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Abstract
Fear is a fundamental emotion that plays a crucial role in human survival and
adaptation. Previous research has demonstrated that brain regions such as the
amygdala, dorsal anterior cingulate cortex, and insula constitute the cognitive
neural basis of conditioned fear acquisition, while the amygdala, hippocampus,
and ventromedial prefrontal cortex play important roles in fear extinction. Stud-
ies have revealed that oxytocin is closely associated with both fear acquisition
and fear extinction processes. During fear acquisition, oxytocin influences the ac-
tivity of the amygdala and dorsal anterior cingulate cortex, affects the functional
connectivity between the amygdala and the dorsal anterior cingulate cortex and
brainstem, thereby promoting or inhibiting the fear acquisition process; during
fear extinction, oxytocin affects the activity of the amygdala and ventromedial
prefrontal cortex, and influences the functional connectivity between the amyg-
dala and the medial prefrontal cortex and hippocampus, thereby promoting or
inhibiting the fear extinction process. Future research should be conducted from
perspectives including sex differences, neural network models, somatic and psy-
chological development, and pathological studies, striving to achieve a deeper
understanding of the cognitive neural mechanisms through which oxytocin in-
fluences fear emotion processing.
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Abstract
Fear is a fundamental emotion that plays a crucial role in human survival and
adaptation. Previous research has demonstrated that brain regions including
the amygdala, dorsal anterior cingulate cortex (dACC), and insula constitute
the cognitive neural basis of conditioned fear acquisition, while the amygdala,
hippocampus, and ventromedial prefrontal cortex (vmPFC) are essential for
fear extinction. Studies have revealed that oxytocin is intimately involved in
both fear acquisition and extinction processes. During fear acquisition, oxytocin
influences the activity of the amygdala and dACC, modulates functional con-
nectivity between the amygdala and both the dACC and brainstem, thereby
either facilitating or inhibiting the acquisition process. During fear extinction,
oxytocin affects the activity of the amygdala and vmPFC, and influences func-
tional connectivity between the amygdala and both the medial prefrontal cor-
tex and hippocampus, thus promoting or suppressing fear extinction. Future
research should investigate these mechanisms from perspectives of gender dif-
ferences, neural network models, psychophysical development, and pathological
studies to achieve a deeper understanding of the cognitive neural mechanisms
through which oxytocin influences fear emotion processing.

Keywords: Oxytocin, Fear Acquisition, Fear Extinction, Amygdala, Ventro-
medial Prefrontal Cortex

Fear is an evolutionarily conserved emotion that triggers a series of defensive
mechanisms and plays a vital role in human survival and adaptation. However,
when animals or humans remain in a prolonged state of fear, they may develop
related emotional disorders such as phobias, anxiety disorders, and posttrau-
matic stress disorder (PTSD), causing severe negative impacts on their physical
and mental health and development. Conditioned fear, based on Pavlovian
classical conditioning, serves as a classic animal model for investigating mental
disorders including phobias, anxiety disorders, and PTSD. The conditioned fear
model encompasses four distinct processes: conditioned fear acquisition, fear
memory consolidation, fear memory reconsolidation, and fear extinction (冯攀
et al., 2018; Feng et al., 2014; Feng, Zheng, & Feng, 2016; Monfils et al., 2009;
Schiller et al., 2010).

Oxytocin (OXT), also known as the “love hormone,”is a neuropeptide synthe-
sized in the hypothalamus that acts on both the peripheral and central nervous
systems (MacDonald & MacDonald, 2010). Oxytocin is primarily produced by
magnocellular neurons in the paraventricular nucleus and supraoptic nucleus of
the hypothalamus, which project to the posterior pituitary for release into the
peripheral venous circulation; simultaneously, parvocellular neurons in the par-
aventricular nucleus project oxytocin to various brain regions (Ross & Young,
2009; Striepens et al., 2011). Hypothalamic oxytocinergic neurons project to the
amygdala, hippocampus, midbrain, and frontal lobe, while oxytocin also mod-
ulates the hypothalamic-pituitary-adrenal (HPA) axis and autonomic nervous
system function, thereby regulating fear acquisition and extinction processes
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(Hasan et al., 2014). Research has demonstrated that oxytocin plays important
roles in social-cognitive emotional processing and memory (Bartz et al., 2011;
Campbell, 2010), and holds significant therapeutic value in clinical treatment
of mental disorders such as schizophrenia and anxiety disorders (De Berardis et
al., 2013; MacDonald & Feifel, 2014; Rich & Caldwell, 2015). Studies indicate
that oxytocin can both facilitate and inhibit fear acquisition by influencing ac-
tivity in the amygdala and dorsal anterior cingulate cortex (Cavalli et al., 2017;
Eckstein et al., 2016; Huber et al., 2005; Viviani et al., 2011), while also promot-
ing or suppressing fear extinction through modulating activity in the amygdala
and medial prefrontal cortex (Lahoud & Maroun, 2013; Ninan, 2011; Sripada
et al., 2012; Viviani et al., 2011). Given oxytocin’s intimate involvement in
fear acquisition and extinction, elucidating its cognitive neural mechanisms in
conditioned fear processing holds significant scientific value for constructing and
refining neural network models of fear memory processing, while also offering
clear clinical applications for understanding the etiology and treatment of fear-
related emotional disorders such as phobias, anxiety disorders, and PTSD.

In recent years, researchers have systematically investigated the cognitive neural
mechanisms through which oxytocin influences fear acquisition and extinction
from animal, healthy human, and clinical perspectives. Building upon a synthe-
sis of recent findings, this paper first delineates the research paradigms for fear
acquisition and extinction, and provides an overview of their cognitive neural
mechanisms based on relevant meta-analytic results. Second, we systematically
examine the cognitive neural mechanisms of oxytocin’s effects on fear acquisition
and extinction by integrating evidence from animal studies, healthy human re-
search, and clinical populations. Third, we elaborate on the neurobiological cir-
cuits through which oxytocin influences fear emotion processing by synthesizing
previous literature. Finally, we offer perspectives on future research directions
in the field of oxytocin and fear.

1.1 Fear Acquisition Research Paradigm and Neural Mechanisms

[Figure 1: see original paper] illustrates the research paradigms for fear acqui-
sition and extinction. Conditioned fear acquisition in animals and humans is
based on Pavlovian classical conditioning, wherein a conditioned stimulus (CS,
such as geometric shapes, sounds, or odors) is paired with an unconditioned
stimulus (US, such as electric shock). Following multiple pairing trials, presen-
tation of the CS alone elicits fear responses (e.g., freezing behavior in animals
and skin conductance responses in humans) (Agren et al., 2012; Linnman et al.,
2012; Monfils et al., 2009; Schiller et al., 2013; Schiller et al., 2010). Milad and
colleagues found that cortical thickness of the dorsal anterior cingulate cortex
(dACC) showed a significant positive correlation with fear levels during acquisi-
tion, and dACC activation during fear acquisition also positively correlated with
fear expression (M. R. Milad, Quirk, et al., 2007). Linnman et al. (2012) demon-
strated that fear acquisition activates a fear network comprising the amygdala,
insula, dACC, and midbrain, with activation levels in the insula and midbrain
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showing significant positive correlations with fear intensity. Taken together,
these findings indicate that the fear network—including the amygdala, insula,
midbrain, and dACC—plays a crucial role in fear acquisition. Consistently,
numerous meta-analytic studies have identified the amygdala, dorsal anterior
cingulate gyrus (dACC), insula, and thalamus as key regions involved in fear
acquisition (冯攀 & 冯廷勇, 2013; Etkin & Wager, 2007; M. A. Fullana et al., 2016;
Mechias et al., 2010).

1.2 Extinction Research Paradigm and Neural Mechanisms

Research paradigms for fear extinction include the traditional extinction
paradigm (no reminder-extinction) and the reminder-extinction paradigm. Fol-
lowing conditioned fear acquisition, fear memory enters a reconsolidation state.
In the traditional extinction paradigm, the CS is repeatedly presented alone
under non-reactivation conditions, leading to gradual fear response reduction.
However, extinction in this paradigm is not permanent, as the process does not
directly modify the original memory but rather forms a new inhibitory memory
trace; the suppressed fear memory remains highly susceptible to reinstatement
(Bouton et al., 2006; LeDoux, 2000; Myers & Davis, 2007). In contrast, the
reminder-extinction paradigm involves first presenting the CS once to reactivate
the fear memory, followed by extinction training (CS presentation without
the aversive stimulus) within the fear memory reconsolidation window (within
one hour post-reactivation). Research demonstrates that extinction conducted
during the reconsolidation window after memory reactivation yields superior
outcomes compared to traditional extinction (孙楠 et al., 2012; Agren et al.,
2012; Feng et al., 2016; Monfils et al., 2009; Schiller et al., 2013; Schiller et
al., 2010). Phelps et al. (2004) found significant activation of the ventromedial
prefrontal cortex (vmPFC) during extinction learning, with vmPFC activation
levels showing a significant positive correlation with extinction efficacy. Milad
and colleagues observed significant activation of both the amygdala and vmPFC
during extinction learning; however, during extinction recall, the vmPFC and
hippocampus showed significant activation, with activation levels in both
regions positively correlating with extinction success. Moreover, vmPFC and
hippocampal activation during extinction recall were significantly positively
correlated (M. R. Milad et al., 2007). Additionally, Milad et al. (2005) found
that vmPFC cortical thickness was significantly negatively correlated with
fear levels during extinction recall. Collectively, these findings demonstrate
that the vmPFC and hippocampus are critically involved in fear extinction.
Consistently, numerous meta-analytic studies have identified the amygdala,
hippocampus, ventromedial prefrontal cortex (vmPFC), dorsolateral prefrontal
cortex (dlPFC), and ventrolateral prefrontal cortex (vlPFC) as key regions
mediating fear extinction (Diekhof et al., 2011; Miquel A. Fullana et al., 2018;
Gottfried & Dolan, 2004; Kalisch et al., 2006; Menz et al., 2016; Milad et al.,
2007; Phelps et al., 2004).
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2 Cognitive Neural Mechanisms of Oxytocin’s Effects on
Fear Acquisition and Extinction
Research has shown that both exogenous and endogenous oxytocin influence
fear acquisition and extinction processes, particularly in social contexts (Brill-
Maoz & Maroun, 2016; Cavalli et al., 2017; Eckstein et al., 2015; Eckstein et al.,
2019; Eckstein et al., 2016). Neuroimaging studies demonstrate that oxytocin
modulates amygdala activation, affects anterior cingulate cortex and insula re-
sponses, and regulates functional connectivity between the amygdala and other
brain regions, thereby either facilitating or inhibiting fear acquisition (Cavalli
et al., 2017; Huber et al., 2005; Viviani et al., 2011). Additionally, oxytocin
influences the activation of the amygdala and medial prefrontal cortex and their
functional connectivity, promoting or suppressing fear extinction (Lahoud &
Maroun, 2013; Ninan, 2011).

2.1 Cognitive Neural Mechanisms of Oxytocin’s Effects on Fear Ac-
quisition and Expression

Numerous studies have demonstrated that oxytocin influences both the acqui-
sition and expression of fear. Behaviorally, oxytocin suppresses fear expression
and inhibits fear acquisition. At the neural level, oxytocin affects the amygdala,
hypothalamus, brainstem, fusiform gyrus, cingulate cortex, and their functional
connectivity, thereby inhibiting fear expression and acquisition. Evidence for
these effects derives from animal research, studies of healthy humans, and clin-
ical populations.

In animal studies of conditioned fear acquisition, oxytocin suppresses fear acqui-
sition and expression by attenuating amygdala activity. Specifically, oxytocin
exerts potent anxiolytic effects in the central amygdala (CeA) (Neumann, 2008),
a core structure for fear responses. Local oxytocin injection inhibits GABAer-
gic neurons in the medial CeA (CeM), the primary output region from CeA to
the brainstem, thereby reducing fear responses (Viviani et al., 2011). In rat
experiments, optogenetic stimulation-induced release of endogenous oxytocin in
the CeA during conditioned fear acquisition significantly suppressed freezing
behavior and attenuated fear responses. In the CeA, oxytocin weakened CS-
US associations and reduced freezing levels, while injection of selective agonists
(WAY-267474 and TGOT) similarly decreased freezing and impaired fear ac-
quisition. In the basolateral amygdala (BLA), oxytocin administration prior to
CS-US pairing slowed fear acquisition and suppressed fear expression (Campbell-
Smith et al., 2015; Knobloch et al., 2012; Lahoud & Maroun, 2013). Both the
BLA and CeA contribute to fear acquisition (Ciocchi et al., 2010; Kim & Davis,
1993), indicating that oxytocin attenuates fear acquisition by modulating amyg-
dala activation. In a study by Modi et al. (2016), rats underwent fear acquisition
training on day one with tone (CS)-shock (US) pairings. On day two, during fear
acquisition, administration of the novel oxytocin receptor agonist PF-06655075
(PF1) via either central or peripheral routes significantly reduced freezing re-
sponses to fear stimuli. The authors speculated that PF1 may suppress fear
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acquisition through direct peripheral actions or by activating central oxytocin
receptors. Collectively, animal research demonstrates that oxytocin primarily
inhibits fear acquisition and expression by attenuating amygdala activity.

In studies of healthy humans undergoing conditioned fear acquisition, oxytocin
influences activity in the amygdala, nucleus accumbens, fusiform gyrus, ante-
rior cingulate cortex, and hippocampus, as well as their functional connectivity,
thereby affecting various stages of fear acquisition. Using facial stimuli as con-
ditioned stimuli (direct gaze vs. averted gaze), Petrovic et al. (2008) found
that oxytocin reduced post-acquisition emotional evaluation indices. More im-
portantly, oxytocin decreased activity in the amygdala and fusiform gyrus, with
this modulatory effect being particularly pronounced when the conditioned stim-
ulus involved direct gaze. These findings suggest that oxytocin influences the
evaluation of socially relevant stimuli following fear acquisition by modulating
the amygdala and fusiform gyrus. Eckstein et al. (2016) employed social and
non-social stimuli as conditioned stimuli and found that the oxytocin group ex-
hibited faster reaction times and higher skin conductance levels to conditioned
stimuli. Furthermore, oxytocin enhanced activation in the subgenual anterior
cingulate cortex (sACC) during non-social conditioning and increased activation
in the posterior midcingulate cortex (pMCC) during social conditioning. Simul-
taneously, oxytocin reduced skin conductance and neural responses to electric
shocks. The study concluded that oxytocin facilitates fear learning, which may
have important adaptive value but could also increase susceptibility to nega-
tive events, optimize social fear acquisition processes, and enhance social cog-
nition (Eckstein et al., 2016). These findings contradict other studies showing
oxytocin suppresses fear acquisition, possibly because the timing of oxytocin
administration (pre- vs. during acquisition) represents a critical factor. In this
study, oxytocin was administered 30 minutes before fear acquisition. Cavalli
et al. (2017) found that 45 minutes after intranasal oxytocin administration,
the oxytocin group showed higher arousal levels during late cue and contex-
tual acquisition. Oxytocin reduced nucleus accumbens activation during early
cue and contextual acquisition, decreased insula and anterior cingulate activa-
tion during early contextual acquisition, but enhanced hippocampal activation
during late contextual acquisition. These results indicate that oxytocin exerts
differential modulatory effects on cue and contextual fear acquisition at both
neural and subjective report levels (Cavalli et al., 2017). Therefore, research in
healthy humans demonstrates that oxytocin influences fear acquisition by mod-
ulating activity in the amygdala, anterior cingulate cortex, and hippocampus,
and by regulating functional connectivity between these regions, thereby either
facilitating or inhibiting the acquisition process.

In studies of fear face processing in healthy humans, oxytocin reduces amygdala
activity in response to fearful faces. Tost et al. (2010) found that individu-
als carrying the rs53576 (A/A) oxytocin receptor gene polymorphism exhibited
significantly lower amygdala activation to fearful faces and stronger functional
connectivity between the amygdala and hypothalamus. Kirsch et al. (2005)
demonstrated that during social fear processing, oxytocin decreased amygdala
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activity and reduced functional connectivity between the amygdala and brain-
stem, suggesting that oxytocin lowers fear levels. Domes et al. (2007) found
that oxytocin attenuated amygdala responses not only to fearful faces but also
to happy and angry faces, indicating that oxytocin reduces uncertainty regarding
the expected value of social stimuli, thereby promoting social approach behavior.
Gamer et al. (2010) reported that oxytocin decreased activation in lateral and
dorsal anterior amygdala subregions in response to fearful faces. Additionally,
Kanat et al. (2015) found that oxytocin reduced amygdala activation to fearful
eyes and decreased activity in the fusiform gyrus and brainstem, as well as func-
tional connectivity between the amygdala and fusiform gyrus when processing
threatening cues from the eyes.

Pathological studies of fear face processing also show that oxytocin reduces
amygdala activity in response to fearful faces. In PTSD patients, left amygdala
activation to fearful faces was significantly attenuated under oxytocin condi-
tions, demonstrating that oxytocin weakens left amygdala responses to fear
emotions in clinical populations. Moreover, in PTSD patients, the severity of
childhood trauma exposure showed a significant negative correlation with the
magnitude of oxytocin-induced changes in left amygdala activation (Flanagan
et al., 2019). In generalized social anxiety disorder, oxytocin reduced excessive
amygdala activation when processing fearful faces (Labuschagne et al., 2010).
These pathological findings suggest that oxytocin may represent a potential
therapeutic approach for anxiety disorders, phobias, and PTSD. However, it is
crucial to note that higher doses of oxytocin do not necessarily produce better
therapeutic outcomes. A recent neuroimaging study demonstrated that 24 IU of
oxytocin suppressed amygdala responses to fearful faces, whereas 48 IU actually
enhanced amygdala reactivity (Spengler et al., 2017).

In summary, during conditioned fear processing, oxytocin can either facilitate
or inhibit fear acquisition. Oxytocin influences fear acquisition by modulating
amygdala activation, affecting responses in the anterior cingulate cortex, insula,
and hippocampus, and regulating functional connectivity between the amygdala
and other brain regions.

2.2 Cognitive Neural Mechanisms of Oxytocin’s Effects on Fear Ex-
tinction

In animal studies of fear extinction, oxytocin influences the extinction process
by modulating activity in the amygdala and prefrontal cortex. Specifically, Toth
et al. (2012) found that oxytocin administration prior to conditioned fear acqui-
sition reduced fear expression during extinction and facilitated fear extinction;
however, oxytocin injection before extinction training actually impaired the ex-
tinction process. In contextual fear conditioning studies, oxytocin was infused
into the infralimbic medial prefrontal cortex (IL-mPFC), basolateral amygdala
(BLA), and central amygdala (CeA) of rats. Following fear memory reactiva-
tion, oxytocin injection into the IL-mPFC decreased freezing levels and accel-
erated extinction, while infusion of the non-peptide oxytocin receptor agonist
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WAY-267464 into the BLA after fear reactivation also reduced freezing and pro-
moted extinction. In contrast, oxytocin infusion into the CeA had no effect on
extinction. Pre-conditioning infusion of oxytocin into the basal amygdala facili-
tated fear acquisition but impaired subsequent extinction (Brill-Maoz & Maroun,
2016; Campbell-Smith et al., 2015; Lahoud & Maroun, 2013). Administration
of oxytocin into the amygdala prior to extinction training facilitated extinction
and enhanced functional connectivity between the medial prefrontal cortex and
amygdala (Ninan, 2011; Sripada et al., 2012; Viviani et al., 2011). These find-
ings indicate that oxytocin promotes fear extinction by suppressing amygdala
activation, enhancing medial prefrontal cortex activity, and strengthening func-
tional connectivity between the amygdala and prefrontal cortex. These studies
demonstrate that oxytocin influences fear extinction primarily by regulating ac-
tivity in the prefrontal cortex and amygdala. Notably, both the timing and site
of oxytocin administration produce differential effects on extinction. Specifi-
cally, injections before or after acquisition, before or after memory reactivation,
or before or after extinction training, as well as infusions into different amyg-
dala subregions or medial prefrontal areas, all yield distinct effects on extinction.
Recent research by Kritman et al. (2017) revealed age-dependent differences in
oxytocin’s effects on extinction: in juvenile mice, oxytocin agonist infusion into
the medial prefrontal cortex had no effect on extinction, whereas infusion into
the amygdala impaired extinction and increased fear. This highlights differ-
ences between adult and developing brains, reflecting distinct oxytocin effects
in juvenile versus adult animals. Thus, age represents another critical factor in-
fluencing oxytocin’s impact on extinction. Additionally, studies have examined
oxytocin’s role in fear extinction using PTSD animal models. Eskandarian et
al. (2013) employed the single prolonged stress (SPS) model to simulate trau-
matic stress and investigated the effects of repeated systemic oxytocin injections
on contextual fear extinction. They found that rats receiving systemic oxytocin
exhibited higher freezing levels after extinction training compared to controls,
suggesting that systemic oxytocin delayed extinction, possibly due to insuffi-
cient oxytocin concentrations from systemic administration. In cue fear condi-
tioning, one study divided rats into control and SPS groups and administered
intranasal oxytocin seven days after SPS and prior to extinction training. The
SPS group showed significantly lower freezing levels than controls, indicating
that intranasal oxytocin facilitated extinction and suggesting potential thera-
peutic value for PTSD (Wang et al., 2018). These findings again underscore
injection site (systemic vs. local) as a key factor modulating oxytocin’s effects
on extinction. Animal research demonstrates that oxytocin regulates medial
prefrontal cortex and amygdala responses to promote fear extinction, providing
guidance for therapeutic interventions in PTSD and other psychiatric conditions.
Furthermore, oxytocin modulates social fear conditioning. Zoicas et al. (2014)
investigated oxytocin’s effects on social fear conditioning (SFC) and found that
oxytocin infusion into the dorsolateral septum of mice during extinction training
significantly reduced social fear compared to controls.

In healthy human studies of fear extinction, oxytocin promotes extinction by in-
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fluencing activity in the amygdala, cingulate cortex, frontal lobe, and precuneus,
as well as their functional connectivity, particularly when extinction occurs after
memory reactivation within the reconsolidation window. Specifically, Acheson
et al. (2013) conducted a double-blind, placebo-controlled study with 44 healthy
participants. On day one, participants underwent fear acquisition training. Fol-
lowing acquisition, they received intranasal oxytocin or placebo, then completed
extinction training 45 minutes later. On day two, participants underwent an
extinction recall test. Results showed similar fear levels between groups before
extinction training. During extinction, the oxytocin group exhibited temporar-
ily attenuated fear reduction, but by the end of extinction training, both groups
showed comparable extinction levels. On day two, however, the oxytocin group
demonstrated significantly greater extinction recall than the placebo group. Re-
cent research by Hu et al. (2019) revealed that post-reactivation intranasal oxy-
tocin produced superior extinction compared to both non-reactivation oxytocin
and post-reactivation placebo groups, confirming that oxytocin facilitates ex-
tinction after memory reactivation. These findings underscore that the tim-
ing of oxytocin administration critically influences extinction efficacy. Human
studies indicate that oxytocin enhances medial prefrontal cortex activity, sup-
presses amygdala activation, and strengthens functional connectivity between
brain regions, thereby playing a positive facilitatory role in fear reactivation-
extinction processes. Petrovic et al. (2008) found that after conditioned fear
acquisition, oxytocin reduced activation in the amygdala and dorsal anterior
cingulate cortex to conditioned facial stimuli and decreased subjective ratings
of these faces. Eckstein et al. (2015) investigated the effects of post-acquisition
intranasal oxytocin on extinction. Behaviorally, oxytocin enhanced skin con-
ductance responses during early extinction but facilitated their decline during
later phases, with the oxytocin group showing higher fear responses initially
but significantly lower fear levels than placebo during later extinction stages,
thereby promoting extinction recall. Neurally, oxytocin increased frontal lobe
activation during early extinction, reduced amygdala activation during both
early and late extinction, enhanced functional connectivity between frontal lobe
and posterior cingulate cortex and between frontal lobe and precuneus during
early extinction, and strengthened amygdala-precuneus connectivity during late
extinction. These findings indicate that oxytocin promotes fear extinction by in-
creasing frontal lobe activity, inhibiting amygdala activity, and enhancing func-
tional connectivity between frontal lobe and amygdala and between amygdala
and precuneus (Eckstein et al., 2015). A recent resting-state study revealed that
oxytocin modulates the emotion regulation network (amygdala and frontal lobe).
Specifically, oxytocin increased functional connectivity between central-medial
and basal amygdala subregions and the cerebellum, and enhanced connectiv-
ity between basal amygdala and frontal lobe. Additionally, oxytocin reduced
functional connectivity between central-medial amygdala and core regions of
the neural network for emotional face processing (e.g., temporal, occipital, and
parietal lobes). These results suggest that during fear extinction, oxytocin may
influence activity and functional connectivity of the amygdala, frontal lobe, and
cerebellum, thereby modulating extinction processes (Eckstein et al., 2017).
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Collectively, oxytocin is intimately linked with the amygdala and prefrontal
cortex in mediating fear extinction. Oxytocin influences activity and functional
connectivity of the amygdala and medial prefrontal cortex while also modulating
activity in other fear-related brain regions, thereby affecting extinction processes.
In specific studies, oxytocin’s effects on fear extinction may be influenced by
experimental procedures and methodologies, with differential effects observed
during early versus middle-to-late stages of experiments. Furthermore, specific
parameters including injection timing, site and region of administration, dosage,
as well as participant age and gender may all influence final outcomes.

In summary, oxytocin reduces activation in the amygdala and dorsal anterior
cingulate cortex, thereby decreasing subjective anxiety levels while enhancing
adaptive endocrine and autonomic fear responses. More importantly, oxytocin
improves emotional regulation and top-down control capabilities. Oxytocin at-
tenuates amygdala and dACC activation, enhances insula activity, and alters
functional connectivity within salience network nodes. Oxytocin reduces func-
tional connectivity between the amygdala and brainstem, thereby diminishing
fear expression, yet enhances connectivity between the vmPFC and amygdala,
indicating strengthened top-down regulatory control of the amygdala by the
vmPFC (Koch et al., 2014).

Therefore, oxytocin may exert modulatory effects on fear, manifesting as time-
dependent and brain region-dependent bidirectional actions on fear memory
acquisition and elimination, while potentially altering the valence and salience
of emotions in social versus non-social contexts (Guzman et al., 2013). Fur-
thermore, animal approach-avoidance neural network models propose that ap-
proach and avoidance behaviors are determined by activity in various amygdala
subregions (lateral, basal, central, and medial amygdala), with the medial pre-
frontal cortex and oxytocin exerting modulatory influences on these subregions.
Consequently, oxytocin may offer therapeutic insights for atypical social and
fear-related behaviors (Maroun & Wagner, 2016).

3 Summary and Outlook
Fear acquisition and extinction represent two critical components of conditioned
fear processing. Extensive research in animals, healthy humans, and clinical pop-
ulations has investigated the cognitive neural mechanisms underlying these pro-
cesses. During fear acquisition and extinction, the amygdala, medial prefrontal
cortex, and anterior cingulate cortex constitute essential neural substrates, with
the amygdala playing a particularly pivotal role. Oxytocin modulates activity in
the amygdala, prefrontal cortex, anterior cingulate cortex, insula, hippocampus,
and other related brain regions, thereby influencing fear processing. Oxytocin
primarily affects fear acquisition by modulating activation in the amygdala and
cingulate cortex, while influencing fear extinction through its effects on amyg-
dala activation, medial prefrontal cortex activity, and functional connectivity
between the amygdala and medial prefrontal cortex. Additionally, oxytocin
regulates activity in fear-related regions including the anterior cingulate cortex,
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insula, and hippocampus, thereby impacting both fear acquisition and extinc-
tion. It is important to note that in experimental studies, specific parameters
such as oxytocin dosage, injection timing, and administration site all influence
fear acquisition and extinction processes.

Although substantial research has examined oxytocin’s effects on the cognitive
neural mechanisms of fear acquisition and extinction, the inherent complexity
of oxytocin’s influence on fear emotion processing leaves numerous questions
for future exploration. Key research directions include:

First, investigating gender differences in the cognitive neural mechanisms
through which oxytocin influences fear emotion processing warrants attention.
Gender differences are widely observed in fear emotion processing (Schwabe et
al., 2013; Williams et al., 2005). Specifically, significant sex differences exist in
the lateralization and temporal dynamics of fear perception: right amygdala
activity in males decreased during the latter half of experiments, whereas fe-
males maintained bilateral amygdala activation throughout, with left amygdala
activity showing an increasing trend in the second half (Williams et al., 2005).
Recent research indicates that noradrenergic arousal produces opposite effects
on fear processing in male versus female participants, enhancing amygdala
activity in women while reducing it in men (Schwabe et al., 2013). Additionally,
the female menstrual cycle influences fear acquisition and extinction, with
women in the premenstrual phase showing facilitated acquisition but impaired
extinction of contextual fear, suggesting that sex hormones during this phase
affect brain emotion regulation functions (金艳 & 郑希付, 2015). Future research
should examine how gender differences moderate oxytocin’s effects on fear
emotion processing.

Second, future research should investigate neural network models of oxytocin’s
effects on fear emotion processing. While numerous studies have examined oxy-
tocin’s neural mechanisms in fear acquisition and extinction, the mechanisms
underlying fear memory consolidation and reconsolidation remain unclear. To
construct and refine neural network models of oxytocin’s influence on fear
emotion processing, future studies should focus on developing comprehensive
models that incorporate oxytocin’s effects on fear acquisition, consolidation,
reconsolidation, and extinction to achieve deeper understanding of the neural
circuits involved. Therefore, future research needs to explore the cognitive neu-
ral mechanisms through which oxytocin influences fear memory consolidation
and reconsolidation. Additionally, since previous research has identified mem-
ory reactivation and the reconsolidation time window as essential conditions
for persistent extinction effects (Agren et al., 2012; Feng et al., 2015; Feng et
al., 2016; Schiller et al., 2013; Schiller et al., 2010), future studies should in-
tegrate these two conditions into investigations of oxytocin’s effects on fear
reconsolidation and extinction.

Third, examining psychophysical development in relation to the cognitive neural
mechanisms of oxytocin’s effects on fear emotion processing represents an im-
portant perspective. Kritman et al. (2017) found differential effects of oxytocin
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agonist administration in juvenile mice: infusion into the medial prefrontal cor-
tex had no effect on extinction, whereas amygdala infusion impaired extinction
and increased fear. Therefore, investigating the neural mechanisms of oxytocin’
s influence on fear emotion processing from a developmental cognitive neuro-
science perspective is crucial for comprehensively understanding the relevant
neural circuits and holds significant scientific value and practical implications.

Finally, future research should conduct pathological studies on oxytocin’s effects
on fear emotion processing. Meta-analyses indicate that compared to healthy
controls, patients with PTSD, specific phobia, and generalized anxiety disorder
show greater activation in the amygdala and insula, while PTSD patients exhibit
reduced activation in the dorsal and rostral anterior cingulate cortices (dACC
and rACC) and vmPFC (Etkin & Wager, 2007). Additionally, personality trait
factors should be considered. Research has shown that state anxiety influences
conditioned fear acquisition and extinction: specifically, state anxiety reduces
subjective expectancy values for CS+ while increasing them for CS-, and inhibits
extinction of conditioned stimuli during the extinction phase. State anxiety also
affects evaluative conditioning, with anxious individuals showing more negative
valence ratings for conditioned stimuli during habituation and extinction phases
compared to controls (张予贺 et al., 2013). Therefore, future research from a
pathological perspective should aim to systematically understand the cognitive
neural mechanisms through which oxytocin influences fear emotion processing
and develop effective intervention methods.

References
冯攀, 冯廷勇. (2013). 恐惧情绪加工的神经机制. 心理学探新, 33(3), 209–214.

冯攀, 靳玉乐, 郑涌, 冯廷勇. (2018). 睡眠剥夺影响恐惧记忆巩固的认知神经机制: 静息态低频波
动振幅分析. 中国科学: 生命科学, 48, 1115–1125.

金艳, 郑希付. (2015). 女性生理周期对条件性恐惧习得和消退的影响. 心理学报, 47(12),
1465–1471.

孙楠, 魏艺铭, 李倩, 郑希付. (2012). 条件性恐惧记忆消退返回的性别差异. 心理学报, 44, 314–

张予贺, 金艳, 郑希付, 闫柯, 周晌昀. (2014). 状态焦虑对条件恐惧习得和消退的影响. 心理学报,
(3), 396–404.

Acheson, D., Feifel, D., de Wilde, S., McKinney, R., Lohr, J., & Risbrough, V.
(2013). The effect of intranasal oxytocin treatment on conditioned fear extinc-
tion and recall in a healthy human sample. Psychopharmacology, 229(1), 199–
208.

Agren, T., Engman, J., Frick, A., Bjorkstrand, J., Larsson, E.-M., Furmark, T.,
& Fredrikson, M. (2012). Disruption of reconsolidation erases a fear memory
trace in the human amygdala. Science, 337(6101), 1550–1552.

Bartz, J. A., Zaki, J., Bolger, N., & Ochsner, K. N. (2011). Social effects of
oxytocin in humans: context and person matter. Trends in Cognitive Sciences,

chinarxiv.org/items/chinaxiv-202110.00016 Machine Translation

https://chinarxiv.org/items/chinaxiv-202110.00016


15(7), 301–309.

Bouton, M. E., Westbrook, R. F., Corcoran, K. A., & Maren, S. (2006). Con-
textual and temporal modulation of extinction: Behavioral and biological mech-
anisms. Biological Psychiatry, 60(4), 352–360.

Brill-Maoz, N., & Maroun, M. (2016). Extinction of fear is facilitated by social
presence: Synergism with prefrontal oxytocin. Psychoneuroendocrinology, 66,
75–81.

Campbell-Smith, E. J., Holmes, N. M., Lingawi, N. W., Panayi, M. C., &
Westbrook, R. F. (2015). Oxytocin signaling in basolateral and central amyg-
dala nuclei differentially regulates the acquisition, expression, and extinction of
context-conditioned fear in rats. Learning & Memory, 22(5), 247–257.

Campbell, A. (2010). Oxytocin and human social behavior. Personality and
Social Psychology Review, 14(3), 281–295.

Cavalli, J., Ruttorf, M., Pahi, M. R., Zidda, F., Flor, H., & Nees, F. (2017).
Oxytocin differentially modulates pavlovian cue and context fear acquisition.
Social Cognitive and Affective Neuroscience, 12(6), 976–983.

Ciocchi, S., Herry, C., Grenier, F., Wolff, S. B. E., Letzkus, J. J., Vlachos, I., ⋯
Luethi, A. (2010). Encoding of conditioned fear in central amygdala inhibitory
circuits. Nature, 468, 277–282.

De Berardis, D., Marini, S., Iasevoli, F., Tomasetti, C., de Bartolomeis, A.,
Mazza, M., ⋯Di Giannantonio, M. (2013). The role of intranasal oxytocin in
the treatment of patients with schizophrenia: A Systematic Review. Cns &
Neurological Disorders-Drug Targets, 12(2), 252–264.

Diekhof, E. K., Geier, K., Falkai, P., & Gruber, O. (2011). Fear is only as deep
as the mind allows: A coordinate-based meta-analysis of neuroimaging studies
on the regulation of negative affect. Neuroimage, 58(1), 275–285.

Domes, G., Heinrichs, M., Glaescher, J., Buechel, C., Braus, D. F., & Her-
pertz, S. C. (2007). Oxytocin attenuates amygdala responses to emotional faces
regardless of valence. Biological Psychiatry, 62(10), 1187–1190.

Eckstein, M., Becker, B., Scheele, D., Scholz, C., Preckel, K., Schlaepfer, T. E.,
⋯Hurlemann, R. (2015). Oxytocin facilitates the extinction of conditioned fear
in humans. Biological Psychiatry, 78(3), 194–202.

Eckstein, M., Scheele, D., Patin, A., Preckel, K., Becker, B., Walter, A., ⋯
Hurlemann, R. (2016). Oxytocin facilitates Pavlovian fear learning in males.
Neuropsychopharmacology, 41(4), 932–939.

Eckstein, M., Markett, S., Kendrick, K. M., Ditzen, B., Liu, F., Hurlemann, R.,
& Becker, B. (2017). Oxytocin differentially alters resting state functional con-
nectivity between amygdala subregions and emotional control networks: Inverse
correlation with depressive traits. Neuroimage, 149, 458–467.

chinarxiv.org/items/chinaxiv-202110.00016 Machine Translation

https://chinarxiv.org/items/chinaxiv-202110.00016


Eckstein, M., de Minas, A. C. A., Scheele, D., Kreuder, A.-K., Hurlemann,
R., Grinevich, V., & Ditzen, B. (2019). Oxytocin for learning calm and safety.
International Journal of Psychophysiology, 136, 103–108.

Eskandarian, S., Vafaei, A. A., Vaezi, G. H., Taherian, F., Kashefi, A., &
Rashidy-Pour, A. (2013). Effects of systemic administration of oxytocin on
contextual fear extinction in a rat model of post-traumatic stress disorder. Ba-
sic and clinical neuroscience, 4(4), 315–322.

Etkin, A., & Wager, T. D. (2007). Functional neuroimaging of anxiety: A meta-
analysis of emotional processing in PTSD, social anxiety disorder, and specific
phobia. American Journal of Psychiatry, 164(10), 1476–1488.

Feng, P., Feng, T., Chen, Z., & Lei, X. (2014). Memory consolidation of fear con-
ditioning: Bi-stable amygdala connectivity with dorsal anterior cingulate and
medial prefrontal cortex. Social Cognitive and Affective Neuroscience, 9(11),
1730–1737.

Feng, P., Zheng, Y., & Feng, T. (2015). Spontaneous brain activity following
fear reminder of fear conditioning by using resting-state functional MRI. Scien-
tific Reports, 5, 16701.

Feng, P., Zheng, Y., & Feng, T. (2016). Resting-state functional connectivity be-
tween amygdala and the ventromedial prefrontal cortex following fear reminder
predicts fear extinction. Social Cognitive and Affective Neuroscience, 11(6),
991–1001.

Flanagan, J. C., Sippel, L. M., Santa Maria, M. M. M., Hartwell, K. J., Brady,
K. T., & Joseph, J. E. (2019). Impact of Oxytocin on the neural correlates of
fearful face processing in PTSD related to childhood Trauma. European Journal
of Psychotraumatology, 10(1), 1–16.

Fullana, M. A., Albajes-Eizagirre, A., Soriano-Mas, C., Vervliet, B., Cardoner,
N., Benet, O., ⋯Harrison, B. J. (2018). Fear extinction in the human brain:
A meta-analysis of fMRI studies in healthy participants. Neuroscience and
Biobehavioral Reviews, 88, 16–25.

Fullana, M. A., Harrison, B. J., Soriano-Mas, C., Vervliet, B., Cardoner, N.,
Avila-Parcet, A., & Radua, J. (2016). Neural signatures of human fear condi-
tioning: an updated and extended meta-analysis of fMRI studies. Molecular
Psychiatry, 21(4), 500–508.

Gamer, M., Zurowski, B., & Buechel, C. (2010). Different amygdala subregions
mediate valence-related and attentional effects of oxytocin in humans. Pro-
ceedings of the National Academy of Sciences of the United States of America,
107(20), 9400–9405.

Gottfried, J. A., & Dolan, R. J. (2004). Human orbitofrontal cortex mediates
extinction learning while accessing conditioned representations of value. Nature
Neuroscience, 7(10), 1145–1153.

chinarxiv.org/items/chinaxiv-202110.00016 Machine Translation

https://chinarxiv.org/items/chinaxiv-202110.00016


Guzman, Y. F., Tronson, N. C., Jovasevic, V., Sato, K., Guedea, A. L.,
Mizukami, H., ⋯Radulovic, J. (2013). Fear-enhancing effects of septal oxytocin
receptors. Nature Neuroscience, 16(9), 1185–1187.

Hasan, M. T., Althammer, F., Gouveia, M., Goyon, S., & Grinevich, V. (2019).
A fear memory engram and its plasticity in the hypothalamic oxytocin system.
Neuron, 103(1), 133–146.

Hu, J., Wang, Z., Feng, X., Long, C., & Schiller, D. (2019). Post-retrieval oxy-
tocin facilitates next day extinction of threat memory in humans. Psychophar-
macology, 236(1), 293–301.

Huber, D., Veinante, P., & Stoop, R. (2005). Vasopressin and oxytocin excite
distinct neuronal populations in the central amygdala. Science, 308(5719), 245–
248.

Kanat, M., Heinrichs, M., Mader, I., van Elst, L. T., & Domes, G. (2015). Oxy-
tocin modulates amygdala reactivity to masked fearful eyes. Neuropsychophar-
macology, 40(11), 2632–2638.

Kanat, M., Heinrichs, M., Schwarzwald, R., & Domes, G. (2015). Oxytocin
attenuates neural reactivity to masked threat cues from the eyes. Neuropsy-
chopharmacology, 40(2), 287–295.

Kim, M., & Davis, M. (1993). Electrolytic lesions of the amygdala block ac-
quisition and expression of fear-potentiated startle even with extensive training
but do not prevent reacquisition. Behavioral Neuroscience, 107(4), 580–595.

Kirsch, P., Esslinger, C., Chen, Q., Mier, D., Lis, S., Siddhanti, S., ⋯Meyer-
Lindenberg, A. (2005). Oxytocin modulates neural circuitry for social cognition
and fear in humans. Journal of Neuroscience, 25(49), 11489–11493.

Knobloch, H. S., Charlet, A., Hoffmann, L. C., Eliava, M., Khrulev, S., Cetin,
A. H., ⋯Grinevich, V. (2012). Evoked axonal oxytocin release in the central
amygdala attenuates fear response. Neuron, 73(3), 553–566.

Koch, S. B. J., van Zuiden, M., Nawijn, L., Frijling, J. L., Veltman, D. J.,
& Olff, M. (2014). Intranasal oxytocin as strategy for medication-enhanced
psychotherapy of PTSD: Salience processing and fear inhibition processes. Psy-
choneuroendocrinology, 40, 242–256.

Kritman, M., Lahoud, N., & Maroun, M. (2017). Oxytocin in the amygdala and
not the prefrontal cortex enhances fear and impairs extinction in the juvenile
rat. Neurobiology of Learning and Memory, 141, 126–130.

Labuschagne, I., Phan, K. L., Wood, A., Angstadt, M., Chua, P., Heinrichs,
M., ⋯Nathan, P. J. (2010). Oxytocin attenuates amygdala reactivity to fear in
generalized social anxiety disorder. Neuropsychopharmacology, 35(12), 2403–
2413.

Lahoud, N., & Maroun, M. (2013). Oxytocinergic manipulations in corticolim-
bic circuit differentially affect fear acquisition and extinction. Psychoneuroen-

chinarxiv.org/items/chinaxiv-202110.00016 Machine Translation

https://chinarxiv.org/items/chinaxiv-202110.00016


docrinology, 38(10), 2184–2195.

LeDoux, J. E. (2000). Emotion circuits in the brain. Annual Review of Neuro-
science, 23, 155–184.

Linnman, C., Zeidan, M. A., Pitman, R. K., & Milad, M. R. (2012). Rest-
ing cerebral metabolism correlates with skin conductance and functional brain
activation during fear conditioning. Biological Psychology, 89(2), 450–459.

MacDonald, K., & Feifel, D. (2014). Oxytocin’s role in anxiety: A critical
appraisal. Brain Research, 1580, 22–56.

MacDonald, K., & MacDonald, T. M. (2010). The peptide that binds: A sys-
tematic review of oxytocin and its prosocial effects in humans. Harvard Review
of Psychiatry, 18(1), 1–21.

Maroun, M., & Wagner, S. (2016). Oxytocin and Memory of Emotional Stimuli:
Some Dance to Remember, Some Dance to Forget. Biological Psychiatry, 79(3),
203–212.

Mechias, M.-L., Etkin, A., & Kalisch, R. (2010). A meta-analysis of instructed
fear studies: Implications for conscious appraisal of threat. Neuroimage, 49(2),
1760–1768.

Menz, M. M., Rihm, J. S., & Buechel, C. (2016). REM Sleep is causal to
successful consolidation of dangerous and safety stimuli and reduces return of
fear after extinction. Journal of Neuroscience, 36(7), 2145–2152.

Milad, M. R., Quinn, B. T., Pitman, R. K., Orr, S. P., Fischl, B., & Rauch, S.
L. (2005). Thickness of ventromedial prefrontal cortex in humans is correlated
with extinction memory. Proceedings of the National Academy of Sciences of
the United States of America, 102(30), 10706–10711.

Milad, M. R., Quirk, G. J., Pitman, R. K., Orr, S. P., Fischl, B., & Rauch, S. L.
(2007). A role for the human dorsal anterior cingulate cortex in fear expression.
Biol Psychiatry, 62(10), 1191–1194.

Milad, M. R., Wright, C. I., Orr, S. P., Pitman, R. K., Quirk, G. J., & Rauch,
S. L. (2007). Recall of fear extinction in humans activates the ventromedial
prefrontal cortex and hippocampus in concert. Biological Psychiatry, 62(5),
446–454.

Modi, M. E., Majchrzak, M. J., Fonseca, K. R., Doran, A., Osgood, S., Vanase-
Frawley, M., ⋯Kablaoui, N. M. (2016). Peripheral administration of a long-
acting peptide oxytocin receptor agonist inhibits fear-induced freezing. Journal
of Pharmacology and Experimental Therapeutics, 358(2), 164–172.

Monfils, M.-H., Cowansage, K. K., Klann, E., & LeDoux, J. E. (2009).
Extinction-reconsolidation boundaries: key to persistent attenuation of fear
memories. Science, 324(5929), 951–955.

chinarxiv.org/items/chinaxiv-202110.00016 Machine Translation

https://chinarxiv.org/items/chinaxiv-202110.00016


Myers, K. M., & Davis, M. (2007). Mechanisms of fear extinction. Molecular
Psychiatry, 12(2), 120–150.

Neumann, I. D. (2008). Brain oxytocin: A key regulator of emotional and social
behaviours in both females and males. Journal of Neuroendocrinology, 20(6),
858–865.

Ninan, I. (2011). Oxytocin suppresses basal glutamatergic transmission but
facilitates activity-dependent synaptic potentiation in the medial prefrontal cor-
tex. Journal of Neurochemistry, 119(2), 324–331.

Petrovic, P., Kalisch, R., Singer, T., & Dolan, R. J. (2008). Oxytocin attenuates
affective evaluations of conditioned faces and amygdala activity. Journal of
Neuroscience, 28(26), 6607–6615.

Phelps, E. A., Delgado, M. R., Nearing, K. I., & LeDoux, J. E. (2004). Ex-
tinction learning in humans: Role of the amygdala and vmPFC. Neuron, 43(6),
897–905.

Rich, M. E., & Caldwell, H. K. (2015). A role for oxytocin in the etiology and
treatment of schizophrenia. Frontiers in Endocrinology, 6(90), 1–14.

Ross, H. E., & Young, L. J. (2009). Oxytocin and the neural mechanisms regu-
lating social cognition and affiliative behavior. Frontiers in Neuroendocrinology,
30(4), 534–547.

Schiller, D., Kanen, J. W., LeDoux, J. E., Monfils, M.-H., & Phelps, E. A. (2013).
Extinction during reconsolidation of threat memory diminishes prefrontal cortex
involvement. Proceedings of the National Academy of Sciences of the United
States of America, 110(50), 20040–20045.

Schiller, D., Monfils, M.-H., Raio, C. M., Johnson, D. C., LeDoux, J. E., &
Phelps, E. A. (2010). Preventing the return of fear in humans using reconsoli-
dation update mechanisms. Nature, 463(7277), 49–53.

Schwabe, L., Hoeffken, O., Tegenthoff, M., & Wolf, O. T. (2013). Opposite
effects of noradrenergic arousal on amygdala processing of fearful faces in men
and women. Neuroimage, 73, 1–7.

Spengler, F. B., Schultz, J., Scheele, D., Essel, M., Maier, W., Heinrichs, M., &
Hurlemann, R. (2017). Kinetics and Dose Dependency of Intranasal Oxytocin
Effects on Amygdala Reactivity. Biological Psychiatry, 82(12), 885–894.

Sripada, R. K., King, A. P., Garfinkel, S. N., Wang, X., Sripada, C. S., Welsh,
R. C., & Liberzon, I. (2012). Altered resting-state amygdala functional con-
nectivity in men with posttraumatic stress disorder. Journal of Psychiatry &
Neuroscience, 37(4), 241–249.

Striepens, N., Kendrick, K. M., Maier, W., & Hurlemann, R. (2011). Prosocial
effects of oxytocin and clinical evidence for its therapeutic potential. Frontiers
in Neuroendocrinology, 32(4), 426–450.

chinarxiv.org/items/chinaxiv-202110.00016 Machine Translation

https://chinarxiv.org/items/chinaxiv-202110.00016


Tost, H., Kolachana, B., Hakimi, S., Lemaitre, H., Verchinski, B. A., Mattay, V.
S., ⋯Meyer-Lindenberg, A. (2010). A common allele in the oxytocin receptor
gene (OXTR) impacts prosocial temperament and human hypothalamic-limbic
structure and function. Proceedings of the National Academy of Sciences of the
United States of America, 107(31), 13936–13941.

Toth, I., Neumann, I. D., & Slattery, D. A. (2012). Central administration
of oxytocin receptor ligands affects cued fear extinction in rats and mice in a
timepoint-dependent manner. Psychopharmacology, 223(2), 149–158.

Viviani, D., Charlet, A., van den Burg, E., Robinet, C., Hurni, N., Abatis, M.,
⋯Stoop, R. (2011). Oxytocin selectively gates fear responses through distinct
outputs from the central amygdala. Science, 333(6038), 104–107.

Wang, S.-C., Lin, C.-C., Chen, C.-C., Tzeng, N.-S., & Liu, Y.-P. (2018). Effects
of oxytocin on fear memory and neuroinflammation in a rodent model of post-
traumatic stress disorder. International Journal of Molecular Sciences, 19(12),
1–15.

Williams, L. M., Barton, M. J., Kemp, A. H., Liddell, B. J., Peduto, A., Gordon,
E., & Bryant, R. A. (2005). Distinct amygdala-autonomic arousal profiles in
response to fear signals in healthy males and females. Neuroimage, 28(3), 618–
626.

Zoicas, L., Slattery, D. A., & Neumann, I. D. (2014). Brain oxytocin in social
fear conditioning and its extinction: involvement of the lateral septum. Neu-
ropsychopharmacology, 39(13), 3027–3035.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202110.00016 Machine Translation

https://chinarxiv.org/items/chinaxiv-202110.00016

	Cognitive Neural Mechanisms of Oxytocin in Fear Acquisition and Extinction
	Abstract
	Full Text
	Cognitive Neural Mechanisms Underlying the Impact of Oxytocin on Fear Acquisition and Extinction
	Abstract
	1.1 Fear Acquisition Research Paradigm and Neural Mechanisms
	1.2 Extinction Research Paradigm and Neural Mechanisms

	2 Cognitive Neural Mechanisms of Oxytocin’s Effects on Fear Acquisition and Extinction
	2.1 Cognitive Neural Mechanisms of Oxytocin’s Effects on Fear Acquisition and Expression
	2.2 Cognitive Neural Mechanisms of Oxytocin’s Effects on Fear Extinction

	3 Summary and Outlook
	References


