder, and
social anxiety [21]. The modulatory effects
of oxytocin on key brain regions offer prom-
ising avenues for therapeutic intervention.
Ongoing research is focusing on optimizing
oxytocin-based treatments by refining dosing
strategies and identifying specific patient pop-
ulations that may derive the greatest benefit
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from such interventions [22, 23].

In addition to its established role in social be-
havior, oxytocin has been found to interact
with other neurotransmitter systems, includ-
ing dopamine and serotonin, which are also
implicated in reward processing and mood
regulation [16]. These interactions suggest
that oxytocin’s influence may extend beyond
social cognition to impact broader neural net-
works, potentially enhancing its therapeutic
efficacy in treating complex neuropsychiatric
disorders [24, 25].

Overall, the neurobiological foundations of
oxytocin’s role in social behavior highlight its
potential as a target for innovative therapeutic
strategies. Future research is needed to fur-
ther elucidate the precise neural mechanisms
by which oxytocin exerts its effects, thereby
paving the way for novel interventions that
address social deficits and improve quality of
life in affected individuals.

The Default Mode Network: Structure and
Function

The Default Mode Network (DMN) is a
prominent large-scale brain network charac-
terized by its heightened activity during rest
and reduced activation during goal-direct-
ed tasks [4, 26]. Its core regions include the
medial prefrontal cortex (mPFC), posterior
cingulate cortex (PCC), and angular gyrus,
among others, which together support a range
of internally directed cognitive processes such
as autobiographical memory, self-referential
thought, and future planning [27, 28]. The
discovery of the DMN has revolutionized our
understanding of brain organization by high-
lighting that the brain is intrinsically active,
even in the absence of overt external tasks [4,
26, 29].

Neuroimaging studies have consistently
demonstrated that the DMN plays a critical
role in integrating information related to the
self, facilitating social cognition and intro-
spection [30]. For instance, the mPFC is wide-
ly recognized for its involvement in process-
ing self-relevant information and evaluating
personal significance [31], while the PCC is
implicated in the retrieval of autobiographical
memories and integrating emotional informa-
tion [32]. These regions collectively contrib-
ute to the brain’s capacity for “mental time
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travel,” a process that allows individuals to
project themselves into past experiences and
future scenarios [33].

The DMN does not operate in isolation but
rather interacts dynamically with other brain
networks, such as the frontoparietal con-
trol network and the social brain network,
to support complex cognitive functions [34].
Evidence suggests that these interactions fa-
cilitate flexible switching between internal-
ly and externally focused attention, which is
critical for adaptive behavior [35]. Moreover,
alterations in the connectivity patterns with-
in the DMN have been linked to a range of
neuropsychiatric conditions, underscoring the
network’s importance in both normal and ab-
normal brain function [36, 37].

Recent advances in functional connectivity
analysis have allowed researchers to delineate
the nuanced relationships between different
DMN components, revealing both correlated
and anticorrelated patterns of activity [38].
These findings have provided further insight
into how the DMN contributes to semantic
processing and the integration of sensory in-
formation with stored memories [39]. Overall,
the functional architecture of the DMN under-
scores its vital role in supporting self-referen-
tial and social cognitive processes, offering a
framework to understand how disruptions in
this network may lead to clinical manifesta-
tions in various mental disorders [40].

The Oxytocin-DMN Axis: Evidence and
Mechanisms

Emerging evidence suggests that oxytocin
modulates the connectivity within the Default
Mode Network (DMN), thereby influencing
social cognition and self-referential process-
ing [41]. Intranasal oxytocin administration
has been shown to alter the communication be-
tween core DMN nodes and limbic structures,
such as the amygdala, which are essential for
processing emotional salience [42]. The mod-
ulation of connectivity appears to be mediated
by oxytocin receptor (OXTR) expression in
key DMN regions, thereby facilitating syn-
aptic plasticity and network integration [43].
Preclinical studies have demonstrated that
oxytocin enhances synaptic plasticity in brain
areas overlapping with the DMN, providing
a mechanistic basis for its effects on network
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dynamics [44].

Human neuroimaging research has provid-
ed further insight into these modulatory ef-
fects. Functional magnetic resonance imaging
(fMRI) studies reveal that oxytocin adminis-
tration can increase functional connectivity
between the medial prefrontal cortex and the
posterior cingulate cortex, two critical nodes
of the DMN [45]. These alterations in con-
nectivity are thought to underpin enhanced
integration of self-referential and social infor-
mation processing [46]. In addition, advanced
network analysis techniques have uncovered
that oxytocin not only influences intra-DMN
connectivity but also modulates the interac-
tion between the DMN and other networks,
such as the salience network and frontopari-
etal control network, which are vital for emo-
tion regulation and executive function [47].
Clinical studies further underscore the rele-
vance of the oxytocin-DMN axis. Disruptions
in this axis have been implicated in neuropsy-
chiatric conditions, including autism spectrum
disorder and social anxiety disorder, where
aberrant DMN connectivity correlates with
the severity of social deficits [48]. Recent
meta-analyses have supported the therapeu-
tic potential of oxytocin as a neuromodulator
agent capable of restoring typical DMN func-
tionality in these clinical populations [49].
Future investigations employing multimodal
imaging and pharmacological interventions
are warranted to elucidate the precise molecu-
lar mechanisms by which oxytocin modulates
DMN dynamics, and to further explore its
therapeutic utility in treating mood and social
disorders [50].

Clinical Implications: Psychiatric Disorders
and Dysregulation

Dysregulation of the oxytocin-DMN axis has
been increasingly implicated in the patho-
physiology of several psychiatric disorders
marked by social dysfunction and impaired
self-referential processing [51]. In autism
spectrum disorder (ASD), for example, aber-
rant connectivity within the DMN combined
with atypical oxytocin signaling may underlie
deficits in social communication and empathy
[52, 53]. Similarly, individuals with social
anxiety disorder often exhibit altered DMN
patterns that correlate with heightened self-fo-
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cused attention and negative self-evaluation,
which may be further exacerbated by insuffi-
cient oxytocinergic modulation [54].

Major depressive disorder (MDD) has also
been linked to disruptions in DMN connectiv-
ity, where excessive rumination and self-criti-
cal thoughts are thought to result from imbal-
anced network dynamics [55]. Emerging ev-
idence suggests that oxytocin administration
may help rebalance these network dynamics,
potentially reducing depressive symptoms by
enhancing social reward processing and mod-
ulating self-referential circuits [56]. In schizo-
phrenia, the interplay between oxytocin and
the DMN is of particular interest; preliminary
studies indicate that oxytocin treatment may
alleviate some of the social cognitive deficits
associated with the disorder by normalizing
DMN connectivity patterns [57, 58].
Furthermore, the oxytocin-DMN relation-
ship has been observed in studies examining
parental behaviors, where disruptions in this
axis are linked to impaired maternal respon-
siveness and bonding [59]. These findings
suggest that therapeutic strategies targeting
oxytocin signaling could offer promising av-
enues for ameliorating social and emotional
dysfunctions across a range of conditions.
Beyond clinical populations, insights from
network neuroscience underscore that the in-
tegration and segregation of large-scale brain
networks, including the DMN, are crucial for
adaptive social behavior [60].

Overall, these clinical observations high-
light the potential of modulating the oxyto-
cin-DMN axis as a therapeutic intervention.
Future research employing multimodal neu-
roimaging, genetic profiling, and controlled
pharmacological studies is necessary to fur-
ther elucidate the mechanistic underpinnings
of this relationship and to optimize treatment
strategies for disorders characterized by social
and self-referential impairments.

Therapeutic Potential and Future Directions
The emerging evidence on the modulation of
the oxytocin-DMN axis has opened new ave-
nues for therapeutic intervention in neuropsy-
chiatric conditions marked by social deficits
and impaired self-referential processing [61].
Clinical trials employing intranasal oxytocin
have provided promising preliminary evi-
dence that augmenting endogenous oxytocin

GM1J.2025;14:e3812
WWW.gmj.ir



Oxytocin and the Default Mode Network

levels can normalize aberrant DMN connec-
tivity patterns and improve social cognition in
disorders such as autism, social anxiety, and
schizophrenia [62]. However, challenges re-
main regarding dosage optimization, admin-
istration protocols, and the identification of
patient subgroups most likely to benefit from
oxytocin-based therapies [63].

Preclinical models have been instrumental in
elucidating the mechanistic underpinnings of
oxytocin’s effects on brain networks. Rodent
studies have demonstrated that oxytocin en-
hances synaptic plasticity and neurogenesis
within DMN-associated regions, thereby fa-
cilitating improved cognitive and affective
outcomes [64]. In parallel, advanced neuro-
imaging techniques have enabled the mapping
of oxytocin-induced changes in functional
connectivity across multiple neural circuits,
suggesting that a network-level perspective
may be critical in developing targeted inter-
ventions [65].

Future research is warranted to optimize the
therapeutic potential of oxytocin, particular-
ly by combining pharmacological treatments
with behavioral interventions such as social
skills training and cognitive-behavioral ther-
apy [66]. Integrative approaches that harness
the synergistic effects of neuroendocrine
modulation and psychotherapy may offer the
most effective strategies for restoring typical
network dynamics and alleviating clinical
symptoms [67].

Moreover, emerging technologies in brain
stimulation, such as transcranial magnetic
stimulation (TMS), present novel opportuni-
ties to modulate DMN activity directly, either
alone or in combination with oxytocin admin-
istration [68]. Biomarker-driven studies using
neuroimaging and genetic profiling will be
crucial for personalizing treatment regimens
and monitoring therapeutic efficacy [69].
Finally, longitudinal studies examining the
long-term effects of oxytocin-based thera-
pies on DMN connectivity and behavioral
outcomes will be essential in validating these
approaches and ensuring sustained benefits
for patients [70]. As our understanding of the
oxytocin-DMN axis deepens, it holds consid-
erable promise for informing the development
of innovative, individualized treatments that
target the neural substrates of social cognition
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and emotional regulation.
Conclusion

The exploration of the oxytocin-DMN axis
has revealed a complex interplay between
neuroendocrine modulation and intrinsic brain
network dynamics that is critical for social
cognition and self-referential processing. Evi-
dence from preclinical studies, neuroimaging
research, and clinical trials collectively under-
scores the potential of oxytocin to influence
DMN connectivity and, consequently, behav-
iors associated with attachment, empathy, and
emotional regulation. This body of work not
only deepens our understanding of the neural
substrates underlying social behavior but also
opens promising avenues for the development
of targeted therapeutic interventions for neu-
ropsychiatric disorders characterized by so-
cial and self-referential impairments.

Future research should focus on refining
oxytocin-based treatment protocols, integrat-
ing advanced neuroimaging techniques, and
adopting personalized medicine approaches
to better delineate the mechanisms underlying
oxytocin’s effects on the DMN. Such efforts
will be crucial in translating these findings
into effective clinical applications that ad-
dress the core deficits in social cognition and
emotional processing, ultimately improving
outcomes for individuals suffering from dis-
orders like autism, social anxiety, depression,
and schizophrenia.

Conflicting Evidence and Moderating Factors
While numerous studies have demonstrated
that oxytocin can enhance Default Mode Net-
work (DMN) connectivity and promote proso-
cial behaviors, an emerging body of research
suggests that its effects are not uniform. In
some cases, the impact of oxytocin appears to
be highly contingent on the social context in
which it is administered. For instance, in sup-
portive or affiliative settings, oxytocin may
bolster trust and social bonding, whereas in
contexts characterized by stress or perceived
threat, it might instead heighten vigilance or
even exacerbate negative social perceptions
[71].

Individual differences further complicate this
picture. Personality traits—such as baseline
levels of social anxiety, attachment style, and
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even specific genetic polymorphisms relat-
ed to oxytocin receptors—have been shown
to modulate the neuropeptide’s effects on
both behavior and neural connectivity. Such
variability is particularly notable in clinical
populations. In disorders like autism spec-
trum disorder, social anxiety, or depression,
the neurobiological response to oxytocin can
differ markedly, with some studies reporting
beneficial outcomes while others find minimal
or even paradoxical effects [72].

These conflicting findings underscore the com-
plexity of the oxytocin-DMN axis and suggest
that both environmental and individual factors
play critical roles in determining the overall
impact of oxytocin. This nuanced perspective
calls for more personalized approaches in fu-
ture research and clinical applications, ensur-
ing that therapeutic interventions are tailored
to the specific social and neurobiological pro-
files of individuals [71].

Methodological Challenges and Future Di-
rections

Despite promising findings, several method-
ological challenges constrain the interpreta-
tion of oxytocin studies. One major issue is
the wvariability in intranasal administration
techniques. Differences in dosage, delivery
devices, and participant adherence can lead
to inconsistent central nervous system uptake,
making it difficult to compare results across
studies.

Another challenge arises from the inherent
variability in oxytocin receptor distribution
among individuals. Genetic factors and recep-
tor density differences may contribute to the
heterogeneous effects observed, which com-
plicates efforts to predict treatment outcomes
or replicate findings reliably [73].

Moreover, current neuroimaging techniques
used to assess DMN connectivity have their
limitations. While fMRI provides valuable
insights into functional connectivity, its tem-
poral resolution and indirect measurement of
neural activity may mask the dynamic and
nuanced influence of oxytocin on brain net-
works. These technical constraints necessitate
more advanced imaging modalities and mul-
timodal approaches to fully capture the tran-
sient and context-dependent effects of oxyto-
cin [74].

Oxytocin and the Default Mode Network

Addressing these methodological limitations
will be critical for future research. Standard-
izing administration protocols, incorporating
genetic screening, and utilizing complemen-
tary imaging techniques could help refine our
understanding of the oxytocin-DMN axis and
enhance the development of targeted thera-
peutic interventions [74].

Translational Challenges and Future Thera-
peutic Directions

While the therapeutic potential of oxytocin
to restore DMN functionality in psychiatric
disorders is promising, significant challeng-
es remain in translating these findings into
clinical practice. Dosage optimization is a
critical concern, as current research has yet to
establish standardized protocols for achiev-
ing consistent central nervous system effects.
Moreover, the long-term impact of repeated
oxytocin administration remains largely un-
explored, raising questions about its sustained
efficacy and potential for unintended side ef-
fects [75]. These challenges underscore the
need for comprehensive clinical trials that
not only refine dosing strategies but also as-
sess the safety profile over extended treatment
periods. Future research may benefit from
integrative approaches that combine oxyto-
cin administration with behavioral therapies,
such as cognitive-behavioral therapy or social
skills training, to enhance therapeutic out-
comes and provide more holistic interventions
for disorders characterized by disrupted DMN
connectivity [23].

Interactions Beyond the DMN: Salience and
Frontoparietal Control Networks

While the review primarily focuses on the De-
fault Mode Network (DMN), it is important
to recognize that oxytocin’s influence extends
to other critical brain networks. The salience
network, for example, plays a vital role in de-
tecting and prioritizing behaviorally relevant
stimuli, facilitating the switch between inter-
nally focused and externally directed atten-
tion. Similarly, the frontoparietal control net-
work supports executive functions and adap-
tive decision-making [76]. Evidence suggests
that oxytocin may modulate the connectivity
not only within the DMN but also among these
networks, promoting a coordinated interplay
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that underpins complex social cognition and
emotional regulation. This integrative per-
spective implies that oxytocin could enhance
the dynamic balance between self-referential
processing (mediated by the DMN) and exter-
nally oriented cognitive control (facilitated by
the salience and frontoparietal networks). Fu-
ture research exploring these interactions will
provide a more holistic understanding of how
oxytocin orchestrates brain network dynamics
to influence social behavior [76].
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