Clinical research

Oxytocin in the socioemotional brain:
implications for psychiatric disorders

Peter Kirsch, PhD

The neuropeptide oxytocin (OXT), highly conserved dur-
ing evolution, is an important modulator of social and
emotional processes across many species. During the last
decade, a large body of literature has revealed its ef-
fects on different aspects of social behavior, including
social stress and anxiety, social memory, affiliation and
bonding, emotion recognition, mentalizing, empathy,
and interpersonal trust. In addition, as impairments in
these social domains can be observed in a number of
neuropsychiatric disorders, such as autism, social anxi-
ety disorder, depression, schizophrenia, and borderline
personality disorder, the role of OXT in mental disorders
and their treatment has been intensively studied. The
present paper gives a short overview of these lines of
research and shows how OXT has become a promising
target for novel treatment approaches for mental disor-
ders characterized by social impairments.
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Introduction

uring recent years, the neuropeptide oxytocin
(OXT) has attracted enormous interest in neuroscien-
tific research on social and emotional processes. Given
the generally increased interest in social cognition in
the area of psychiatric research, the number of publi-
cations focusing on OXT in the context of mental dis-
orders has also increased markedly in recent years. The
role of OXT in the context of childbirth and lactation
has long been studied; however, two lines of research
have motivated investigation into the role of OXT in
social behavior. First, animal research initiated by In-
sel and Young' on the role of OXT in maternal be-
havior and bonding revealed that OXT in the central
nervous system modulates social behavior. Second,
in human research, a startling paper by Kosfeld et al?
showed that the intranasal application of OXT—origi-
nally developed to support lactation in breastfeeding
mothers—increases interpersonal trust in an econom-
ic trust game. Since publication of that paper in 2005,
the overwhelming increase in the number of studies
on OXT’s role in social behavior is not surprising. The
present paper gives a brief overview of the research on
OXT and socioemotional processing in humans and of
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Selected abbreviations and acronyms

ASD autism spectrum disorder

BPD borderline personality disorder
DA dopamine

HPA hypothalamo-pituitary-adrenal
U international unit

OXT oxytocin

OXTR oxytocin receptor

RMET Reading the Mind in the Eyes Test

its importance in understanding social deficits and cor-
responding treatment in psychiatric disorders.

Neurophysiology of the oxytocin system

Evolutionarily speaking, OXT is a very ancient neuro-
peptide, conserved in many species ranging from inver-
tebrates to mammals.?

In mammals, OXT, together with its sister neuro-
peptide arginine vasopressin (AVP), is synthesized in
magnocellular neurons located in the paraventricu-
lar and supraoptic nuclei of the hypothalamus. From
there, via axonal processing, OXT is transported to
the posterior pituitary, where it is stored in secre-
tory vesicles for release into the portal vascular sys-
tem to exert its peripheral effects on target organs,
the uterine and mammary glands, via general blood
circulation. However, in addition to this well-known
neuroendocrine pathway, other brain pathways en-
able OXT to act as a neuropeptide. For the central
effects of OXT, aside from the potential impact of
diffusion of extracellular OXT to other brain regions,
OXT neurons directly project from the hypothalamus
to a large number of brain regions related to social
and emotional processing. Outside a number of fore-
brain regions, projections are particularly found in
the amygdala, the hippocampus, and the nucleus ac-
cumbens.* OXT neuron projection targets fit nicely
with brain regions known to contain OXT receptors
(OXTRs).” However, these findings were exclusively
attained in rodents; much less is known about the
distribution of OXTRs in humans. Recently, initial
studies in nonhuman primates identified brain re-
gions with OXT binding sites, including the amygdala,
the hippocampus, and the anterior cingulate cortex
(ACC),%7 highly consistent with the suggested role of
OXT in social and emotional processing.

Neurobiology of oxytocin effects
in the human brain

Although the exact distribution of OXTRs in the hu-
man brain remains unknown, human neuroimaging
studies have shown impressive accordance with regard
to the effect of OXT challenge on brain activation dur-
ing social cognitive tasks. In all such studies, OXT was
administered intranasally, a method known to success-
fully deliver neuropeptides to the brain,® although it re-
mains unclear how the blood-brain barrier is crossed by
these molecules. In an initial study looking at the effect
of intranasal OXT (27 international units [IU]) on brain
activation during the perception of socioemotional
stimuli, we found a significant attenuation of amygdala
activation after OXT challenge as compared with pla-
cebo.’ In addition, the functional coupling between the
amygdala and the brain stem was significantly reduced.
Those results agree well with animal studies showing
an OXT-related reduction in social fear, also shown to
be modulated by the amygdala and downstream projec-
tions to brain stem regions.'” This first evidence for an
important modulatory effect of OXT on the amygdala
was replicated in a number of studies using different so-
cial cognitive or emotional paradigms. Almost all stud-
ies found a reduction in amygdala activation after intra-
nasal challenge with OXT (for an overview, see Wigton
et al'!). However, since most studies were conducted
exclusively in males, an unresolved question is whether
the findings can be generalized to females. While one
study using visual stimuli of emotional faces found an
increase in amygdala activation in females,'> another
study using infant cries as a social emotional stressor
reported a decrease.!* However, though researchers un-
derstandably prefer to study males rather than females
due to multiple problems related to the menstrual cycle,
a clear understanding of gender differences is nonethe-
less necessary, particularly when focusing on OXT as a
potential treatment for mental disorders.

In addition to the unresolved gender issue, the very
strong evidence for OXT effects on the amygdala do
not necessarily mean that this brain structure is the
main site of OXT action. Aside from existing knowl-
edge!® suggesting an important role for this structure,
and thus a priori definition of this region of interest
creating a sort of spotlight effect in many studies, most
of the paradigms used are also specifically suited to
identification of effects in limbic structures, particularly
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the amygdala. However, consistent with the findings of
OXTR distribution in the primate brain,®’ some stud-
ies also find effects of OXT in visual areas, particularly
the fusiform gyrus.'*'> One can assume that OXT ef-
fects will be found in many areas of the brain involved
in social processing, sometimes referred to collectively
as the social brain;!*'” more sophisticated experimen-
tal paradigms and analysis might uncover these effects
in the future. Particularly when looking at behavioral
studies, OXT can be concluded to play an important
role in a wide range of social cognition.

Oxytocin and social cognition

Before OXT in human social behavior attracted much
interest, a number of studies looked at the role of the
OXT system in different species, including mice, rats,
voles, sheep, and monkeys (for an overview, see Insel
and Young'and Donaldson and Young?®). However, the
discovery that intranasal OXT was a suitable tool for
investigating OXT effects in humans allowed many
of the findings from animal research to be confirmed
in human studies. Such studies looked at a number of
social cognitive functions, including social stress and
anxiety, social memory, affiliation, emotion recognition,
mentalizing, empathy, and interpersonal trust.

Social stress and social anxiety

Prior to discovery of its important role in affiliation and
bonding, OXT was shown to modulate fear and stress-
related systems like the hypothalamo-pituitary-adrenal
(HPA) axis in rodents.!”® In humans, the suckling of a
newborn increases OXT release in the mother’s brain,
subsequently reducing plasma levels of the stress hor-
mones adrenocorticotropic hormone (ACTH) and
cortisol.’*?° Therefore, it is naturalistic to test the stress-
dampening effect of OXT in breastfeeding women.
Interestingly, breastfeeding before stress exposure re-
duces ACTH and cortisol responses to psychosocial or
physical stress in postpartum lactating women, com-
pared with nonlactating women.?*> This stress-buffer-
ing effect of OXT was confirmed through intranasal
OXT challenge in humans* and primates.** However,
meta-analysis showed a significant cortisol-reducing
effect of OXT during stress only for laboratory tasks
producing a clear HPA-axis response.” Such tasks are
mainly those having a social-evaluative component.?

Consistently, while social processes seem to boost the
effect of OXT on stress-hormone secretion, there is
no effect of OXT on basal cortisol in the absence of
an acute stressor.” In line with those results, the stress-
dampening effect of OXT treatment is specifically am-
plified when combined with social support.?® Such inter-
relation between OXT and social interactions was also
demonstrated in an interesting study of romantic cou-
ples engaged in conflict discussion. The authors found
a reduced cortisol response and an increase in positive
communication after intranasal OXT challenge.”

Besides increased social stress, social fear can also be
established through conditioned social fear responses,
which animal®* as well as human research® has shown
can be modulated by OXT. Both have found that OXT
administration facilitates extinction of the conditioned
fear response. In humans, intranasal OXT (24 IU) chal-
lenge after Pavlovian fear conditioning leads to a faster
decrease in conditioned electrodermal responses; how-
ever, this effect is observed for both social and nonso-
cial conditioned stimuli.

OXT also modulates another characteristic of social
anxiety: increased attentional bias toward socially rel-
evant stimuli. While individuals with high social anxi-
ety show increased vigilance to stimuli associated with
social threat, such as emotional faces, this bias can be
significantly reduced by intranasal application of 24 TU
of OXT.*

To summarize, OXT exerts its effects on different
information processing levels associated with social
anxiety via a more general stress-dampening effect dur-
ing social stress, modulation of fear conditioning, and
modulation of attentional processes associated with so-
cial anxiety.

Social memory

The importance of the OXT system for social memory
was convincingly demonstrated by Ferguson et al** in an
impressive paper demonstrating a specific lack of social
memory in genetically mutated mice missing the OXTR
gene. These homozygotic knockout mice show a dra-
matic failure to develop social memory for conspecif-
ics while showing an intact nonsocial olfactory memory.
In addition, while treatment with OXT rescued social
memory in the knockout mice, giving an OXT antago-
nist to the wild-type animals mimicked the social-mem-
ory deficit. A similar phenotype is observed in a CD38
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knockout mouse.* CD38 is a transmembrane protein
that stimulates the secretion of OXT in the brain. These
CD38 knockout mice show reduced plasma OXT levels
and reduced social recognition, which can be reversed
by the administration of OXT or CD38.

These findings have been replicated in human stud-
ies that show an enhancement in face memory after
intranasal OXT challenge, either through improved en-
coding of memories® or by increasing the familiarity of
stimuli.’® In addition, intranasal administration of OXT
after learning social stimuli improved the recognition of
face identity, but not expression.”” However, a memory-
enhancing effect was not observed in all studies look-
ing at social memory.*® Furthermore, OXT has been
described as an “amnestic peptide,”® as in the context
of nonsocial memory, OXT has a memory-impairing
effect. These contradictory results could be due to the
well-known interaction between OXT and cortisol via
the OXT modulatory effect on the HPA axis. Since cor-
tisol can also have a memory-enhancing or -impairing
effect, depending on the context,” it is reasonable that
OXT could differentially influence memory depending
on the specific circumstances (see ref 41 for a discussion
of these relationships).

Affiliation

Given the well-established role of the OXT system in
pair bonding and attachment in animals, it seems obvi-
ous to look at OXT’s role in human affiliative behav-
ior. Affiliation and bonding are the social processes
most closely related to the role of OXT in reproductive
behavior. During mating, OXT secretion increases,*
leading to an increased attachment between the mat-
ing partners after the sexual act, most likely through a
dopaminergic, reward-related pathway.* However, this
OXT-dopamine (DA) interaction during pair bond-
ing is not restricted to mating. Males seeing the face of
their female partners show an increased activation of
reward-related dopaminergic brain regions after intra-
nasal application of 24 TU of OXT.*

During breastfeeding, maternal OXT secretion is in-
creased and the OXT is transferred to the child via the
mother’s milk; this may further increase mother-child
bonding.* Interestingly, in many rodents, OXT secre-
tion during labor changes the mother’s behavior from
avoiding to approaching pups,* and in humans, OXT
levels in mothers seem to be positively correlated to the

quality of mother-child interrelations.*’ Although the
biological basis of OXT in mother-infant relations is
obvious, there is also evidence for an important role of
OXT in the attachment and affiliation between father
and children. The OXT level in adults from both sex-
es correlates significantly with the amount of parental
bonding (to mother and father).*

The role of OXT in parent-child relations is not
only reflected in the association between basal OXT
levels and relation quality, but also in the differences
in OXT secretion during interpersonal interaction and
the amount of bonding. Parents having a high level of
body contact with their children in a 15-minute “play
and touch” session show markedly larger increases in
salivary OXT levels than parents experiencing lower
levels of touch,* mimicking what is seen in rodents with
respect to licking and grooming behavior.* Important-
ly, the amount of licking and grooming also shapes the
OXT system of the pups, establishing a mode of trans-
generational propagation of OXT-related social behav-
ior via epigenetic mechanisms.”' Such influences from
parental social behavior on the functionality of the
OXT system in children was also shown in a study in-
vestigating children who grew up in a very aversive, so-
cially deprived environment in East European orphan-
ages. Once in adoptive families, the children showed
markedly lower urinary levels of OXT after social in-
teraction with their adoptive mother as compared with
normally reared biological children of the same moth-
ers.”

Interestingly, it is not only social behavior that
shapes the OXT system of the next generation; the pa-
rental OXT system is also associated with the respon-
sivity of their offspring’s OXT system and social behav-
ior, further emphasizing the importance of this system
for cross-generational transmission of social behaviors.
Children of fathers who were treated with OXT, leading
to higher salivary OXT levels and increased positive in-
teraction behavior, also showed increased salivary OXT
levels and more engagement in social interaction.*

The application of intranasal OXT does not only
influence parent-child bonding, but also male-female
bonding. In one study, social touch from a female ex-
perimenter was rated as being more pleasant and acti-
vated more limbic brain regions in heterosexual males
after intranasal application of 24 IU of OXT.*

Opverall, there is clear evidence for the crucial role
of OXT in attachment, bonding, and social affiliation
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in different types of social relationships. Furthermore,
the OXT system is an important target for the effect
of developmental influences on social behavior and for
epigenetic influences modulating the cross-generation-
al transfer of this behavior.

Emotion recognition, empathy, and mentalizing

Key components of social cognition are the ability to
correctly recognize states and intentions of other indi-
viduals and to be able to empathically feel what they
feel. Much evidence shows that OXT increases the
ability to recognize emotional expressions in faces.
However, evidence about the influence of valence
shows some inconsistencies. While some studies found
a specific effect of OXT on the recognition of happy
faces, others found a specific effect for the recognition
of fear.”” Interestingly, these effects were not only ob-
served during a normal presentation of faces, but also
for a very short, masked presentation.*®

The Reading the Mind in the Eyes Test (RMET)>
requires the ability to detect emotional states from pic-
tures exclusively depicting the eye region of different
individuals. While some use this test for emotion rec-
ognition, it covers additional social cognitive functions,
namely mentalizing or theory of mind. In this specific
paradigm, adminstration of 24 IU of OXT also improves
performance.® This effect is specifically observed in in-
dividuals with higher alexithymia® or reduced empathy
abilities®” and points to the role of OXT in empathy. In-
tranasal application of OXT has been shown to increase
emotional, but not cognitive empathy, potentially by an
amygdala-dependent mechanism.®® The effect was not
observed for empathy for pain.*

Overall, OXT is an important modulator for social
cognitions that influence an individuals’ ability to suc-
cessfully behave in interpersonal interaction. Therefore,
OXT is very interesting for research in the context of
psychiatric disorders.

Trust

An important interpersonal process, repeatedly dis-
cussed in the context of OXT, is trust. In an experimen-
tal setting, trust is usually measured by means of an
economic trust game.% In such a game, involving two
players, an investor can transfer a share of his money
to a trustee. This money is tripled and the trustee can

return money to the investor. If the investor trusts the
trustee and the trustee himself plays fair, the investor
can increase his own balance by investing money. The
amount of invested money can therefore be used as a
measure of trust. As shown in the literature, a single
intranasal dose of OXT (24 IU) significantly increases
trust, but not risk, behavior.? The relationship between
trust and OXT has been reinforced through genetic
analysis® showing that a common variant of the OXTR
gene modulated the amount of invested money in the
trust game.

There is some discussion whether trust as measured
in the trust game is a good proxy for interpersonal trust
as it occurs in everyday interactions. Therefore, it is in-
teresting to see that OXT also increases other kinds of
interpersonal trust. After a single intranasal application
of OXT (32 IU), study participants have more confi-
dence that private information is in good hands with
their interaction partners® than after receiving placebo.
Furthermore, if trust is betrayed, OXT increases the
willingness of participants to attribute this behavior to
nonpersonal causes.®

On the neural level, such OXT-related maintenance
of trust after betrayal is modulated by reduced activa-
tion of a network consisting of the amygdala, and mid-
brain structures, as well as the dorsal caudate.®® That
finding supports the assumption that the trust-increas-
ing effect of OXT is driven by a reduction in fear and
reduced feedback-related learning during interpersonal
interaction.

While all the studies reported here support a pro-

social, cooperation-supporting role for OXT in social
behavior, there is some evidence that this is modulated
by contextual factors. The effect has been shown to be
restricted to interaction with familiar persons™ and/or to
in-group members, whereas cooperation with out-group
members was even found to be reduced after the appli-
cation of intranasal OXT.” This influence of the social
context on the OXT effect was also partly supported by a
recent meta-analysis.”> While a significant medium-sized
trust-increasing effect was found in in-group members,
it was not significant for out-group members. However,
notably, there is no meta-analytic evidence for a trust-
reducing effect of OXT for out-group members.
In general, there is very good evidence for a trust-in-
ducing effect of OXT, making the substance a promis-
ing candidate for supporting prosocial behavior in men-
tal disorders associated with interpersonal distrust.
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Oxytocin in psychiatric disorders
and their treatment

Given the restricted treatment options in psychiatry, it
is not surprising that OXT has been used as an experi-
mental treatment option. As early as 1972, a letter from
the Russian psychiatrist Bujanow” was published in
the British Medical Journal, reporting that intravenous
OXT injections to treat schizophrenia patients had
“some rapid therapeutic effects” and “prevented some
hospitalizations.” A second letter from the author 2
years later supported this approach’™; however, it would
take longer for OXT to enter the focus of neuropsychi-
atric research. Bujanow’s report was rather anecdotal
and did not include any theoretical considerations. In
contrast, around 20 years later, initial ideas for OXT as
a treatment option were published and used at least a
phenomenological perspective: referring to the animal
literature on the relation between OXT and affiliation
and the symptomatology of the disorder, Modahl and
colleagues™ speculated in a letter to the editors of the
Journal of Autism and Developmental Disorders about
a potential role for OXT in autism. A number of years
would pass before the first empirical investigation about
the relation between alteration of the OXT system and
autism spectrum disorders (ASDs).”® In that study,
Modahl and colleagues reported a significantly lower
level of OXT in plasma of autistic patients than con-
trols. Although plasma OXT cannot be directly inter-
preted to reflect central OXT levels and although these
results could not be replicated in another study looking
at the plasma OXT response to acute stress in autism,”
Modahl’s paper’ was a kind of initiation of OXTR in
psychiatry research. Meanwhile, a large and constantly
growing number of studies on OXT can be found for al-
most any psychiatric disorder including schizophrenia,
depression, anxiety disorders, and personality disorders.
This research is mainly driven by the hope that OXT
might offer a new mechanism for the treatment of such
disorders, particularly the treatment of social and emo-
tional deficits common in psychiatric disorders, which
makes sense from a domain-specific view of psychiatric
nosology.”

Autism spectrum disorder

Given the prominent role of OXT in attachment, bond-
ing, and social interaction, it is not over-reaching to as-

sume a relation between the neuropeptide and autism,
as social impairments have been regarded as a central
feature of the disorder since the initial description by
Leo Kanner and up to the currently used diagnostic cri-
teria for ASD. Besides initial evidence about reduced
plasma levels of OXT in autism,”*” most evidence for
an important role of the OXT system in this disorder
comes from genetic studies. The OXTR gene is an obvi-
ous candidate to investigate for associations with ASDs.
Not only is the OXTR gene located at a suggestive link-
age peak for the disorder,* but a number of association
studies suggest a relation between different variations
of the OXTR gene and ASD.®% Although there are
some negative® or ambiguous findings,*” and although
the OXTR gene did not produce a significant signal in
a genome-wide association study (GWAS) analysis of
autism,®® there is now meta-analytic evidence for an as-
sociation between this gene and autism.®

Another interesting candidate gene for ASD in the
context of OXT is the CD38 gene. CD38 is reported to
be involved in OXT secretion in the central nervous
system and influences social behavior in mice.** In hu-
man studies, a common single nucleotide polymor-
phism, associated with ASD in two samples, has been
identified.””' Furthermore, the risk allele for autism of
this genetic variant is associated with a lower expres-
sion of CD38 in lymphoblastoid cells,”® which should
result in reduced secretion of OXT in the brain. On the
brain level, the genetic risk variant is associated with
increased activation in the fusiform gyrus and reduced
activation in the left amygdala while perceiving social
stimuli and faces with a gaze directly pointed toward
the observer."” Both brain areas have been found to be
altered in ASD during social perception.”

These strongly supportive findings for an important
role of OXT in ASD also led to studies looking at OXT
as a potential treatment in autism. The first study in this
context was published in 2003.” In that study, an intra-
venous infusion of OXT reduced repetitive behaviors in
ASD patients. In a second report on that study, the au-
thors added evidence that this treatment also improved
the comprehension of affective speech.”* However, that
positive finding is somewhat puzzling because there is no
explanation of how the substance reaches the brain to
exert its central action when given intravenously. There-
fore, newer studies used the intranasal application route.
These proof-of-concept studies usually used a single
administration of OXT at a dose between 18 and 42
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IU compared with placebo in a double-blind crossover
design. There is some evidence that such a treatment
improves social cognition in patients, such as emotion
recognition and mentalizing,” visual scanning of faces,
positive interaction behavior in a virtual game,” and eye-
gaze frequency during social interaction.”’ Interestingly,
the latter study, conducted in a group of patients with
fragile X syndrome, showed that improvement in eye-
gaze behavior was accompanied by a decrease in salivary
cortisol, suggesting that OXT treatment acts by reduc-
ing stress during social activity. These findings fit nicely
with others showing an increase in amygdala activation
in ASD during direct eye gaze,” assuming that the posi-
tive effect of a single dose of OXT on social cognition in
autism might be associated with its stress- and anxiety-
reducing effect during social interaction.

However, while those single-dose treatments pro-
duced very promising results, effects are less clear when
looking at rare studies that tested prolonged treatment
with intranasal OXT. In those studies, the primary out-
comes were more clinically relevant measures, such as
an improvement in global clinical impression, autistic
symptoms,” or mother-child interaction.!® Whereas in
one study” OXT was administered as two daily doses
over 6 weeks, in the other study, 12 to 24 IU were given
once a day for 4 days.'” Aside from such large differ-
ences in the treatment scheme, neither study found a
main effect of the substance on primary outcome mea-
sures. However, Anagnostou and colleagues,” using the
6-week treatment, found a very strong effect on perfor-
mance in the RMET,” replicating the first study on a
single-dose application in ASD.

Taken together, initial treatment studies with OXT
in ASD reveal some promising effects on experimental
measures of social cognition, but evidence is missing for
a sustainable effect on clinical measures.

Anxiety disorders

Given the clear anxiolytic effect of OXT, particularly in
the context of social fear and anxiety, another clinical
condition that enters the focus of OXT research is anxi-
ety disorder. However, while there is a large body of
basic research on the relation between OXT and social
anxiety, the evidence for a pathogenetic role of OXT in
social anxiety disorders is missing. In contrast to ASD,
in social anxiety disorder, there is no evidence for an
altered plasma level of OXT.!""!> However, even more

puzzling, while increased anxiety symptoms are associ-
ated with higher plasma OXT levels,'”” social anxiety
disorder patients showed lower levels than controls
after social interaction in a trust game.!”! Nevertheless,
some treatment trials with OXT for anxiety disorders
exist, including a pioneer study on the effect of intra-
nasal OXT for the treatment of posttraumatic stress
disorder (PTSD) in veterans.'” However, the authors
found only a nonsignificant tendency toward a reduc-
tion in physiological stress responses during imagery of
personally relevant combat situations. That finding pro-
vides evidence that OXT might be a reasonable add-on
for behavioral therapeutic treatments of anxiety disor-
ders, allowing the patients to deal with more anxiety-
related situations. That idea was tested in another study
combining a repeated application of OXT or placebo
with a group-exposure therapy in patients with social
anxiety disorder.'™ Whereas there was no substance
effect on the reduction in subjective symptoms, pos-
sibly due to a generally high reduction in symptoms
in both groups, patients treated with OXT reported a
subjectively better appearance and performance during
the testing situations, consisting of public speech. In a
neurobiological approach, a stronger OXT-related at-
tenuation of an initially increased activation of limbic
structures was found in social anxiety disorder patients
engaged in watching emotional faces.'”> OXT treatment
in social anxiety disorder might be more helpful in re-
ducing the social stress level than anxiety symptoms in
patients, which might then predispose anxiety patients
to better benefit from a psychotherapeutic exposure
treatment.

Schizophrenia/psychosis

Aside from the desire to improve treatment of schizo-
phrenia through uncovering new biological pathways,
elucidating the role of OXT is of interest both clinically
and biologically speaking. Clinically, OXT treatment
could be useful for particularly treatment-resistant neg-
ative symptoms, such as social withdrawal and anhedo-
nia, as well as increased social anxiety. Biologically, in
light of the dominating DA hypothesis of psychosis, it
could be argued that the clear interaction between the
DA and the OXT system suggests a role for OXT in
the disorder. On the molecular level, DA receptors can
be found on OXT neurons in different brain regions'®
and OXT and DA receptors are colocated in regions
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of the mesolimbic DA system,!?” also important in the
context of psychotic symptoms. In addition, dopamine-
OXT-receptor heteromers in the rat striatum have re-
cently been proposed, possibly constituting a molecular
mechanism underlying these OXT-DA interactions'®
and encouraging testing for OXT effects on psychotic
symptoms. While some early studies reported increased
plasma levels of OXT in schizophrenia,'” this finding
could not be replicated in later studies reporting no dif-
ferences in OXT levels in cerebrospinal fluid (CSF)"°
or even diminished levels in plasma.!"' These incon-
sistencies might be due to different effects of OXT on
positive versus negative symptoms. While there is some
evidence for an association between increased OXT
and positive symptoms,'? negative symptoms might be
associated with reduced plasma OXT either at basal
levels'! or after social interactions.'

Hints for successful treatment of schizophrenia symp-
toms with OXT come from animal research showing a
positive effect of OXT in prepulse inhibition (PPI)'* as
well as in a chronic phencyclidine (PCP) treatment model
of schizophrenia''; in the former, reversing the PPI defi-
cit; in the latter, the PCP-induced social deficit. The first
methodologically sound study in patients was published
in 2010."¢ Using up to 40 IU of intranasal OXT daily for
three weeks as an add-on to a stable neuroleptic medica-
tion, the authors found a reduction in positive and nega-
tive symptoms, as well as in global clinical impression in
15 schizophrenia patients. Initially revealed in a double-
blind crossover study, those findings were replicated in
a double-blind parallel-group study!!” showing not only
a reduction in general psychotic symptoms, but also an
improvement in different social cognitive measures in
patients treated with OXT for 2 weeks. The strongest ef-
fects were reported in a double-blind placebo-controlled
study of 40 schizophrenia patients who were on stable
monotherapy with resperidone and received either
placebo or up to 40 IU OXT as adjunct therapy over 8
weeks.!!® The authors report a large additional effect of
OXT on general psychopathology, positive symptoms,
and negative symptoms.

These studies show evidence of a twofold effect of
OXT in the treatment of schizophrenia: while it seems
to boost the antipsychotic effect on positive symptoms
over a prolonged treatment, probably through an OXT-
DA interaction pathway, it also improves negative
symptoms, probably via a more general, disorder-inde-
pendent mechanism. While the reduction in psychotic

symptoms seems to require a longer treatment period,
the improvements in social cognition, such as emotional
face recognition, are observed even after a single dose
of OXT, either on the behavioral'"” or on the neural lev-
el,'”® where it exerts its effect mainly in the amygdala.
However, it is less clear whether this effect is specific
to schizophrenia, as improvements in social cognition
were observed in healthy participants as well.’?! Alto-
gether, there is no doubt that the treatment effects of
OXT in schizophrenia are among the most impressive
in the field of psychiatric disorders.

Depression

Given the very well-documented effect of OXT on the
HPA axis and the important role of this axis for depres-
sion, it is not surprising that a large body of literature
looks at the role of the OXT system in mood disorders.
First attempts to approach the question of such a re-
lationship investigated OXT levels in patients suffer-
ing from mood disorders, particularly from depression.
However, as results are inconsistent in those studies, a
clear relationship cannot be postulated. There is some
evidence that female patients show reduced OXT lev-
els whereas male patients might show even increased
levels.'”> Generally, the relationship between OXT level
and depression is complex and it can be assumed that
multiple interactions with other neurotransmitter sys-
tems such as serotonin and DA play an important role.

A significant association has been reported between
the rs53576 polymorphism on the OXTR gene and de-
pression.'’” However, whereas the G allele was associ-
ated with depression, negative emotionality was asso-
ciated with the A allele of this genetic variant.'* Thus,
the impact of OXTR genotypes on depression appears
complex and one could speculate that it would involve
gene/environment interactions.'” Not only does early
life stress lead to reduced CSF levels of OXT,!? there is
also some evidence for an interaction between OXTR
genotype and early adverse events increasing the risk
for mood disorders.'?"!? Interestingly, this effect seems
to particularly impact postpartum depressive symptom-
atology.

Evidence for the importance of OXTR gene/en-
vironment interactions also comes from a very recent
study showing reduced DNA methylation of exon 1 of
the OXTR gene in depressed females, and that this is
modulated by the OXTR rs53576 genotype.'®
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Regarding treatment, initial evidence for an anti-
depressant effect of OXT came from an animal study
demonstrating reduced immobility in mice after a
forced-swim test, matching the effect of traditional an-
tidepressants.'*® Despite those promising animal results,
there is no report of successful treatment with OXT in
human depression. Indeed, the rare clinical studies treat-
ing depressed patients with OXT are not very promising.
There is only one case report in the literature showing a
decrease in depressive symptoms after a 1-week treat-
ment with 8 IU of OXT as an adjunct to escilopram.'"!
Also, a single administration of 40 IU of intranasal OXT
was reported to augment neural activity in limbic regions
of depressed patients during the RMET."*> However, in
postpartum depression, administration of 24 IU of intra-
nasal OXT for 1 week was shown to increase sad mood
in patients.””® This speaks for a specific role of OXT in
postpartum depression, as delivery itself is associated
with a strong secretion of OXT.

In summary, there is no evidence that OXT would
be a good option for the treatment of depression.

Borderline personality disorder

Disturbances in social processes, particularly in inter-
personal interactions, are a key symptom of borderline
personality disorder (BPD), which should stimulate
interest in research of the relation between BPD and
OXT," also encouraged by this clinical picture and the
lack of sufficient symptom-specific pharmacological
treatment options. However, compared with other psy-
chiatric disorders, research focusing on OXT and BPD
has had a rather late start.

Recently, initial evidence was published showing a
reduced plasma OXT level in female BPD patients.'®
That study also replicated former findings of a signifi-
cant negative correlation between OXT level and the
amount of childhood trauma, but did not find a medi-
ating effect on the relation between childhood trauma
and BPD symptoms according to OXT level. In a study
with the so-called “cyber-ball” game,'* it was shown
that the experience of social exclusion leads to a de-
crease in plasma OXT level in BPD, but not in controls,
leading to a more pronounced group difference,'” an
effect unrelated to cortisol responses. That finding sup-
ports the assumption of deregulated rather than gener-
ally reduced secretion of OXT in BPD. Therefore, treat-
ment trials with OXT seem promising. However, results

from initial studies, all using a single dose of intranasal
OXT, are contradictory. In two independent studies,
OXT reduced trust and cooperation in BPD patients,'*
in strong contradiction to what was found in healthy
participants.> However, in the same sample as used for
the trust study,' the cortisol response to a psychosocial
stressor was attenuated.”® In addition, a single dose of
26 IU of intranasal OXT normalized the behavioral and
neural (amygdala) hypersensitivity to social threats in
BPD patients.'*” These somewhat puzzling results sug-
gest that trust and social stress/anxiety in BPD patients
are not modulated through the same mechanism. That
conclusion needs much more elaboration, but never-
theless seems to indicate that a simple explanation that
trust-increasing effects of OXT are generated via a re-
duction in fear must not be sufficient.

Conclusions

The tremendous amount of research on the role of OXT
in social and emotional processing and its importance
for understanding and treating mental disorders has
revealed many interesting new insights, but many in-
consistencies as well. Nevertheless, there is cumulating
evidence for an important modulatory effect of OXT in
the context of social stress, social anxiety, social cogni-
tion, and psychosis. Such evidence is mostly consistent
with neurobiological observations of the central OXT
system and its interactions with other brain systems
identified to be modulated by OXT. These domain-
specific effects and their neurobiological underpinnings
warrant efforts to test OXT as a new treatment option
for a variety of psychiatric disorders. Figure I briefly
summarizes these findings on different levels.
Unfortunately, treatment approaches have thus far
differed to a great extent. The minority of studies in-
vestigate the effect of long-term treatment or uses clin-
ical symptomatology as a primary outcome measure.
More studies use the single intranasal administration
approach and look at more general social cognitive
functions. It is not surprising that these treatments lead
to effects that can also be observed in healthy controls.
Nevertheless, these findings indicate that OXT treat-
ment, possibly with the exception of positive symp-
toms in schizophrenia, should follow a mechanistic
approach rather than a diagnosis-related one, target-
ing social cognitive and interpersonal deficits, which
are observed in a number of neuropsychiatric disor-
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ders. Therefore, OXT could be a model substance for
the development of new treatments that are oriented
to the Research Domain Criteria (RDoC) approach,’™
an idea that is also supported by a recent meta-anal-
ysis showing significant effects only in cross-diagnosis
analyses."! Furthermore, OXT seems to be more suit-
able for use as a potential add-on to other treatments
rather than constituting a new pharmacological option
for monotherapy. This idea should be considered in
particular when thinking about pharmacologically sup-
ported psychotherapy, where OXT might be a useful
treatment supplement.'#

However, there are a number of unresolved issues
in OXT research. First, we still suffer from the lack of
tracers that would allow us to map the distribution of
OXT receptors and its occupancy in the human brain in
vivo. Second, many studies in the clinical context refer
to peripheral OXT levels, while the relationship between
peripheral and central OXT is still not entirely clear, al-
though there is some evidence for a correlation of both
under stress conditions in rats.'*® In addition, although we

Neurobiological
observation

Neurobiological
system level

E—
OXT-HPA — Hypothalamus
interaction \ /
><: e
Amygdala
OXT receptor i
in the social brain
\ Visual areas
(Fusiform) \
(Medial) /V
prefrontal cortex
OXT-DA /
interaction — »  Ventral striatum >

know that the OXT system is sexually dimorphic, most
of the human research, particularly in the area of intra-
nasal administration, was conducted in males. Further-
more, there are some inconsistencies regarding the role
of OXT in social processes as well as in the treatment
of social deficits, supporting the assumption that the
beneficial effects of OXT might be restricted to specific
conditions. A more or less naive approach to simply test
the effect of OXT in many different conditions must be
replaced by more sophisticated approaches to identify
the specific circumstances that create an adjuvant effect
of the substance. Finally, regarding OXT treatment, it
remains unresolved whether prolonged administration
leads to effects comparable to those seen after a single
administration. While there is no doubt about the safety
of single-dose treatments, this is less clear for repeated
administration over a longer period. Nevertheless, one
can expect the very vital and productive field of OXT
research to reveal much more interesting findings of par-
ticular importance for the field of clinical neuroscience
and neuropsychiatric disorders.

Behavioral Clinical disorder
domain level level
. >
Social stress | SAD
Social anxiety | -
Social memory T Depression
Interpersonal trust T
BPD
Emotion recognition T
Mentalizing/empathy T ASD

Affiliation/bonding T

Schizophrenia

Psychosis | —_— 2

Figure 1. Summary of the role of oxytocin on different descriptional levels and its relation to neuropsychiatric disorders. ASD, autism spectrum disor-
der; BPD, borderline personality disorder; DA, dopamine; HPA, hypothalamo-pituitary-adrenal; OXT, oxytocin; SAD, social anxiety disorder
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La oxitocina en el cerebro socioemocional:
repercusiones en los trastornos psiquiatricos

El neuropéptido oxitocina (OXT), muy bien conservado
durante la evolucion, es un modulador importante de
los procesos sociales y emocionales en muchas especies.
Durante la ultima década, bastante literatura ha revela-
do sus efectos sobre diferentes aspectos de la conducta
social, incluyendo el estrés social y la angustia, la me-
moria social, la filiacion y el vinculo, el reconocimiento
de las emociones, la mentalizacion, la empatia y la con-
fianza interpersonal. Ademas, se ha estudiado extensa-
mente el papel de la OXT en los trastornos mentales y
su tratamiento ya que las alteraciones en estos aspectos
sociales pueden observarse en varios trastornos neurop-
siquidtricos como el autismo, el trastorno de ansiedad
social, la depresion, la esquizofrenia y el trastorno de
personalidad borderline. Este articulo entrega una pe-
quena panoramica de estas lineas de investigacion y
muestra como la OXT ha llegado a ser un objetivo pro-
misorio para las nuevas aproximaciones terapéuticas
para los trastornos mentales caracterizados por altera-
ciones sociales.

L'ocytocine dans le cerveau socio-émotionnel :
implications dans les troubles psychiatriques

L'ocytocine (OXT), neuropeptide trés bien conservé au
cours de ['évolution, est un modulateur important des
processus sociaux et émotionnels dans de nombreuses
espéces. Ces 10 derniéres années, de nombreux articles
de la littérature ont montré ses effets sur différents as-
pects du comportement social dont le stress et I'anxiété
sociaux, la mémoire sociale, 'affiliation et la création de
lien, la reconnaissance des émotions, la mentalisation,
I'empathie et la confiance interpersonnelle. De plus, le
réle de I'OXT dans les troubles mentaux et leur traite-
ment a été trés étudié car des déficits dans ces domaines
sociaux sont observés dans de nombreux troubles psy-
chiatriques comme I'autisme, I'anxiété sociale, la dépres-
sion, la schizophrénie et la personnalité «borderliney.
Dans cet article nous faisons une bréve revue de ces axes
de recherche et montrons comment I'OXT est devenue
une cible prometteuse de nouveau traitement pour les
troubles mentaux caractérisés par des troubles sociaux.
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