Frontiers in Neuroendocrinology 32 (2011) 426-450

Contents lists available at SciVerse ScienceDirect

= s
Frontiers in
Neuroendocrinology

Frontiers in Neuroendocrinology ;;.%
journal homepage: www.elsevier.com/locate/yfrne s

Review

Prosocial effects of oxytocin and clinical evidence for its therapeutic potential

Nadine Striepens?, Keith M. Kendrick?, Wolfgang Maier ¢, René Hurlemann **

2 Department of Psychiatry, University of Bonn, 53105 Bonn, Germany

b School of Life Science & Technology, University of Electronic Science & Technology of China (UESTC), 610054 Chengdu, PR China

€ German Center for Neurodegenerative Diseases (DZNE), 53175 Bonn, Germany

ARTICLE INFO ABSTRACT

Article history:
Available online 23 July 2011

Keywords:

Empathy

Oxytocin
Reinforcement learning
Psychiatric disorders
Social

Treatment

There has been unprecedented interest in the prosocial effects of the neuropeptide oxytocin in humans
over the last decade. A range of studies has demonstrated correlations between basal oxytocin levels and
the strength of social and bonding behaviors both in healthy individuals and in those suffering from psy-
chiatric disorders. Mounting evidence suggests associations between polymorphisms in the oxytocin
receptor gene and prosocial behaviors and there may also be important epigenetic effects. Many studies
have now reported a plethora of prosocial effects of intranasal application of oxytocin, including the
domains of trust, generosity, socially reinforced learning, and emotional empathy. The main focus of this
review will be to summarize human preclinical work and particularly the rapidly growing number of
clinical studies which have identified important links between oxytocin and a wide range of psychiatric

disorders, and have now started to directly assess its therapeutic potential.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

The past decade has witnessed many advances in our under-
standing of the multifaceted role of the neuropeptide oxytocin
(OXT) in the human social brain, building upon the findings re-
ported over a period of 25 years in animal species such as rodents
and sheep. From an evolutionary point of view OXT in one form or
another (isotocin, mesotocin or oxytocin) is present in an extensive
range of species from reptiles to primates, as one might expect if it
plays a key role in the control of social and reproductive behaviors
[116]. Both preclinical and clinical studies in humans have
generated unprecedented interest in the therapeutic use of OXT
in social and affective disorders and this review will summarize
this body of work.

1.1. Key effects on social behavior in animals

In mammals OXT is synthesized from its precursor neurophy-
sin-1 and is present as a small nine amino acid peptide [224] with
one current known receptor (OXTR) which is a classic seven
transmembrane domain polypeptide of the rhodopsin-type class
1 G-protein coupled receptor family [103]. Oxytocin is primarily
synthesized in the magnocellular neurons of the paraventricular
(PVN) and supraoptic nuclei (SON) of the hypothalamus which
project to the posterior pituitary and are responsible for its release
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into the peripheral venous bloodstream. There are, however, also
parvocellular OXT-containing neurons in the PVN which rather
than projecting to the pituitary project to a variety of brain regions
including other hypothalamic regions, the cortex and limbic sys-
tem. Originally it was thought that only these parvocellular OXT
neurons were responsible for release of the peptide within the
brain and this raised serious questions about the relevance of mea-
suring its concentrations in the blood as an accurate reflection of
brain release. However, subsequently it has been shown that den-
dritic release of OXT from the magnocellular neurons also contrib-
utes to brain release and particularly to concentrations found in
the cerebrospinal fluid (CSF) [131]. Thus, there is a greater confi-
dence in concluding that altered blood, saliva or urine concentra-
tions of the peptide may reflect similar altered brain release
although some caution must still be maintained here since release
profiles in the brain do not always mirror those in the blood [5].
Initial findings in sheep that OXT was released within the brain
as well as into the blood via the posterior pituitary while animals
gave birth and suckled [98], followed by demonstrations that this
brain release promoted both maternal responses and formation
of attachment bonds with offspring [97], sparked off interest in
the dual role of this peptide in promoting social bonds via its action
within the brain as well as its peripheral hormonal actions in pro-
moting uterine contractions and milk ejection. A large amount of
work in voles, in particular, has also shown its key importance in
promoting partner bonds following mating, and work in a variety
of species has implicated the peptide in facilitating olfactory based
social recognition memory and as a potent anxiolytic (see [168]).
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Social bonds and emotions: OXT and social bonds.
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Authors Subjects OXT Dose Main Finding Study Design
Buchheim et al. 26 M 241U OXT increased attachment in individuals having an insecure attachment Double-blind, placebo-controlled,
2009 [23] intranasally phenotype within-subjects design
Feldman et al. 62F no OXT OXT plasma levels in the early pregnancy and the postpartum periods were Between-subjects design
2007 [55] treatment related to maternal bonding behaviors
Gonzaga et al. 63 M, no OXT Nonverbal display of romantic love was related to increased plasma OXT levels Between-subjects design
2006 [69] 63 F treatment
Seltzer et al. 2010 61 F, 61 no OXT Children receiving vocal and non-verbal contact with their mothers showed the Between-subjects design
[178] girls treatment highest plasma levels of OXT
Strathearn et al. 30F no OXT Plasma OXT response to infant contact at 7 months was higher in mothers with  Between-subjects design
2009 [190] treatment secure attachment and correlated with brain activation in hypothalamus/
pituitary region
Taylor et al. 2010 32 M, no OXT Increased plasma OXT was associated with distress in the pair-bond Between-subjects design
[195] 53 F treatment relationship for women, but not for men
Turner et al. 1999 25F no OXT Plasma OXT levels during sadness were correlated with lower anxiety in close Between-subjects design
[203] treatment relationships. Women in a couple relationship showed greater increases in OXT
in response to positive emotion and higher basal levels of OXT were associated
with greater interpersonal distress
Table 2

Social Bonds and emotions: OXT effects on trust, generosity and altruism in economic contexts.

Authors Subjects OXT Dose Main Finding Study Design
Baumgartner et al. 2008 [15] 49 M 241U Subjects receiving OXT maintain their trusting behavior after Double-blind, placebo-controlled,
intranasally betrayal, individuals receiving placebo respond to betrayal witha between-subjects design
decrease in trust
De Dreu et al. 2010 [35] 49 M 241U OXT promotes in-group trust, cooperation and defense, but not =~ Double-blind, placebo-controlled,
intranasally offensive, aggression toward competing out-groups between-subjects design
Declerck et al. 2010 [36] 119 M, 241U OXT increased cooperative behavior when a social cue was Double-blind, placebo-controlled,
140 F intranasally present but not when a non-social cue was used crossover-design
Israel et al. 2009 [93] 101 M, no OXT OXTR alleles rs1042778, rs2268490, rs237887 were associated Between-subjects design
102 F treatment with altruism (dictator game and in a social values orientation
task)
Kosfeld et al. 2005 [107] 128 M(TG'), 241U OXT increased willingness to trust other people but did not Double-blind, placebo-controlled,
66 M(RG?) intranasally increase trust towards impersonal things : “a project” for between-subjects design
example
Zak et al. 2004 [220] 82M/F no OXT Plasma OXT levels increased in response to a social signal of trust  Double-blind, placebo-controlled,
treatment and were related to trustworthy behavior between-subjects design
Zak et al. 2005 [221] 78 M, 78 F no OXT Plasma OXT levels increased in a situation where there was a Double-blind, placebo-controlled,
treatment social intention of trust and were associated with between-subjects design
trustworthiness/ trustworthy behavior
Zak et al. 2007 [222] 68 M 401U OXT increased generosity by 80% but had no effect on altruism  Double-blind, placebo-controlled,
intranasally between-subjects design

T TG trust game.
2 RG risk game.

Mice lacking functional expression of either OXT or OXTR (see
[124]) show impaired social but not non-social recognition mem-
ory and have elevated levels of anxiety.

Work in animal species has established that OXT is a potent
neuromodulator within the brain and many of its actions on so-
cial behavior appear to be produced via modulation of neuro-
transmitter signaling in a variety of different brain regions. It
has also been established that there are OXT autoreceptors within
the PVN whereby the peptide can act to potentiate its own re-
lease (see [96]). To date the brain distribution of the OXTR has
only been extensively mapped in rodents [218] and sheep [21]
and a major drawback as far as human-based research is con-
cerned is that none of the current receptor ligands which have
been successfully used in brain autoradiographic studies in ro-
dents appear to work in the brains of sheep, monkeys or humans.
It is possible to use in situ hybridization histochemistry, ribop-
robe (RNA probes) or polymerase chain reaction (PCR) methods
to measure OXTR messenger RNA (mRNA), but so far they have
only been employed to do this in rats [218] and sheep [21]. While
there appear to be similar receptor distributions in rodents and
sheep, and we can probably assume that it will be the same in
monkeys and humans, the absence of a receptor-mapping study
in humans remains an issue that definitely needs to be resolved.

It also currently rules out the use of positron emission tomogra-
phy (PET) approaches to study altered receptor expression in
different experimental situations or in humans with specific
polymorphisms in the OXTR which are associated with various
psychiatric, social or affective disorders. This is particularly
important in view of a key finding from studies in voles and other
rodents showing that the pattern of OXTR expression is different
in social compared with asocial species, most notably in terms of
higher expression occurring in brain reward areas, such as the
nucleus accumbens, and the frontal cortex in social species
[124]. Differential levels of social bonding behavior within the
same vole species have also been correlated with expression lev-
els of OXTR in the nucleus accumbens [165]. It is assumed that
these different patterns of OXTR expression are influenced by
specific polymorphisms in the same was as they have been
shown to be for the V1a vasopressin receptor [124] although this
has yet to be confirmed. Epigenetic factors may also play an
important role since the OXTR has been found to have a CpG is-
land in its promoter and the methylation status of this can influ-
ence expression levels [102].

An important observation from brain OXTR mapping and OXT
immunocytochemical studies in rodents and sheep is that cells
expressing the receptor appear to be present in a wider range of
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Table 3
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Social bonds and emotions: OXT effects on trust and social interaction in other contexts.

Authors Subjects OXT Dose Main Finding Study Design

Alvares et al. 37M, 241U OXT increased desire to play a cyberball game again with virtual partners after Double-blind, placebo-controlled,
2010 [4] 37F intranasally  ostracism but had no effect on negative affective and attachment-related between-subjects design

reactions after social rejection

Guastella et al. 69 M 241U OXT lightly increased trustworthiness to happy faces Double-blind, placebo-controlled,
2008 [78] intranasally crossover-design

Mikolajczak et al. 60 M 321U OXT increased trust in a trust game but did not facilitate behavior when the Double-blind, placebo-controlled,
2010 [144] intranasally  partner was untrustworthy between-subjects design

Mikolajczak et al. 60 M 321U OXT increased trust behavior where subject$ privacy was at stake Double-blind, placebo-controlled,
2010 [145] intranasally between-subjects design

Theodoridou et al. 48 M, 241U OXT increased facial trustworthiness and attractiveness in both sexes Single blind, placebo-controlled,
2009 [196] 48 F intranasally crossover design

Table 4

Social bonds and emotions: OXT effects on empathy.

Authors Subjects OXT Dose Main Finding Study Design
Barraza & Zak 2009 [12] 70 M, no OXT OXT plasma levels increased viewing an emotional video and after Double-blind, placebo-controlled,
75 F treatment empathic responses were experienced between-subjects design
Bartz et al. 2010 [14] 27M 241U OXT improved cognitive empathy in less socially proficient Double-blind, placebo-controlled,
intranasally individuals but not in good socially proficient individuals between-subjects design
Domes et al. 2007 [45] 30M 241U OXT improved cognitive empathy measured by ‘Reading the mind in  Double-blind, placebo-controlled,
intranasally the Eyes Test (RMET) within-subjects design
Hurlemann et al. 2010 [92] 24 M 241U OXT increased emotional but not cognitive empathy. Double-blind, placebo-controlled,
intranasally between-subjects design
Rodrigues et al. 2009 [163] 79 M, no OXT OXTR allele rs53576 was associated with lower empathy abilities Between-subjects design
113 F treatment
Shamay-Tsoory et al. 2009 26 M, 241U OXT increased envy ratings in unequal monetary gain conditions Double-blind, placebo-controlled,
[180] 33 F intranasally involving relative loss. OXT also increased the ratings of gloating in ~ within-subjects design
relative gain conditions but had no effect on emotional or general
mood ratings
Singer et al. 2008 [185] 20M 321U OXT reduced amygdala activation elicited by the anticipation and Double-blind, placebo-controlled,

intranasally

receipt of painful stimulation to their hand, no OXT effect increasing
empathy when the participant observed their female partner receive

between-subjects design

painful stimulation

brain regions than those found to express OXT-containing termi-
nals. While this may reflect technical limitations it does seem pos-
sible that OXTR-expressing cells are present in regions where OXT
itself is not released from nerve terminals. OXT-containing neurons
and terminals in the PVN are very close to the third ventricle and
OXT concentrations in the CSF during birth, for example, are actu-
ally as high, or even higher, than those found in peripheral blood.
The half-life of OXT in CSF is also much longer than in blood (see
[96]). This has led to the hypothesis that one of the key modes of
action for OXT is paracrine whereby it enters the cerebroventricles
following release from the PVN and is rapidly distributed via ven-
tricular transport to act in a long-lasting and coordinated way on
OXTRs across the brain. It could also ensure prolonged activation
of the PVN parvocellular OXT neurons which are closest to the
third ventricle through their autoreceptors. In this way OXT could
act on its receptors over a period outlasting the key physiological
events promoting its release, such as birth and sex, and contribute
to the formation of subsequent social bonds. Indeed, in sheep high
OXT concentrations in CSF are present for up to several hours after
they give birth and the formation of resilient bonds with their off-
spring usually take 1-2 h [96].

1.2. Human preclinical and clinical findings

We will now review the large number of recent human preclin-
ical and clinical studies reporting altered OXT release profiles, links
between OXTR polymorphisms and social behavior or affective dis-
orders and functional/therapeutic effects of intranasal OXT treat-
ments. We will discuss the implications of these findings
together with the key neural substrates where OXT may be acting

and which of its neuromodulatory actions may be of most
importance.

1.2.1. Administration routes for OXT in humans

Investigations into the potential functional effects of OXT in hu-
mans were initially hampered by the knowledge that animal-based
work had revealed that following intravenous injections of the
peptide only around 0.01% crossed the blood-brain barrier [98]
and that the most convincing studies of functional effects had
therefore used intracerebroventricular or intracerebral administra-
tion routes which could not easily be done in humans. However,
work showing that a number of peptides enter the brain in high
concentrations following an intranasal spray administration [20]
has opened the way for a number of both preclinical and clinical
studies investigating its functional and potential therapeutic ef-
fects. This mode of administration allows small molecules to enter
the brain ventricular system quite rapidly since the blood-brain
barrier at the base of the nose is relatively weak. However, the
extensive vascularization in the nose means that substances also
enter the peripheral blood in high concentrations and so potential
side effects of such elevated peripheral OXT concentrations need to
be considered. One possible way forward in the future to reduce
such peripheral dosing effects may be to combine intranasal pep-
tide treatments with routine vasoconstrictor drugs such as phenyl-
ephrine. Indeed, a study in rats has shown that by using this
experimental strategy peripheral concentrations of peptides fol-
lowing intranasal administration can be significantly reduced
without affecting those in CSF [40].

While no study has yet carried out a systematic evaluation of
the dose-response and clearance of OXT from the CSF and blood
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Authors Subjects OXT Dose Main Finding Study Design
Ditzen et al. 2009 [42] 23 M, 401U OXT increased positive communication during couple conflict and Double-blind, placebo-controlled,
23F intranasally reduced salivary cortisol level between-subjects design
Heinrichs et al. 2003 [81] 37M, 241U OXT reduced salivary cortisol levels; lowest cortisol levels were observed Double-blind, placebo-controlled,
37F intranasally when OXT was combined with social support and it had an anxiolytic between-subjects design
effect
Kubzansky et al. 2009 [111] 40 M, 241U OXT reduced stress response (blood pressure, cardiovascular response), Double-blind, placebo-controlled,
40 F intranasally  OXT plus social support reduced stress response even more but more in  between-subjects design
women than in men. The OXT effect was not affected by age
Light et al. 2005 [122] 59 F no OXT Increased plasma OXT and reduced blood pressure in post-menopausal Between-subjects design
treatment women following hugs from their partners
Pierrehumbert et al. 25 M, no OXT Tendency towards significant positive correlation between OXT plasma Between-subjects design
2010 [156] 26 F treatment level and perceived stress during a psychosocial stress task in adults
exposed to traumatic experience during childhood or adolescence
Quirin et al. 2011 [160] 36 M 241U OXT reduced cortisol response to stress in individuals with impaired Double-blind, placebo-controlled,
intranasally emotional regulation abilities but not in those with high emotional between-subjects design
regulation abilities
Sanders et al. 1990 [169] 20 M, no OXT OXT plasma levels increased after uncontrollable noise as a measure of =~ Between-subjects design
20F treatment psychological stress in high emotionality women but not in men
Taylor et al. 2006 [194] 73 F no OXT Plasma OXT levels correlated with relationship stress and elevated Between-subjects design
treatment cortisol
Tops et al. 2007 [201] 80 F no OXT Positive correlation between OXT plasma levels and attachment scores Double-blind, placebo-controlled,
treatment and cortisol levels within-subjects design (cortisol

vs. placebo)

following intranasal treatment, a related peptide, arginine-vaso-
pressin, which has also been reported to produce social effects,
has been studied [20]. Vasopressin concentrations are increased
in both CSF and blood over a period of at least 90 min following
intranasal administration, which mirrors the OXT release profile
seen in animals following events such as birth [98]. Most studies
reporting intranasal effects of OXT have used doses of 241U
[132] although the lowest dose of vasopressin used in the Born
et al. [20] study was 40 IU. Assuming similar penetration of the
blood-brain barrier by OXT as with vasopressin an extrapolation
from the Born et al. [20] study would give an estimate of maximum
CSF and plasma concentrations of OXT being in the region of 10 pg/
ml (a 5-10-fold increase over basal concentrations), but this obvi-
ously needs to be experimentally confirmed.

2. Preclinical findings

Numerous preclinical studies have investigated the importance
of OXT on a range of human social, cognitive and emotional behav-
iors and these are summarized in Tables 1-8.

Table 6
OXT and amygdala responses to fear-evoking faces.

2.1. Social bonds and emotions

A number of studies have focused on oxytocinergic modulation
of the strength of social bonds and social emotions such as trust,
generosity, altruism, and empathy. Many of the studies on social
emotions have used paradigms incorporating a social context into
monetary-based tasks although a number, particularly in relation
to empathy, have used face stimuli or experimental situations
depicting other individuals in different emotional contexts.

2.1.1. OXT and social bonds

Several studies have reported correlations between blood oxy-
tocin levels and the strength of social bonds, particularly in the
relation to mother-child [55] and romantic relationships [69]. A
recent study has found that blood OXT concentrations can be ele-
vated by vocal social communication between mothers and their
daughters [178]. There are also a number of studies reporting al-
tered blood OXT concentrations correlated with distressed pair-
bonding relationships [195,203]. A functional magnetic resonance
imaging (fMRI) study on 30 first-time new mothers found that
when they viewed their own infant’s smiling and crying faces the
mothers with secure attachment (as assessed by an attachment

Authors Subjects OXT Dose Main Finding Study Design
Domes et al. 2007 [44] 13M 241U OXT reduced amygdala response to fearful, angry and Double-blind, placebo-controlled,
intranasally happy faces within-subjects design
Domes et al. 2010 [46] 16 F 241U OXT enhanced activity in amygdala, fusiform gyrus and Double-blind, placebo-controlled,
intranasally  superior temporal gyrus in response to fearful but not to angry, within-subjects design
happy or neutral facial expressions
Gamer et al. 2010 [64] 46 M 241U OXT treatment reduced activation of amygdala for fearful faces and  Double-blind, placebo-controlled,
intranasally enhanced activation to happy faces. OXT treatment increased gazes crossover-design
directed at eye region
Kirsch et al. 2005 [104] 15M 271U OXT reduced activation of the amygdala by fear-induced social Double-blind, placebo-controlled,
intranasally stimuli and reduced coupling of the amygdala to brainstem regions crossover-design
implicated in autonomic and behavioral manifestations of fear
Petrovic et al. 2008 [155] 30M 321U OXT reduced affective evaluations of conditioned faces and amygdala Double-blind, placebo-controlled
intranasally activity crossover design
Tost et al. 2010 [202] 103 M, no OXT OXTR allele rs53576 was associated with reduced amygdala Between-subjects design
109 F treatment responses to emotional faces
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interview) had greater activation of the ventral striatum and hypo-
thalamus [190]. The increase in plasma OXT levels in response to
infant contact at 7 months was also higher in secure mothers and
positively correlated with neural activity in both regions. On the
other hand insecure/dismissing mothers had greater activation of
the insular cortex in response to their own infant’s sad faces. These
results suggest the same link between OXT and dopaminergic brain
reward centers such as the ventral striatum as was identified in
animal studies, although this has yet to be demonstrated directly
in humans. One study has investigated the effects of a single dose
of intranasal OXT in male subjects assessed for attachment security
using the ‘Adult Attachment Projective Picture System (AAP)’ [23].
This found a significant increase in attachment security scores in
individuals identified by the AAP as having an insecure attachment
phenotype.

2.1.2. OXT effects on trust, generosity and altruism in neuroeconomic
contexts

Several studies have utilized economic paradigms to demon-
strate effects of OXT on increasing trust in others. Kosfeld et al.
[107] investigated the effect of exogenous intranasal administra-
tion of 24 IU OXT on trustfulness. In an interactive trust game male
subjects were given a sum of money and had to decide whether to
transfer money to an account of a trustee and the sum was then
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trebled. The trustee then had the option to either share the earn-
ings with the subject or keep all the money for himself. Trusting
the other player could lead to richer payoffs for both individuals,
but the investor risks that the trustee violated the trust. OXT in-
creased people’s willingness to trust each other, but did not mod-
ulate behavior when the subject was asked to transfer money into
the account of ‘a project’ which clearly lacks an immediate social
context. In related neuroeconomic experiments, Zak et al.
[220,221] also found that OXT increases the feeling of trust. In their
trust game paradigm an investor awarded a sum of money (be-
tween $1 and $10) to a trustee that was subsequently tripled by
the experimenter. The trustee then had the option to return some
portion of the money to the investor. In a control condition, the
amount awarded to the trustee was decided by a random computer
draw. Here, plasma OXT levels in the trustee were significantly
higher in the experimental compared to the control condition. This
suggests that the trustees’ OXT levels were responsive to the inten-
tion of trust rather than to the receipt of money per se. The amount
returned to the investor (a measure of trustworthiness) was signif-
icantly correlated with OXT levels for experimental but not control
participants [221]. However, in a subsequent study Singer et al.
[185] found no OXT effect in the same trust game. Baumgartner
et al. [15] observed that OXT modulates social interactions
after trust has been violated. After intranasal OXT or placebo

Study Design

OXT treatment reduced misclassification of positive faces but had no
effect on accuracy of facial expression recognition. No OXT effect on
general memory for faces or on subjective rating of mood and anxiety
OXT treatment reduced activation of the amygdala by social stimuli,

OXT increased accuracy of recognition of fearful faces but had no
OXT increased number of fixations and total gaze time toward the eye

OXT had no effect on response time to angry or happy schematic faces
or gaze time toward angry or happy schematic faces or on early

OXT enhanced recognition of positive faces in both sexes but had no

OXT attenuated accuracy of neutral and angry faces but had no effect

Table 7
Social recognition and learning and memory-related effects: OXT and face emotion recognition.
Authors Subjects OXT Dose Main Finding
DiSimplicio et al. 2009 [41] 29 M 241U
intranasally
Domes et al. 2007 [44] 30M 241U
intranasally regardless of valence
Evans et al. 2010 [50] 18M 241U OXT decreased aversion to angry faces
intranasally
Fischer-Shofty et al. 2010 27M 241U
[57] intranasally effect on other emotions or on reaction time
Guastella et al. 2008 [77] 52 M 241U
intranasally region of neutral human faces
Guastella et al. 2009 [74] 71 M, 241U
33F intranasally
perceptual detection of threat
Marsh et al. 2010 [136] 29 M, 241U
21F intranasally effect on reaction times
Savaskan et al. 2008 [171] 18 M, 201U
18 F intranasally on happy faces, no gender effect

Double-blind, placebo-controlled,
within-subjects design

Double-blind, placebo-controlled,
within-subjects design
Double-blind, placebo-controlled,
crossover-design

Double-blind, placebo-controlled
crossover design

Double-blind, placebo-controlled,
crossover-design

Double-blind, placebo-controlled,
crossover-design

Double-blind, placebo-controlled,
between-subjects design
Single-blind, placebo-controlled,
crossover design

Table 8

Social recognition and learning and memory-related effects:

OXT effects on storage and retrieval.

Authors Subjects OXT Dose Main Finding Study Design
Bruins et al. 1992 [22] 21M 201U OXT reduced initial and rate of memory storage but had no overall  Double-blind placebo-controlled,
intranasally  effect on short and long-term storage, delayed recall or recognition  between-subjects design
Fehm-Wolfsdorf et al. 20M 101U OXT had no effect on free recall after 1 week Double-blind, placebo-controlled,
1984 [52] intranasally between-subjects design
Fehm-Wolfsdorf et al. 30M 241U OXT had no effect on learning or long-term recall Double-blind, placebo-controlled,
1988 [51] intranasally between-subjects design
Ferrier et al. 1980 [56] 4M, 2F 151U for OXT had no effect on free recall of four-letter nonsense words or Double-blind, placebo-controlled,
3 days recognition of pictures of faces between-subjects design
Geenen et al. 1988 [65] 20M 3780 mIU OXT had no effect on immediate or delayed recall (after 20 min) Double-blind, placebo-controlled,
iv. between-subjects design
Heinrichs et al. 2004 [82] 38M 241U OXT reduced recall performance and overall generation of associated Double-blind, placebo-controlled,
intranasally ~ target words but had no effect for neutral words between-subjects design
Hurlemann et al. 2010 [92] 24 M 241U OXT also enhanced learning using social (smiling and angry faces) Double-blind, placebo-controlled,
intranasally  but not non-social feedback. between-subjects design
Kennett et al. 1982 [99] 12 F not OXT reduced delayed recall but had no effect on learning Double-blind, placebo-controlled,
mentioned between-subjects design
Rimmele et al. 2009 [162] 44 F 241U OXT enhanced recognition memory for faces regardless of facial Double-blind, placebo-controlled,
intranasally ~ expression but not on either recollection or recognition between-subjects design
Unkelbach et al. 2008 [205] 44 M 241U OXT improved recognition and categorization speed for positive sex Double-blind, placebo controlled

intranasally

and relationship words but not for other word categories

between-subjects design
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administration participants acted as investors in multiple rounds
of a trust game with different trustees and an fMRI scan was car-
ried out. In order to investigate the role of OXT following breaches
of trust, the experiment was divided into a pre-feedback and post-
feedback phase. In between the two phases, participants received
feedback information indicating that roughly 50% of their decisions
had resulted in poor investments—that is, their trust had been
breached (trust game) or their gamble did not pay off (risk game).
As expected, participants in the placebo group decreased their
expression of trust (measured as amount of money invested) after
discovering that their prior displays of trust had been violated; pla-
cebo-treated participants shared less in the trust game during the
post-feedback phase compared with the pre-feedback phase. In
contrast, participants treated with OXT maintained their prosocial
behavior of sharing in the trust game, irrespective of breaches of
trust. This behavioral difference in the post-feedback trust game
was associated with less activation in amygdala, midbrain, and
dorsal striatum in subjects treated with OXT. The authors sug-
gested that OXTs effect on trust is modulated by neural systems
mediating fear processing (amygdala and midbrain regions) and
behavioral adaptations to feedback information (dorsal striatum).
Importantly, these behavioral and neural differences were appar-
ent during the trust game, but not during the risk game, further
suggesting that the effect of OXT is exclusive to social risks. Similar
to the trust game Zak et al. [222] investigated the effect of OXT on
generosity using the ultimatum and dictator games. These two
games are similar in nature in that an initial decision maker
(DM1) is endowed with $10, to be split, in turn with a second
player (DM2). In the simpler dictator game DM2 must accept any
offer, whereas in the ultimatum game DM2 can reject offers below
a pre-specified minimum. These rejections, though costly to DM2,
punish DM1 since both players lose the money in this round.
Therefore, in the ultimatum game, DMis decision comes with an
implicit awareness of DM2s capacity to judge and reject stingy of-
fers, whereas in the dictator game, DM{s decision is not influenced
by DM2s implicit expectations and emotional response. These dif-
ferences allow experimenters to distinguish between the broader
category of altruism (giving at a cost to oneself, as assayed in both
games) and a subset of altruism called generosity (giving more
than the receiver expects, as assayed only in the ultimatum game).
In these games, generosity is defined as offers greater than the
average of the minimal acceptable amount. OXT boosted generos-
ity by 80% in the ultimatum game compared to placebo. By con-
trast, in the dictator game OXT had no effect on unilateral
monetary transfers, thereby dissociating generosity from altruism
effects. A recent study has also found a significant association be-
tween three single nucleotide polymorphism (SNP) alleles in the
OXTR gene (rs1042778, rs2268490 and rs237887) and perfor-
mance in the dictator game as well as in another related monetary
paradigm, the social values orientation task [93].

Human altruism is shaped by parochialism - a preference for
favoring the members of one’s ethnic, racial or language group.
De Dreu et al. [35] investigated the OXT effect on parochial altru-
ism. Subjects were assigned into groups of three and told that an-
other group of three would be playing at the same time. Each
individual received €10 and had to select one from several options
for distributing the money. Subjects receiving intranasal OXT treat-
ment behaved more altruistically towards members of their own
group, keeping less money for themselves and donating about
twice as much to a pool that benefited all members of their own
group. In the other experiment groups of three faced the possibility
of a substantial financial loss to their group if the other group
decided not to cooperate with their group by giving them money.
While this threat did not influence individuals who received pla-
cebo, subjects who were administered OXT displayed more defen-
sive aggression toward outsiders, pre-emptively punishing

members of a competing out-group when their own group was
in danger of suffering a financial loss. Another recently published
investigation also highlights the pro-cooperative effects of OXT
[36]. In this study, 259 participants took part in two economic
games, the coordination game and the prisoner’s dilemma game.
In presence of social information (a brief face to face contact with
the interacting party prior to the exchange) intranasal OXT treat-
ment enhanced cooperative behavior whereas when no social
information was given OXT treatment actually reduced it. The
authors therefore suggested that social information may be re-
quired in order for OXT to facilitate both trust and cooperation.

2.1.3. OXT effects on trust and social interaction in other contexts

Intranasal OXT treatment has also been reported to increase
trust when instead of money subjects’ privacy (i.e. confidential
information about them) was at stake [145]. Theodoridou et al.
[196] found that both male and female participants judged neutral
expression faces of either men or women as more trustworthy and
attractive after OXT application. Guastella et al. [78] and Mikolajc-
zak et al. [144] have reported that OXT-treated individuals tended
to rate happy faces as more trustworthy than placebo-treated indi-
viduals. According to their findings, breaches of trust not only have
a profound impact on social behavior, but could also act as a pre-
cursor to anxiety disorders such as social phobia. Future research
we suggest should investigate how different types of feedback
may modulate oxytocinergic effects. The interaction of betrayal,
trust and OXT may be modulated by the valence of feedback (posi-
tive or negative), the response rate, the extent of betrayal, and so-
cial expectations of feedback (loved person vs. foe/contender).
Recently, Alvares et al. [4] investigated whether OXT ameliorated
the acute behavioral and affective consequences of social rejection
by using a virtual ball tossing game. Two cartoon icons - represent-
ing two virtual players - toss the ball back and forth to each other
and the subject. Subjects were either included or ostracized
(thrown twice initially and then ignored). Ostracized subjects re-
ported negative affective and attachment-related reactions, as well
as a significant motivational change in increased desire to be in-
volved in the game; these effects were not influenced by OXT.
Intranasal OXT did, however, increase the subjects’ desire to play
again with the same players, suggesting that OXT enhanced desire
for future social engagement following social inclusion.

2.1.4. OXT effects on empathy

A key prediction is that OXT should act as an empathogen in hu-
mans. In rodents for example, prosocial effects of the empathogen-
ic drug, MDMA (‘ecstasy’) are blocked by an OXTR antagonist [197].
In one study, subjects viewing videos depicting humans in emo-
tional circumstances have been found to show elevated OXT levels
by an average of 47% over baseline compared to those who
watched an emotionally neutral video, and the magnitude of
change correlated positively with the degree of empathy experi-
enced [12]. An increase in experienced empathy was also found
to be associated with greater generosity in the ultimatum game
[222]. Domes et al. [45] investigated whether OXT application
could improve the ability to infer the mental state by interpreting
subtle social cues. In the ‘Reading the Mind in the Eyes Test
(RMETY)’, images of the eye region of faces are presented, and par-
ticipants are instructed to identify the emotion from this informa-
tion. Intranasal OXT also improved performance on this task but
only for the most difficult classifications. A recent study has also
reported a significant association between an SNP allele in the
OXTR (rs53576) and empathy as measured by performance on
the RMET [163]. Intranasal OXT application has been found to im-
prove accuracy in identifying emotions, but only in less socially
proficient healthy individuals [14]. Social competence in this latter
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study was measured with the ‘Autism spectrum Quotient (AQ)’, a
self-report instrument predicting social-cognitive performance.

In the only study to directly assess the effects of intranasal OXT
on both cognitive and emotional empathy in men, Hurlemann et al.
[92] showed that while it strongly facilitated both direct (the
intensity of feeling evoked for the person in the picture) and indi-
rect (the intensity of arousal evoked by the picture) empathy, cog-
nitive empathy (identifying the emotional state of the individual
shown) was unaffected (Fig. 1). Here OXT had equivalent effects
on positive and negative valence pictures and interestingly raised
emotional empathy in men to levels usually seen in untreated wo-
men. The lack of effect of OXT on cognitive empathy found in this
study appears to contradict the findings of Domes et al. [45] using
the RMET task and Bartz et al. [14], although these latter two stud-
ies only found effects either when face expression discriminations
were difficult or in subjects who scored low on social proficiency.
The Hurlemann et al. [92] study also chose to use pictures of indi-
viduals in different scenes where cues from face expression, body
posture and even context could all be used to interpret the emotion
expressed, whereas the other studies used only visual cues from
the eye region or faces. Thus, OXT may only improve cognitive
empathy in subjects where this is impaired or when emotion cues
are made difficult to interpret by restricting them to the eye region.
Hurlemann et al. [92] also reported that monozygotic twin women
with selective bilateral calcification damage to the amygdala as a
result of congenital Urbach-Wiethe disease were impaired on
emotional but not cognitive empathy components of the same task
as given to men receiving placebo or OXT treatment. They con-
cluded from this that OXT might be facilitating emotional empathy
by acting on the amygdala. In this respect it is interesting that an-
other study failed to find effects of OXT treatment on emotional
empathy levels experienced by male subjects observing their fe-
male partner receiving a painful stimulation to a hand [185]. Argu-
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ably the lack of an OXT effect in this case might reflect a ceiling
effect since the context is one where levels of emotional empathy
would be expected to be very high in many subjects. However,
empathy for experienced pain involves the insular cortex rather
than the amygdala and the one OXT effect that was observed in
the Singer et al. [185] study was a reduction in self-perceived pain
in more selfish individuals which was associated with reduced
amygdala activity.

In a study by Shamay-Tsoory et al. [180] subjects were required
to play a game of chance with another person who either won
more money (relative gain), lost more money (relative loss), or
won and lost equal amounts of money (equal gain). They found
that OXT-treated subjects reported more envy when another
player gained more money than they did. Furthermore, OXT in-
creased gloating when the individual gained more than the other
player. While this could be interpreted as an OXT effect on increas-
ing more negative social behaviors, Tops et al. [200] suggested an
alternative interpretation whereby this effect might be explained
as a potential consequence of the peptide increasing social engage-
ment and perspective taking.

2.2. Anxiolytic effects

There is considerable potential therapeutic interest in the
claimed anxiolytic properties of OXT and a number of preclinical
studies have investigated this either in the context of ameliorating
social stress or in reducing responses fear-evoking stimuli, partic-
ularly fearful or angry faces.

2.2.1. OXT and social stress

No general consensus has emerged regarding altered OXT re-
lease in response to stress. Sanders et al. [169] reported elevated
plasma OXT levels in response to uncontrollable noise in women,

Empathy Rating

ED-ED+ED EI- El+ El

Fig. 1. Multifaceted Empathy Test (MET) administered by Hurlemann et al. [92]. A. Presented are four example pictures taken from the MET to test for negative (left two
scenes) and positive (right two scenes) empathy valence. To assess cognitive empathy (C), participants were required to infer the mental state of the individual in each scene,
and indicated the correct one from a list of four alternatives by push-button responses. For emotional empathy, participants were required to rate on a 1-9 intensity scale of
how much they were feeling for the individual in each scene (ED) or how much they were aroused by each scene (EI). B. MET performance. (a) Cognitive empathy scores (C-
= negative valence; C+ = positive valence; C = positive and negative combined) did not differ between male subjects treated with oxytocin (OXT, n = 24) and placebo controls
(PLC; n = 24). (b) Emotional empathy ratings were increased across all categories [direct emotional empathy, negative valence (ED-), positive valence (ED+) and overall (ED);
indirect emotional empathy, negative valence (EI-), positive valence (EI+) and overall (EI)] in male subjects treated with oxytocin (OXT, n = 24) compared to placebo (PLC,
n = 24). These results document the empathogenic properties of oxytocin. Significant between-group differences: **p < 0.01, *p < 0.05.
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but not in men. Taylor et al. [194] reported that plasma OXT levels
were not associated with acute stress in post-menopausal women
although they were elevated in individuals with chronic stress or
gaps in social relationships.

In contrast, Pierrehumbert et al. [156] reported changes in plas-
ma OXT concentrations during acute psychosocial stress induced
by the ‘Trier Social Stress Test (TSST)". The TSST consists of a public
speaking and mental arithmetic performance task in front of an
audience. In this context OXT concentrations were negatively cor-
related with those of cortisol. Individuals with a life-threatening
illness also displayed increased plasma OXT levels [156]. After oral
cortisol application, Tops et al. [201] found increased plasma OXT
levels in premenopausal women. Lastly, a study has reported in-
creased plasma OXT and reduced blood pressure in post-meno-
pausal women associated with hugs from their partners [122].

Four studies to date have used intranasal OXT in an attempt to
demonstrate anxiolytic effects in healthy individuals. Heinrichs
et al. [81] compared four groups, with the between-group factors
OXT vs. placebo treatment and presence vs. absence of social sup-
port. Lowest cortisol levels together with increased calmness and
decreased anxiety during the TSST were reported for individuals
who were administered OXT plus social support, whereas the high-
est cortisol levels were measured in participants who had received
neither OXT nor social support. In another study by Quirin et al.
[160] the cortisol response was attenuated during the TSST follow-
ing intranasal OXT treatment but only in individuals with impaired
emotion regulation. Here emotion regulation was determined by
the ‘Action Control Scale (ACS)’ [112] which measures self-control
under demanding conditions. Kubanzansky et al. [111] reported
that OXT treatment improves vagal control during the TSST and
that a combination of OXT administration plus social support most
effectively reduced cardiovascular and cortisol responses to psy-
chosocial stress. The OXT effect on stress responses was stronger
in women than in men, irrespective of age (25-65 years). Finally,
intranasal OXT administration during couple conflict has been
found to reduce salivary cortisol levels regardless of gender [42].
Furthermore, the authors reported increased duration of positive
behaviors (including eye contact, interest, emotional self-disclo-
sure, validation and caring) relative to negative behaviors (criti-
cism, contempt, defense and domineering) during a conflict
discussion measured by the ‘Specific Affect Coding System (SPA-
FF)". In summary, the majority of studies conducted so far support
the view that intranasal OXT can reduce responses to social stress
although the underlying mechanisms, and the specific interactions
of OXT and cortisol, remain unclear.

2.2.2. OXT and amygdala responses to fear-evoking faces

It is well known that the human amygdala plays an important
role in processing and controlling responses to fear-eliciting stim-
uli and a number of studies have investigated the potential for OXT
treatment to reduce these. In several fMRI studies intranasal appli-
cation of OXT has been reported to reduce amygdala responses to
faces, particularly fearful ones [44,104]. Gamer et al. [64] reported
attenuated activation in lateral and dorsal regions of the anterior
amygdala for fearful faces but enhanced activity for happy expres-
sions, an effect interpreted as a shift of the processing focus toward
positive social stimuli. Intranasal OXT has also been found to de-
crease responses in anterior medial temporal and anterior cingu-
late cortices to faces that have been aversively conditioned by an
electric shock [155]. Finally, the same OXTR SNP allele that was
found to be associated with low empathy scores (rs53576) has
now also been reported to be associated with reduced amygdala
responses to emotional faces [202]. Results to date are therefore
consistent with a potential anxiolytic action of OXT in reducing
amygdala responses to fear-evoking faces as well as an enhanced
response to faces expressing positive emotions.

2.3. Social recognition and learning and memory effects

Humans routinely make various trait judgments, based on first
impressions. Although these judgments are not necessarily accu-
rate, they critically affect social outcomes. For example, angry faces
trigger automatic avoidance responses [135,199]. Given the proso-
cial effects of OXT and the consistent findings from animal studies
that it facilitates odor-based social recognition and memory for
individuals [168], a number of studies have investigated the effects
of OXT treatment on recognition and memory for individuals and
the emotions expressed by them, focusing on visual cues from
faces. Both promnestic and amnestic properties of OXT have been
investigated in social and non-social contexts.

2.3.1. OXT and face emotion recognition

Overall, findings have confirmed that OXT does facilitate accu-
racy in recognizing human facial expressions although the results
are not consistent, particularly in terms of emotional valence.
Marsh et al. [136] reported that OXT exclusively facilitated the rec-
ognition of happy faces in male and female volunteers, without
beneficial effects on angry, disgusted, fearful, sad or surprised
faces. Savaskan et al. [171] reported that the identification of angry
and neutral expression faces but not of positive ones was increased
in the OXT-treated group. In another study recognition of dynamic
fearful faces was improved, while OXT had no effect on other facial
emotions [57]. On the other hand DiSimplicio et al. [41] and Gua-
stella et al. [74] found no OXT effect on subjects’ ability to recog-
nize emotions from faces although the misclassification of
positive emotions as negative ones was decreased.

Intranasal OXT administration also diminished feelings of nega-
tivity toward faces conditioned with negative affective ratings, par-
ticularly in faces with direct gaze [155]. One explanation for the
inconclusive results could relate to differences between the types
of stimuli used. Guastella et al. [74] used schematic facial expres-
sions, whereas most other studies employed photographs of static
faces or movie clips of dynamic facial expressions of emotion. A
greater ecological validity likely reflects a more realistic interper-
sonal situation and provides a more accurate picture of the human
ability to recognize emotions conveyed by facial expressions. Fur-
thermore, the experimental focus of the various studies differed.
For example, Marsh et al. [136] examined the effect of OXT on each
of the six basic emotions separately (angry, disgusted, fearful, hap-
py, sad, and surprised), whereas Domes et al. [45] examined the
ability to accurately discriminate between emotional facial expres-
sions. Another explanation for the observed discrepancies could be
the small sample size in all studies. Moreover, only three studies
[45,74,136] included female participants.

Intranasal OXT has also been shown to increase the amount of
time subjects gaze at the eye region of faces [64,77]. As the eye re-
gion is important for identifying face emotion expressions, this ef-
fect of OXT in increasing the time subjects spend looking at the
eyes could provide a plausible explanation for improved face emo-
tion recognition. Interestingly, Guastella et al. [74] found no OXT
effect when schematic facial expressions were used, suggesting
that genuine, realistic stimuli may provide more sensitive probes
to assess the effects of OXT on face recognition.

2.3.2. OXT effects on learning and memory

In agreement with the animal literature a number of studies
have shown that intranasal OXT facilitates social recognition mem-
ory in humans, although it is currently unclear as to whether it
preferentially influences memory for faces with positive or nega-
tive face expressions, or both. Rimmele et al. [162] reported en-
hanced recognition memory for face identity in OXT-treated
subjects, regardless of the facial emotion displayed. Savasken
et al. [171] on the other hand found that OXT improved recognition



434 N. Striepens et al./Frontiers in Neuroendocrinology 32 (2011) 426-450

social

B b) (©

% Correct Responses
% Correct Responses
Reaction Time [ms]

L social ———! L— — nonsocial ————

—_
Q.
~

O Ns (0XT)
O s (oxT)
O NS (PLC)
QO s(PLC)

Reaction Time [ms]

Fig. 2. Reinforcement associative learning task (RALT) administered by Hurlemann et al. [92] A. The RALT required subjects to make push-button responses to judge the
arbitrary category membership ‘A’ or ‘B’ of 3-digit numerical items presented repeatedly on a computer screen, with visual feedback immediately following each item-
category judgment [see 143]. Neutral faces changed to happy for correct responses or to angry for incorrect responses in the social condition (S); black circles changed to
green for correct responses or to red for incorrect responses in the non-social condition (NS). Thus, knowledge of the correct or incorrect outcome of previous category
judgments for a particular item served to enhance performance over subsequent trials. At the first cycle, subjects had no knowledge of the category membership and thus
responded by guessing. B. RALT performance. (a) Percent correct responses for the non-social condition did not differ between male subjects treated with oxytocin (OXT,
n = 24) or placebo (PLC, n = 24). (b) Oxytocin increased overall performance to 27 + 8% above chance level in male subjects, compared to 20 + 8% above chance for placebo
controls in the social condition. This 7% performance gain in the social condition of the RALT documents the cognitive-enhancing potential of oxytocin. (¢) Reaction times for
the non-social condition did not differ between male subjects treated with oxytocin or placebo. (d) Reaction times for the social condition did not differ between male
subjects treated with oxytocin or placebo. Significant between-group differences: *p < 0.05.

Table 9
OXT and drugs of abuse: Alcohol.

Authors n n OXT Dose OXT  Main Findings Study Design
(patients) (controls) Level
Coiro et al. 1991 [29] 24M 0 no OXT - Found no alcohol effect on OXT plasma level Between-subjects design
treatment
Coiro et al. 1992 [28] 16 F 0 no OXT ! OXT release in response to breast stimulation was ~ Placebo-controlled, between-subjects
treatment prevented by ethanol treatment (50 ml in 110 ml  design
of whisky p.o.)
Marchesi et al. 1997 [134] 13 M IM no OXT ! Plasma OXT levels decreased in alcoholic patients Case-control study
treatment regardless of the time of abstinence
Mennella and Pepino 8F 0 no OXT ! Plasma OXT levels decreased after alcohol Placebo-controlled, within-subjects
2006 [140] treatment consumption (0,4 g alcohol/kg) in nulliparous design
women and were related to the feeling of
drunkenness
Mennella et al. 2005 [141] 17 F 0 no OXT 1 Plasma OXT levels increased after alcohol Placebo-controlled, within-subjects
treatment consumption in lactating women (0,4 g alcohol/  design
kg)
Sivukhina et al. 2006 [186] 26 M 22 M no OXT - OXT-immunoreactivity in neurons of the Case-control study
treatment paraventricular nucleus increased whereas that

in the supraoptic nucleus decreased in alcoholic
patients compared to healthy controls

memory for the identity of neutral expression faces first viewed
with either neutral or angry but not happy expressions. While
Savasken et al. [171] did not find a memory-enhancing effect of
OXT on face expression recognition per se, Guastella et al. [78] re-
ported improved memory for happy but not for neutral or angry
faces. In the Rimmele et al. [162] and Guastella et al. [78] studies
OXT was administered during the learning phase of the task

whereas Savasken et al. [171] gave it immediately after learning,
suggesting that OXT may produce facilitatory effects on learning
and consolidation.

In terms of other aspects of learning and memory, as in the ani-
mal literature, there is evidence that OXT may have both promne-
stic and amnestic effects. Several studies have used a variety of
verbal learning paradigms and produced variable results, although
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Table 10
OXT and drugs of abuse: Cocaine and opioids.

435

smoking

Authors n (patients) n OXT Dose  OXT Main Findings Study Design
(controls) Level
Coiro et al. 1991 [30] 24 M (naloxone) 0 no OXT 1 The opioid antagonist naloxone enhanced the  Within-subjects design
treatment rise in OXT during insulin induced
hypoglyemia.
Honer et al. 1986 [89] Unknown 0 no OXT - Naloxone did not affect plasma OXT levels Between-subjects design
treatment
Light et al. 2004 [123] 10 F (cocaine) 25F no OXT 1 Plasma OXT levels were decreased in women  Case-control study
treatment who had a history of cocaine exposure
compared to mothers without cocaine use in
the past
Lindow et al. 1992 [128] 9 F(morphine), 10F 9 F no OXT le Opioids inhibited maternal OXT release in the  Between-subjects design
(naloxone) treatment first stage of labor but naloxone did not affect
plasma OXT levels
Lindow et al. 1993 [127] 10 F (morphine), 10 10 F no OXT - Morphine and naloxone had no effect on Between-subjects design
F (naloxone) treatment plasma OXT levels
Lindow et al. 1998 [126] 12 F 10F no OXT - Fetal OXT production was not affected by the  Between-subjects design
treatment maternal administration of morphine in the
first stage of labor.
Lindow et al. 1999 [125] 6 F (morphine), 6 F 5F no OXT e Morphine suppressed OXT release in breast- Between-subjects design
(naloxone) treatment feeding women but naloxone had no effect on
plasma OXT levels
Shibli et al. 2001 [181] 10 F (fentanyl) 10F no OXT — Opioid agonist fentanyl did not affect plasma Between-subjects design
treatment OXT levels
Stocche et al. 2001 [187] 15 F (sufentanil) 15F no OXT ! Opioid agonist sufentanil decreased plasma Between-subjects design
treatment OXT levels in women during the first stage of
labor
Table 11
OXT and drugs of abuse: Nicotine.
Authors n n OXT Dose OXT  Main Findings Study Design
(patients)  (controls) Level
Andersen et al. 1982 [8] 10F 10F no OXT - Suckling-induced rise of plasma OXT did not Case-control study
treatment differ in smoking and non-smoking women
Blackett et al. 1983 [18] 2M 0 no OXT - No nicotine effect on plasma OXT levels in Between-subjects design
treatment women during the final weeks of pregnancy
Chaudhury et al. 1960 [25]  not not no OXT 1 OXT release after nicotine exposure Between-subjects design
mentioned mentioned treatment
Gaitan et al. 1964 [62] 29 F 0 no OXT — No nicotine effect on OXT level in women in Placebo-controlled, between-subjects
treatment the weeks of pregnancy design
Seckl et al. 1988 [177] 6 M 0 no OXT — No smoking effect on plasma OXT levels. OXT  Double-blind, placebo-controlled,
treatment levels increased after naloxone infusion plus between-subjects design

an additional complication in interpreting these findings is that
OXT was sometimes given intravenously rather than intranasally,
raising immediate questions concerning whether observed effects
are directly centrally mediated. Bruins et al. [22] reported that
intranasal OXT reduced initial storage (correctly remembered
words after first presentation) and the rate of storage (number of
trials to recall words at least once) for verbal material in healthy
young men but had no effect on long-term storage (repeated re-
trieval without failures from the learning lists) or delayed recall
(approximately 75 min later). OXT was found to decrease vigor in
this task and this was suggested to contribute to the memory
changes. Heinrichs et al. [82] also reported an amnestic effect for
recall performance when OXT was administered in healthy young
men. Using semantic word stimuli with reproduction-related vs.
neutral meaning, OXT significantly impaired the overall number
of associated target words with reproduction-related meaning.
No difference between OXT and placebo was observed for neutral
words. However, in another study OXT selectively promoted the
recognition and categorization speed of positive sex- or relation-
ship-related words [205]. OXT did not influence the decision and
latencies for any other category (safety, threat, happiness, or
sadness).

Other studies have reported no effects on learning or recall per-
formance following intravenous or intranasal administration of
OXT treatment in healthy female and male volunteers in
[51,56,65,99].

Given the importance of OXT for social as opposed to non-social
recognition memory a more appropriate approach in terms of poten-
tial effects on general memory function is to compare tasks where
there is either a social or non-social feedback component [143].
Using this approach Hurlemann et al. [92] demonstrated that intra-
nasal OXT did selectively facilitate learning in a task where three-di-
git numbers have to be assigned to one of two arbitrary categories
over a number of learning cycles where social feedback is provided
(smiling or angry faces). It had no effect, however, when non-social
feedback was given using green or red lights (Fig. 2). Interestingly,
patients with bilateral destruction of the amygdala due to Urbach-
Wiethe disease do not show evidence for a social facilitation of
learning in this same task, suggesting that OXT may be producing
its effects on promoting learning where social feedback is used via
the amygdala. This interpretation is supported by a further study
showing that the beta-noradrenergic receptor antagonist, propran-
olol, which reduces amygdala responses to emotional faces, pre-
vents social facilitation of learning in the RALT [145]. Hurlemann
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Autism spectrum disorders (ASD): OXT levels and influence of OXTR polymorphisms.

Authors n n OXT Dose OXT Main Findings Study Design
(patients)  (controls) Level
Corbett et al. 2011 8 M 0 no OXT - Drama therapy to enhance social skills did not influence =~ Within-subjects design
[31] treatment plasma OXT levels
Green et al. 2001 28 M 31 M no OXT I Plasma OXT levels were decreased in ASD patients Case-control study
[71] treatment compared to healthy controls but OXT-precursor (OXT-
X) levels were increased as was the ratio of OXT-X/OXT
Gregory etal.2009 93 M,26F 0 no OXT l Epigenetic down-regulation of the OXTR gene in ASD Genome-wide microarrays
[72] treatment and comparative genomic
hybridization
Jacob et al. 2007 45M,12F O no OXT - Association between OXTR allele rs2254298 but not Case-control study
[94] treatment rs53576 and ASD
Jansen et al. 2006 9 M, 1F 13M,1F no OXT T Increased plasma OXT levels in ASD patients Case-control study
[95] treatment
Lerer et al. 2008 128M,24 133 no OXT - OXTR alleles (rs237897, rs13316193, rs237889, Case-control study
[119] F parents treatment 1s2254298, rs2268494 associated with ASD
Modahl et al. 1998 29 M 30M no OXT ! Plasma OXT levels were reduced in autistic children Case-control study
[148] treatment compared to healthy controls
Wermter et al. 95M,5F 100 no OXT - OXTR allele rs2270465 associated with ASD Case-control study
2010 [213] parents treatment
Wu et al. 2005 174M,21 195 no OXT - Association between OXTR alleles rs2254298, rs53576 Case-control study
[216] F parents treatment and ASD
Table 13
Autism spectrum disorders (ASD): OXT treatment.
Authors n n OXT Dose OXT Main Findings Study Design
(patients)  (controls) Level
Andari et al. 11M,2F 11M,2F 241U intranasally ! Basal plasma OXT levels in autistic patients Double-blind, placebo-
2010 [7] were reduced compared to healthy controls. controlled, within-subjects
OXT treatment increased time patients spent design
gazing at the eye region of faces; enhanced
appropriate social behavior and affect and
feelings of trust
Fein et al. 1997 478 0 i.v. OXT administration - No association between exogenous exposure of ~Between-subjects design
[54] children during labor OXT to mothers during labor and ASD in their
children
Gale et al. 2003 41M 25M i.v. OXT administration - No association between labor induction using  Case-control study
[63] during labor OXT treatment and development of ASD
Guastella et al. 8M 8M 241U intranasally - OXT treatment improved emotion recognition = Double-blind, placebo-
2010 [75] in autistic patients controlled, cross-over
design
Hollander et al. 14M,1F 0 101U iv. - OXT treatment reduced repetitive behaviors in  Double-blind, placebo-
2003 [87] autistic patients controlled, cross-over study
Hollander et al. 14M,1F O 101U i.v. - OXT treatment enhanced processing and Double-blind, placebo-
2007 [86] retention of social information in affective controlled, cross-over

speech in autistic patients design

et al. [92] therefore suggest, mainly on the basis of animal studies,
that OXT may enhance learning in combination with positive proso-
cial components but aid forgetting when aversive or stressful stimuli
are involved. The well-known fact that women appear to rapidly for-
get the pain of giving birth is also perhaps suggestive of the amnestic
properties of OXT in aversive contexts, although this has still to be
established experimentally. It may for example inhibit acquisition
and/or consolidation of aversive experience during labor. Future re-
search is urgently needed to disentangle OXT effects on various
forms of memory as a function of the emotional salience of the learn-
ing material since this may be of particular significance in treatment
of affective disorders such as post-traumatic stress disorder (PTSD).

3. Clinical findings

An increasing number of clinical studies are being published
investigating potential therapeutic effects of intranasal OXT and
associations between disorders and polymorphisms in the OXTR
or altered epigenetic modulation of its expression. These studies
are summarized in Tables 9-19, although it must be emphasized
that many of them involve small numbers of patients and are sim-

ply correlative. Going forward it is important that future research
involves sufficient patient numbers and employs experimental de-
signs that rigorously test OXT’s therapeutic potential.

3.1. Drugs of abuse

While OXT’s primary mode of action is thought to promote
reward associations with social behaviors such as bonding,
there is no compelling current evidence that it produces any
feelings of euphoria and is unlikely in itself to have any addic-
tive properties per se. Indeed, human subjects given OXT intra-
nasal spray do not report any conscious feelings of euphoria
and are unable to determine accurately whether they have re-
ceived OXT or placebo treatment [92,132]. However, there are
some important links and interactions between OXT and sub-
stances of abuse.

3.1.1. OXT and alcohol dependence

Alcohol, which induces neurochemical changes in various brain
regions, in particular on GABAergic, glutamatergic, cholinergic,
serotonergic and catecholaminergic neuronal projection areas
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Table 14
OXT and mood disorders.
Authors n n OXT Dose  OXT Main Findings Study Design
(patients) (controls) Level
Bell et al. 2006 [17] 13M,23 0 no OXT - Plasma OXT levels correlated with temperament dimension of Between-subjects design
F treatment reward dependence, novelty seeking and harm avoidance in
patients with major depression
Cyranowski et al. 7F 17M, 17  no OXT T Plasma OXT levels were increased in depressive patients Case-control study
2008 [34] F treatment compared to controls when they remembered a past experience of
a strong feeling of love or infatuation
Devanand et al. 18M,37 O no OXT - No correlation between plasma OXT level and clinical response to  Between subjecct design
1998 [39] F treatment ECT, but there was an inverse trend-level association between
OXT levels and clinical response
Griffiths et al. 1989 1F 0 no OXT T OXT levels increased immediately after ECT and returned to Case report
[73] treatment baseline 240 min after ECT in a pregnant women
Linkowski et al. 5M,3F 8M,4F no OXT 1 CSF neurophysin II levels were significantly higher in bipolar Case-control study
1984 [129] treatment patients compared to controls
Linkowski et al. 4M,4F 8M,4F no OXT - CSF neurophysin II levels did not differ between unipolar patients Case-control study
1984 [129] treatment and healthy controls
Meynen et al. 2007 9 M/F 9 M/F no OXT - OXT brain mRNA expression did not differ between depressed Case-control study
[142] treatment patients and controls
Ozsoy et al. 2009 10M, 30 12M,20 no OXT le Plasma OXT levels were decreased in female, but not male, Case-control study
[153] F F treatment unipolar and bipolar depressive patients compared to controls.
Plasma OXT levels were not affected by antidepressive drug
treatment or ECT
Parker et al. 2010 4M,7F 7M, 6 F no OXT 1 Plasma OXT levels were elevated in depressed patients compared Case-control study
[154] treatment to controls
Pitts et al. 1995 10M,3F 7M,6F no OXT - CSF OXT levels did not differ between depressed patients and Case-control study
[158] treatment controls
Purba et al. 1996 4 F 4 F no OXT 1 OXT-expressing neurons in the PVN were increased in patients Case-control study
[159] treatment with major or bipolar depression compared to controls
Riddle et al. 1993 3M,7F 0 no OXT 1 Plasma OXT levels after suprathreshold ECT stimulation were Within-subjects design
[161] treatment significantly greater than after threshold stimulation
Scantamburloetal. 4M,28F 0 no OXT | Plasma OXT levels were negatively correlated with symptoms Between-subjects design
2007 [172] treatment severity of depression and anxiety in depressive patients
Scott et al. 1986 6M,19F 0 no OXT 1 Positive correlation between the OXT carrier molecule Within-subjects design
[175] treatment neurophysin and recovery from depression after ECT treatment
Scott et al. 1989 3M,16 F 0 no OXT 1 OXT-associated neurophysin after the first ECT was related to the =~ Within-subjects design
[176] treatment extent of recovery from depression after ECT
van Londen et al. 22M,30 17M,20 no OXT - Plasma OXT levels were not associated with neuropsychological ~ Case-control study
1997 [209] F F treatment performance in depressed patients
van Londen et al. 14M,13 7M,15F no OXT T Plasma OXT levels were increased in depressive patients Case-control study
1998 [210] F treatment compared to controls
Warner et al. 1995 3M,4F 0 no OXT T Plasma OXT levels increased at 5-minutes post-ECT seizure Within-subject design
[212] treatment
Whalley et al. 1982 5F 2F no OXT 1 Plasma OXT levels increased 3 to 4 weeks before the onset of Case-control study
[214] treatment Mania
Zetsche et al. 1996 12 M/F 12 M/F no OXT | Plasma OXT levels were reduced in depressed patients compared Case-control study
[223] treatment to controls

[150], is an effective inhibitor of OXT and has been used to prevent
premature labor in women in the past [48]. Plasma OXT levels are
also decreased in both breast-feeding and nulliparous women after
acute alcohol consumption [28,140,141]. In non-alcoholic subjects
peripheral OXT levels have been found to be related to feelings
of drunkenness after alcohol consumption [140]. Coiro et al.
[29] also found that pretreatment with ethanol completely abol-
ished the OXT response to hypoglycemia in non-dependent
young men. With alcohol-dependent patients on the other hand

Table 15
OXT and social anxiety disorder (SAD).

elevated plasma OXT levels have been reported even after peri-
ods of abstinence lasting from one to 28 days [134]. A post-mor-
tem study in subjects with chronic alcohol abuse found reduced
numbers of magnocellular hypothalamic neurons that produce
OXT [186], in line with findings in rodents [183]. While further
studies on links between alcoholism and impairments in the
OXT system are required it seems likely that potential anti-social
behaviors associated with chronic alcohol abuse may be linked
to its effects on OXT.

Authors n n OXT Dose OXT  Main Findings Study Design
(patients) (controls) Level
Guastella et al. 2009 [76] 12M 13M 241U - OXT treatment enhanced mental Double-blind, placebo-controlled,
intranasally representations after exposure therapy in between-subjects design
patients with SAD
Hoge et al. 2008 [85] 14M,10 11M,11 no OXT > Plasma OXT levels did not differ between Case-control study
F F treatment patients with SAD and healthy controls and
were positively correlated with symptom
severity in subjects with SAD
Labuschagne et al. 2010 18M 18 M 241U - OXT treatment attenuated the heightened Double-blind, placebo-controlled,
[113] intranasally amygdala reactivity to fearful faces in patients  within-subject design

with generalized anxiety disorder
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Table 16
OXT and obsessive-compulsive disorder (OCD).
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Authors n n OXT Dose OXT  Main Findings Study Design
(patients) (controls) Level
Altemus et al. 7M,7F 14M, 12  no OXT treatment - Normal CSF OXT levels in OCD compared to Case-control study
1999 [3] F controls
Ansseau et al. ™M 0 8.4 to 16.8 IU intranasally over - OXT treatment improved OCD symptoms, but  Case study, double-blind,
1987 [9] 4 weeks the patient developed psychotic symptoms, placebo controlled (4 weeks
memory disturbances and decreased plasma OXT, 4 weeks placebo)
sodium and osmolality
den Boer et al. 3M,9F 0 18 IU intranasally - OXT treatment did not affect OCD symptoms Double-blind, placebo-
1992 [38] controlled, between-
subjects design
Epperson et al. 4M,3F 0 40 IU intranasally for 1 week, - OXT treatment did not affect OCD symptoms Double-blind, placebo-
1996 [49] n=5: 160 IU/d, n=2: 320 IU/d controlled, between-
subjects design
Leckman et al. 12M,17 19M,12  no OXT treatment T CSF OXT levels were increased in patients with  Case-control study
1994 [114] F F OCD and correlated with OCD severity
Salzberg and 2M,1F 0 8 IU intranasally OXT treatment did not affect OCD symptoms Double-blind, placebo-
Swedo 1992 controlled, between-
[167] subjects design
Swedo et al. 1992 26M,17 0 no OXT treatment T OXT CSF levels were positively correlated with  Between-subjects design
[193] F depressive symptoms. The ratio of arginine
vasopressin to OXT was negatively correlated
with OCD and depressive symptoms
Table 17

OXT and post-traumatic stress disorder (PTSD) and borderline-personality disorder (

BPD).

Authors n n OXT Dose OXT Main Findings Study Design
(patients) (controls) Level
Bartz et al. 2010 14 F 13F 401U intranasally - OXT treatment decreased trust and cooperative Double-blind, placebo-controlled,
[14] behavior in patients with BPD case-control study design
Pitman et al. 1993 43 M 0 20 IU OXT - OXT reduced physiological but not Double-blind, placebo-controlled,
[157] intranasally psychological responses in patients with PTSD  cross-over study
Simeon et al. 2011 10F 11F 401U intranasally - OXT treatment resulted in a significantly Double-blind, placebo-controlled,
[184] reduced dysphoric stress response in patients  within-subject design
with BPD after the Trier Social Stress Task
Yatzkar and Klein 18 M 0 Not mentioned - OXT reduced the severity of PTSD symptoms,  Double-blind, placebo-controlled,

2010 [217]

improved mood and reduced thoughts about
the traumatic event

cross-over study

3.1.2. OXT and empathogenic drugs

The drug, 3,4-methylendedioxymethamphetamine (MDMA) -
commonly known as ‘ecstasy’ - is a widely used illegal drug that
causes both empathogenic and anxiolytic effects. In agreement
with animal studies plasma OXT concentrations have been re-
ported to increase in the blood after MDMA consumption in hu-
mans [47,215]. Wolff et al. [215] argued that OXT effects could
be related to changes in plasma and urine osmolality and hypona-
traemia. However, research on rodents suggests that MDMA effects
on OXT and prosocial behaviors may initially be mediated by the
drug’s action on the serotonin system. In rats the prosocial and
OXT-releasing effects of MDMA are blocked by a 5-HT, receptor
antagonist [197,198]. Another empathogenic drug, sodium-gam-
ma-4-hydroxybutyric acid (GHB) has in the past been successfully
used to promote uterine contractions during labor, once again sug-
gestive of an effect on OXT release [66]. Further research is clearly
needed to understand the potential underlying molecular mecha-
nisms of MDMA- and GHB-induced prosocial behaviors in humans.

3.1.3. OXT and cocaine

Cocaine is also a stimulant drug that promotes feelings of well-
being and hyperactivity. This drug targets dopaminergic systems in
some of the same neural substrates as does OXT, notably the nu-
cleus accumbens, amygdala and hippocampus. In line with animal
studies cocaine use in pregnant mothers has been associated with

poor maternal care and also with effects on social interactions and
bonding in children born to cocaine addicts [191]. Animal-based
studies have shown that OXT can interfere with cocaine’s dopa-
mine-dependent effects on increased activity and appears to re-
duce the utilization of dopamine in the nucleus accumbens by
the drug [109].

Only one study has investigated the effect of cocaine abuse
on the oxytocinergic system in humans. Mothers (at least one
month but not more than 11 months postpartum) who used co-
caine during pregnancy showed lower blood OXT levels than
mothers who did not take cocaine [123]. Acute administration
of cocaine in rodents has been reported to increase OXT release
in the brain and this might possibly explain its initial prosocial
effects [110]. Thus, while more research is required to establish
the nature of cocaine and OXT interactions, the current emerging
pattern is that although acute cocaine treatment initially in-
creases OXT release, chronic use appears to reduce it, and possi-
bly OXT’s ability to release dopamine as well. The result of this
is likely to be impaired maternal behavior and social bonding in
the addict, and may also produce similar impairments in chil-
dren born to addicts either due to cocaine exposure or poor
quality maternal care, or both. Since OXT may interfere with co-
caine’s stimulation of dopamine release in the nucleus accum-
bens this also raises the possibility that it might be useful in
the context of reducing cocaine dependency.
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Authors n (patients) n OXT Dose OXT  Main Findings Study Design
(controls) Level
Bakharev et al. 27 M with 0 101U i.v. or - OXT normalized mood and emotional status Double-blind, placebo-controlled,
1984 [11] OXT, 18 M intranasally daily (asthenic or apathic states) compared to between-subjects design
without over 7 days treatment with conventional neuroleptic
OXT agents. OXT weakly influenced neurosis like
symptoms
Beckmann et al. 13 M 13M,2F no OXT treatment | CSF OXT levels were increased in schizophrenic Between-subjects design (neuroleptic
1985 [16] patients compared to healthy controls; CSF treatment vs. no neuroleptic
OXT levels increased after neuroleptic treatment)
treatment (haloperidol) over 3 weeks
Bujanow 1972 not not 10-15IU1iv.0or20 - OXT enhanced therapeutic effects, no Case study
[24] mentioned mentioned to 25 IU once a day pathophysiological measures were mentioned
over 6 to 10 days
Feifel et al. 2010 19M 0 1400 IU - OXT reduced scores on the Positive and Double-blind, placebo-controlled,
[53] intranasally over Negative Symptom Scale and Clinical global within-subject design
3 weeks Impression-Improvement Scale.
Glovinsky et al. 31M,9F 10M,5F no OXT treatment <« CSF OXT levels did not differ between Between-subjects design (neuroleptic
1994 [67] neuroleptic-treated schizophrenic patients, treatment vs. no neuroleptic
neuroleptic-withdrawn schizophrenic patients  treatment vs. controls)
and healthy controls
Goldman et al. 4M,2F 4M,3F no OXT treatment | Plasma OXT levels were increased in polydipsic Between-subjects design
2008 [68] hyponatremic patients compared to healthy
controls, polydipsic normonatremic or
nonpolydipsic normonatremic schizophrenic
patients. Higher plasma OXT levels were
associated with greater accuracy of rating
facial emotions but not of facial recognition.
Plasma OXT levels were inversely correlated
with anterior hippocampal volume
Keri et al. 2009 16 M,34F 16M,34F no OXT treatment |« Plasma OXT levels were significantly increased Case-control study
[100] in schizophrenic patients compared to healthy
controls and did not increase after trust-
related interactions. No relationship was found
between OXT levels and chlorpromazine-
equivalent doses of antipsychotics
Legros et al. 1992 9M 14 M no OXT treatment | Plasma OXT-neurophysin II levels were Between-subjects design
[117] increased in schizophrenic patients compared  (schizophrenic patients vs. healthy
to healthy controls and were significantly controls)
higher in the paranoid than in the non-
paranoid schizophrenic group
Linkowski et al. 9M,3F 8M,4F no OXT treatment | CSF OXT-neurophysin II levels were Case-control study
1984 [129] significantly lower in schizophrenic patients
compared to controls
Rubin et al. 2010 37M,23F 27M,31F no OXT treatment |« Higher plasma OXT levels were associated with  Case-control study

[166]

prosocial behaviors (measured by PANNS
prosocial factor) and with less severe positive
symptoms and overall psychopathology in
female patients, but not with negative
symptoms. Plasma OXT levels were not
associated with positive or negative symptoms
in men

3.1.4. OXT and opioids

The animal literature has reported a number of interactions be-
tween opioids and OXT release and also that the peptide can im-
prove tolerance of opioid withdrawal [96,108,110]. The
efficacious effects of lithium in reducing symptoms of naloxone-
precipitated withdrawal from morphine in mice have also been
shown to involve an OXT-dependent mechanism [219]. The effect
of opioids on the OXT system in humans has been investigated in
women who are pregnant or in labor. In late pregnancy exogenous
morphine administration had no effect on maternal plasma OXT
levels [127] but during first stage of labor it reduced them [128].
OXT release was also inhibited by morphine in women during
breast-feeding [125]. The opioid agonists fentanyl and sufentanil
did not affect maternal blood OXT concentrations during
pregnancy, but increased them during labor [181,187]. On the
other hand, the opiate antagonist naloxone had no effect on blood
OXT concentrations in women during late pregnancy or first-stage
labor or in men [89,127,128]. Fetal production of OXT was reported

to be unchanged after maternal application of morphine in first-
stage labor [126]. Coiro et al. [29] have also found that the opioid
antagonist naloxone enhanced the OXT rise during insulin-induced
hypoglycemia in men. In summary, opioids seem to inhibit OXT re-
lease during labor and breast-feeding in women but not at other
times, and not in men. The potential use of OXT to promote opioid
tolerance and reduce withdrawal symptoms has yet to be investi-
gated in humans.

3.1.5. OXT and other drugs of abuse

Interactions between OXT and benzodiazepines and cannabi-
noids in humans have yet to be investigated. However, as with opi-
oids, a recent study in rats has shown that withdrawal symptoms
arising from sudden precipitated cannabinoid abstinence in rats
were reversed by lithium, via an OXT-dependent mechanism
[33]. Specifically, lithium activates OXT-containing hypothalamic
nuclei and its ability to prevent abstinence effects was reversed
by co-administration of the OXT antagonist L-368,899. Moreover,
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Table 19
OXT and eating disorders.
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Authors Disease n n OXT Dose OXT Main Findings Study Design
(patients) (controls) Level
Chiodera et al. Anorexia 7F 9F no OXT “ Plasma OXT levels did not differ between Between-subjects design
1991 [27] nervosa treatment anorexic patients and controls. No significant ~ and within-subject design
increase in OXT response to insulin-induced
hypoglycemia and estrogen administration in
underweight anorectic women but a slight
increased OXT response in partial weight
recovered anorexic patients
Chiodera et al. Bulimia 7F 9F no OXT - Plasma OXT levels did not differ between Case-control study
1991 [27] nervosa treatment bulimic patients and healthy controls
Demitrack et al. Bulimia 47 F 11F no OXT - CSF OXT levels did not differ between Case-control study
1990 [37] nervosa treatment underweight bulimic patients, normal weight
bulimic patients and healthy controls
Demitrack et al. Anorexia 5F 11F no OXT - CSF OXT levels were increased in underweight Case-control study
1990 [37] nervosa treatment patients with anorexia nervosa compared to
healthy controls
Frank et al. 2000 Bulimia 23F 17 F no OXT T CSF OXT levels did not differ between patients Case-control study
[59] nervosa treatment who recovered from bulimia nervosa but were
increased in bulimic patients with a lifetime
history of OCD and major depressive disorder.
CSF OXT levels were not related to current
depression or OCD symptoms in patients with
bulimia nervosa
Frank et al. 2000 Anorexia 10F 17 F no OXT - CSF OXT levels did not differ between patients Case-control study
[59] nervosa treatment who recovered from binge/eating purging type

anorexia nervosa compared to healthy controls

L-368,899 given in the absence of lithium worsened cannabinoid
withdrawal syndrome. One study has reported increased OXT re-
lease in blood after nicotine exposure in men [25] although other
studies have found no effect of intravenous or inhalational nicotine
on OXT levels [8,18,62,177]. Also, breast feeding-induced rises in
blood OXT concentrations did not differ between smoking and
non-smoking women [8].

3.2. Autism spectrum disorders

Autism spectrum disorders (ASD) constitute a group of neuro-
developmental conditions defined by dysfunction in three core
symptom domains: impairments of social communication and
interaction, restricted and repetitive activities and interests, and
social deficits. Social impairment involves a lack of eye contact,
diminished social recognition of facial expressions and impaired
daily interaction skills. In view of OXT’s role in facilitating social re-
sponses and in face emotion recognition, there has been a particu-
lar focus on potential links to ASD. We will start by presenting
work on the relationship between ASD and blood OXT levels, as
well as with genetic and epigenetic variations in the OXTR. We will
then review work reporting effects of either intravenous or intra-
nasal OXT treatment on ASD symptoms.

3.2.1. Links between ASD, OXT release, receptor polymorphisms and
epigenetic regulation

A number of studies have reported altered plasma OXT concen-
trations in individuals with ASD. Jansen et al. [95] found increased
OXT levels in 10 adults with high-functioning ASD compared to 14
healthy controls although these were not correlated with impair-
ment in social interaction or communication, or with stereotyped
behavior. In contrast, reduced plasma OXT levels were reported
in 29 autistic boys aged 6-11 years [148]. Also, while OXT levels in-
creased with age in healthy children they did not do so in children
with ASD. Green et al. [71] also observed decreased OXT and in-
creased OXT-X precursor levels in children with ASD. The OXT-X/
OXT ratio was increased in the group of autistic children. The
authors suggested that autistic individuals processed the available
prohormone incompletely compared with healthy subjects. Most

recently Andari et al. [7] have also reported reduced plasma OXT
levels in adults with high-functioning autism. One explanation
for inconsistent study results could be the inclusion of different
ASD subgroups. While Jansen et al. [95] and Andari et al. [7] stud-
ied subjects with high-functioning ASD, Modahl et al. [148] and
Green et al. [71] studied children with various levels of intellectual
function. Further research is needed to investigate whether OXT
levels in children, adolescents and adults with ASD differ from each
other.

There have been a number of studies reporting significant asso-
ciations between a variety of SNP alleles in the OXTR and ASD
[94,119,216]. One particular SNP in the third intron of OXTR has re-
ceived the most attention (rs53576A). This has been found to be
over-transmitted in some families with high-functioning ASD off-
spring [216] and may form a key component in haplotypes related
to ASD [213]. As already discussed, this potential ‘risk allele’ has
also been associated with empathy [163] maternal sensitivity
[10], attachment behavior [32] positive affect [130] and reduced
amygdala responses to emotional faces [202]. In Tost et al. [202],
male carriers of rs53576A were found to have an increased amyg-
dala volume, and other studies have reported increased amygdala
volume in ASD [149,173]. More research is definitely needed, how-
ever, to investigate links between this and other polymorphisms in
OXTR and ASD.

While it is known that the OXTR has a CpG island in its pro-
moter, and that methylation levels can alter its expression in the
peripheral organs [102], the possibility of epigenetic modification
of OXTR in the brain has only recently been investigated and re-
vealed a possible contribution of this in ASD. Gregory et al. [72]
studying a family with ASD found one son with a genomic deletion
in a region of the OXTR previously implicated in ASD. However, an-
other ASD sibling did not have this deletion but instead exhibited
epigenetic misregulation of OXTR through silencing by DNA meth-
ylation. A further analysis of ASD patients revealed increased DNA
methylation of several OXTR CpG dinucleotides in both samples of
peripheral blood cells and from the temporal cortex. There was a
corresponding reduction in OXTR mRNA expression in the tempo-
ral cortex associated with the increased methylation. This study
therefore is the first to reveal evidence for epigenetic down-regu-
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lation of the OXTR in ASD and reveals a mechanism whereby ad-
verse life events, such as early-life traumatic experience, might
lead to significantly reduced OXTR expression in the brain.

3.2.2. Possible relationship between ASD and OXT treatment for the
control of labor

Somewhat controversially it has been suggested that OXT
administration to mothers during labor might contribute to the
development of ASD and related syndromes in their children
through the exogenous treatment of the mother acting to down-
regulate OXT receptors in the fetal brain. Two barriers are com-
monly thought to prevent OXT from crossing from the mother’s
circulation to her infant during labor and potentially accessing
the infanfs brain: the maternal-placenta barrier and the blood-
brain barrier of the infant. However, Malek et al. [133] found that
OXT can cross the human maternal placenta by diffusion and since
the blood-brain barrier in the infant might not be as fully devel-
oped compared to adults it could be more permeable towards
small lipid insoluble molecules like OXT [170]. Furthermore, stress
during labor could result in the release of cytokines and promote
oxidative stress which can make the blood-brain barrier more per-
meable than usual [6,151].

Hollander et al. [88] have argued that OXT administration to
mothers during labor could therefore contribute to ASD in their
children. In a retrospective approach the authors found that the
mothers of patients with ASD had significantly higher rates of
OXT application during labor (61%, 33 out of 54 patients) than
those of healthy children (20-25%). However, two other studies
have failed to support an association between exogenous exposure
to OXT during labor and ASD [54,63]. Certainly if OXT does cross
the maternal placenta, pass the blood-brain barrier of the infant
and down-regulate OXTRs in the developing brain, then it remains
a possibility that OXT administration during labor could under cer-
tain circumstances contribute to ASD. However, the etiology of ASD
is multifactorial and still not fully understood. While OXT adminis-
tration at labor may be one factor, further studies with larger sam-
ple sizes and information about dose and rate of OXT
administration need to be carried out to investigate the correlation
of OXT-induced labor and ASD more thoroughly.

3.2.3. Effects of OXT treatments on ASD symptoms

Guastella et al. [75] investigated the effect of intranasal OXT
administration (24 IU) on emotion recognition for patients with
ASD in a double-blind, randomized, placebo-controlled, cross-over
study. OXT treatment improved emotion recognition as measured
by the RMET in 16 male patients aged 12-19 years. Andari et al.
[7] found that intranasal OXT administration (24 IU) in patients
with ASD enhanced visual screening of faces and, in particular, of
the socially informative eye region, as compared to placebo. In
addition, Andari et al. [7] examined social interaction behavior
by using a task in which the participant engaged in a multi-round
ball-tossing game over a computer network with three fictitious
partners who had different cooperative behavior styles. In this task
healthy subjects quickly learn to return the ball more often to more
co-operative partners who throw the ball back whereas ASD pa-
tients do not. Intranasal OXT treatment enhanced patients’ ability
to process socially relevant cues and throw the ball back more of-
ten to co-operative partners.

Two studies have used intravenous OXT treatment and reported
positive effects in ASD patients. Given the fact that animal studies
have shown that very little OXT given this way crosses the blood-
brain barrier this raises some questions about the extent to which
treatment effects are mediated by the peptide acting directly on its
receptors in the brain. Hollander et al. [86] focused on auditory
processing of social stimuli before and 30, 60, 120, 180, and
240 min over the course of an intravenous infusions of OXT

(101U). 15 OXT-treated patients (age 19-56 years) showed in-
creased retention of affective speech comprehension. Furthermore,
the OXT-treated ASD patients appeared to retain the ability to
accurately assign emotional significance to speech intonation. A
previous study by the same group investigated the OXT effect on
repetitive behavior in patients with ASD. In a double-blind, pla-
cebo-controlled, cross-over study, 15 adults with ASD received
intravenous OXT infusion over a four-hour period. Repetitive
behavior was measured by a four-point ordinal scale including
need to know, repeating, ordering, need to tell/ask, self-injury
and touching [87]. The severity and frequency of repetitive behav-
iors and the total number of different repetitive behaviors de-
creased after OXT administration compared to placebo. This
reported reduction of repetitive behavior after OXT administration
in patients with ASD is contrary to a positive correlation between
OXT plasma levels and the frequency of repetitive behavior in pa-
tients with obsessive-compulsive disorder (OCD) where increased
OXT levels are associated with greater frequency of repetitive
behavior. Bartz and Hollander [13] argue that an OXT deficit is
implicated in ASD, whereas too much OXT or an increased sensitiv-
ity to it is implicated in OCD.

In summary, while the studies presented here support the no-
tion that OXT is an important component in the neurobiology of
ASD, and that intranasal OXT treatment can produce beneficial ef-
fects on emotion recognition and responsiveness to social cues,
more research is clearly required to help establish the precise nat-
ure and duration of beneficial effects and how it could be used
most effectively in conjunction with other therapeutic approaches.
OXT promotes social recognition and social interaction in patients
with ASD and may reduce repetitive behavior. Going forward it will
be important for high-quality clinical trials to be carried out and
where detailed effects on specific ASD symptoms and on different
ASD subgroups are characterized since clinical phenotypes of ASD
vary widely. To date also no studies have included female ASD pa-
tients. Moreover, the efficiency and safety of long-term OXT treat-
ment require further investigation since studies so far have only
measured effects of single-dose treatments. Finally, combined
treatment and brain-imaging studies will help our understanding
of which neural substrates OXT might be acting on to produce ther-
apeutic effects and may also identify key interactions between OXT
and other neurotransmitter systems. Currently the animal litera-
ture suggests that dopamine, noradrenaline and serotonin could
all be important in this respect.

3.3. Mood disorders

As already discussed preclinical studies have shown that OXT is
released into systemic circulation in situations of psychosocial
interaction, and involved in mechanisms of social bonding and so-
cial recognition. In view of disturbances in psychosocial relation-
ships being a triggering factor for many affective disorders it has
been suggested that the function and physiological regulation of
the OXT system may be related to unipolar and bipolar depression.

3.3.1. OXT and depression

Results from studies measuring blood and CSF OXT levels in pa-
tients with depression have been inconsistent, showing reduced,
unchanged or increased OXT levels compared to healthy controls.
Ozsoy et al. [153] found that serum OXT levels were decreased
both before and after treatment with antidepressant drugs or elec-
troconvulsive therapy (ECT) in patients with major depression
(n=29) or bipolar depression (n=11). There was neither a differ-
ence between patients with unipolar and bipolar depression nor
between antidepressant drug treatments [six patients were treated
with serotonin-reuptake inhibtors (SSRIs), 13 with the dual seroto-
nin-noradrenaline reuptake inhibitor (SNRI) venlafaxine, six with
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tricyclic antidepressants] and ECT (n = 15). Frasch et al. [60] also
observed decreased plasma OXT levels in 12 patients. Zetzsche
et al. [223] found a reduced OXT secretion at night (between
22.00 h and 07.00 h) in patients with major depression. Scant-
amburlo et al. [172] reported a negative association between plas-
ma OXT levels in depressed individuals and clinical scores of
depression and anxiety. Other studies found no significant differ-
ence in OXT levels in plasma or CSF between depressed patients
and controls [158,210]. Another study found no association be-
tween cognitive performance and plasma OXT levels in patients
with affective disorder [210], however, it did not discriminate be-
tween diagnostic subsamples (bipolar depression, psychotic
depression or nonpsychotic unipolar depression). In contrast, Par-
ker et al. [154] reported significantly increased plasma OXT levels
in seven female and four male patients with major depression
compared to nine female and 10 male healthy controls. Here six
of the patients continued their current psychiatric medication
(antidepressants with or without concomitant anxiolytics) while
four patients did not receive any medication. Depressed women
show higher plasma OXT levels during the ‘Guided Imagery Task
(GIT) in which participants are asked to imagine a past experience
where they felt strong feelings of love or infatuation. There was a
trend in depressed women toward higher OXT levels during a
speech stress task in which participants had to defend themselves
against a hypothetical shoplifting charge [34]. Bell et al. [17] noted
that plasma OXT levels were correlated to the temperament
dimension of reward dependence in 23 male and 37 female indi-
viduals with major depression.

The observed discrepancies between the above studies may be
due to several confounding factors and heterogeneities: (i) Patient
medication in the studies differed considerably and OXT concen-
trations may be influenced by the treatment with antidepressants
in humans. For example, animal studies have demonstrated that
SSRIs and venlafaxine elevate plasma OXT levels [152,206]. (ii) Pa-
tient samples were small and not homogeneous with respect to age
range, diagnosis and treatment setting (inpatient and outpatient
populations). Ozsoy et al. [153], for example, included patients
with unipolar and bipolar depression. (iii) Gender distribution also
differed across samples and there could be potential gender differ-
ences in OXT levels. Furthermore, in female participants oral con-
traceptives can increase OXT concentrations [189,207] and the
latter also vary across the menstrual cycle [182,188,207]. Number
of births, and lactation history can all affect OXT levels and should
be taken into account as covariates in future studies.

Some studies have also reported altered numbers of OXT-
expressing neurons or OXT mRNA expression in the brains of de-
pressed patients post-mortem. Purba et al. [159] reported an in-
creased number of OXT-expressing neurons in the PVN of
patients with major depression or bipolar depression as compared
to controls. An increase in OXT gene expression in the PVN of mel-
ancholic type depressed patients compared to non-melancholic
type patients has been reported, although no difference in OXT
mRNA was found when comparing the entire group of depressed
patients to controls [142].

Studies have also investigated the correlation between plasma
OXT levels and the clinical response to ECT although the results
are controversial. Devanand et al. [39] reported only a weak nega-
tive association between the acute increment in OXT levels and
clinical response in 55 patients with unipolar or bipolar depres-
sion, with or without psychotic symptoms. The number of ECT ses-
sions averaged 9.4, and all patients were medication-free. In
contrast, Scott et al. [175,176] found a positive correlation between
the OXT carrier molecule neurophysin and recovery from depres-
sion after the first treatment across an ECT series. In the former
study, outcome was assessed one week after the end of the treat-
ment series, whereas in the latter study it was observed two

months after the last ECT session. In one case report a 30-year-
old woman with major depression underwent an ECT series begin-
ning at 23 weeks of gestation. Her plasma OXT levels increased
immediately and returned to baseline 240 min after ECT [73]. Be-
cause of the different study designs the investigations are difficult
to compare to each other and results may be influenced by medi-
cation status, study population (bipolar vs. unipolar depression),
and the treatment course of ECT.

It is also worth noting that reported successes in treatment of
drug-resistant depression by vagal stimulation [70] may also partly
involve the effect of such stimulation on brain OXT release. It is
well established that vagal stimulation releases OXT and that sig-
nals from both the stomach during and uterus reach the brain
via the vagus [189,204]. Indeed, in women with complete spinal
cord section sexual orgasm, which is a potent releaser of OXT,
can still be achieved following vaginal self-stimulation via the va-
gus [106]. In summary, there is clearly a need for further clarifica-
tion of the biological basis of OXT in relation to mood disorders
which may also help to elucidate their underlying pathophysiol-
ogy. At this point in time, however, there is only correlative evi-
dence for OXTs role as a potential therapeutic agent for mood
disorders.

3.4. Anxiety and personality disorders

The anxiolytic properties of OXT found in preclinical studies,
particularly in psychosocial contexts, have stimulated a number
of clinical studies investigating its potential role in anxiety disor-
ders such as social phobia and OCD. The anxiolytic effects of OXT
together with its potential role in promoting amnesia for aversive
or traumatic events have also led to some studies considering its
role in PTSD. Lastly, a number of personality disorders also exhibit
problems with social responses and trust although to date a role
for OXT has only been investigated in borderline personality disor-
der (BPD).

3.4.1. OXT and social phobia

Social phobia or social anxiety disorder (SAD) is a disorder char-
acterized by excessive fear of social interactions or performance.
The patient is frightened to act in a way that will be embarrassing
and because of this social situations are avoided. With a life-time
prevalence of 12.1%, SAD is the third most common mental health
disorder [101]. Little is known about the etiology of SAD although
it appears to be influenced by neurobiological, temperamental, ge-
netic, and environmental factors [121]. To date, few studies have
investigated the role of OXT in SAD despite the fact that preclinical
studies suggest an obvious potential for therapeutic use through
reducing anxiety in social situations. Hoge et al. [85] found no sig-
nificant differences in plasma OXT concentrations between a group
of 24 patients with SAD (10 female, 14 male) compared to 22
healthy controls (11 female, 11 male) but within the SAD group,
higher social anxiety symptom severity was associated with higher
OXT levels, the sample size was small and the study did not control
for medical treatment or gender. Another study has investigated
the add-on effect of OXT in an OXT-augmented exposure-based
cognitive behavior therapy (CBT) in 25 men with SAD. The patients
received five weekly sessions of CBT. From week two to five, each
patient self-administered either OXT (24 IU) or placebo intrana-
sally before participating in the TSST. Guastella et al. [76] showed
that administration of OXT in combination with exposure therapy
improved mental representation of speech performance and
speech appearance although this effect did not improve long-term
outcome. The authors argued that this effect could be caused by
OXT-enhanced cognitive processing of positive social stimuli.
However, OXT did not alter SAD symptoms either in the short- or
in the long-term.
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To date only one neuroimaging study has investigated the effect
of OXT on fear-related amygdala reactivity to threatening faces in
patients with generalized SAD and found, as expected, that it re-
duced the amygdala hyper-reactivity in SAD patients to levels seen
in controls [113]. In this study, however, OXT had no effect on
reducing amygdala responses to faces in controls contrary to some
preclinical studies described previously.

In summary, while there is a clear need for further clinical
investigations there may well be a potential therapeutic role for
OXT in SAD. While the lack of an overall beneficial effect in SAD pa-
tients self-administering OXT before CBT is disappointing, arguably
the most important time to give OXT to SAD patients is prior to so-
cial interactions in the course of their everyday life both in an at-
tempt to reduce anxiety but also to help reinforce the rewarding
aspects of such social interactions.

3.4.2. OXT and obsessive—compulsive disorder

OCD is defined by the occurrence of either unwanted thoughts
(obsessions), repetitive behaviors (compulsive rituals) or, most
commonly, both. Patients recognize that the thoughts are a prod-
uct of his or her mind. Compulsions are aimed at reducing distress
or preventing some dreaded event. However, they are excessive or
not realistically connected to what they are intended to prevent.
The pathophysiological significance of OXT in OCD is still unclear.
Leckman et al. [114,115] reported that OXT was elevated in the
CSF of 29 adults with OCD compared to controls, whereas another
study observed normal OXT levels in 14 patients with OCD [3]. In
another study plasma OXT concentrations were positively corre-
lated with depressive symptoms in 43 children with OCD [193].
The variable findings might be related to the following methodo-
logical differences: (i) Leckman et al. [114,115] included only male
OCD patients whereas Altemus et al. [3] had similar numbers of
male and female OCD patients and controls. In addition, Altemus
et al. [3] did not explicitly mention stage of menstrual cycle or
use of oral contraceptives in female participants. (ii) In the two
studies lumbar punctures were performed at different times, either
between 9.00 to 10.00 a.m. or at 12.30 p.m. There is, however, a cir-
cadian rhythm of OXT in human CSF with the peak occurring at
midday [5]. (iii) OCD medications administered may also have
influenced OXT levels and Leckman et al. [114,115] did not report
detailed information about pharmacological treatment. Altemus
et al. [3] included patients who were medication-free for at least
five weeks before lumbar puncture. In summary, further studies
are needed to clarify the role of OXT in the pathophysiology of
0CD.

OCD most often begins in the late teens for males and the early
twenties for females. Pregnancy is associated with an increased
risk for onset or exacerbation of OCD [58]. During puberty, the
third trimester of pregnancy and the early puerperium, OXT levels
are elevated. It is possible that the increased OXT levels are corre-
lated to the onset or worsening of OCD [138] but future research to
identify a potential link between OCD and increased OXT levels
during puberty, pregnancy or puerperium is required.

CBT and pharmacotherapy are regarded as the first-line treat-
ments in OCD. Psychotherapy involves exposure and response
prevention and this is generally considered to be the most effec-
tive treatment for OCD. 60% to 70% of patients respond to CBT,
but in most cases, this is only a partial response (see also [1]).
A clinical response is defined as a 35% reduction in the Yale-
Brown Obsessive Compulsive Scale (Y-BOCS). However, in more
than 12% of patients relapse after completion of CBT is de-
scribed. Current pharmacological strategies encompass SSRIs or
tricyclic antidepressants, in particular clomipramine although
once again relapse rates after discontinuation of medication vary
between 24% to 89% (see [1]). Based on the preclinical findings
that OXT has an anxiolytic effect in humans [81,104], some

studies have administered OXT to OCD patients, with mixed re-
sults. Pharmacological challenge studies with OXT intranasal
spray have examined different OXT doses, periods of application
and sample sizes. Den Boer and Westenberg [38] reported no
effect on compulsive, depressive or anxiety symptoms in nine
female and three male OCD patients. They administered one
squeeze per nostril (22 IU) four times per day over six weeks.
Additionally, two other patients received a threefold higher dos-
age with no advantage and only minimal side-effects. Salzburg
and Swedo [167] found no OXT effect in one female and two
male OCD patients after a single administration of OXT (8 IU).
Epperson et al. [49], employing a randomized, double-blind,
placebo-controlled, crossover design, administered seven OCD
patients with 160 IU of OXT per day. After a preliminary analysis
two patients were even given 320U of OXT per day. However,
none of the patients showed a change in OCD symptoms. Ans-
seau et al. [9] reported one case of a patient whose symptoms
improved in the first two weeks of treatment (8.4-16.8 IU OXT
per day), but subsequently developed psychotic symptoms and
memory disturbances.

In summary, to date no study has definitively shown potential
therapeutic effects of OXT in relation to OCD although numbers
of treated patients have been too small in many studies to yield
conclusive findings. OCD patients may perhaps benefit from the
anxiolytic properties of OXT if they are exposed to the fear-eliciting
situation. As yet no study has attempted to combine CBT with OXT
application in relation to OCD treatment and this could potentially
be the best route to try. However, a combination of pharmacother-
apy (e.g. SSRIs, tricyclic antidepressants) and OXT treatment might
also be effective.

3.4.3. OXT and post-traumatic stress disorder

PTSD is an anxiety disorder that can develop in the aftermath of
a harmful/life threatening event. Symptoms include the typical
trias of hyper-arousal, avoidance behavior and re-experiencing of
the trauma in the form of nightmares, flashbacks and intrusive
thoughts, especially in situations reminiscent of the trauma. The
risk of PTSD is increased by experience of early childhood trauma
[105]. There is some evidence that increased blood OXT levels in
mother-infant interactions are reduced in individuals raised in so-
cially impoverished environments [61] and one study has reported
that OXT concentrations in CSF were reduced in women exposed to
early-childhood abuse [80].

In men who had experienced early separation from their par-
ents intranasal OXT has also been reported to produce an attenu-
ated suppression of cortisol [139]. PTSD patients also exhibit
hypervigilance and enhanced startle responses, and in rats OXT
treatment has been shown to reduce startle both in the presence
and absence of a fear-conditioned stimulus [147]. In one of the first
clinical studies using a single intranasal administration of OXT
(201U) Pitman et al. [157] found that it reduced physiological
but not psychological responses to combat imagery in Vietnam
veterans suffering from PTSD. Whether more sustained periods of
treatment where patients are able to self-administer OXT during
flashbacks might also eventually reduce psychological as well as
physiological symptoms and weaken the memory of original trau-
matic events needs further investigation.

There would also seem to be some potential in considering
combining OXT treatment with extinction-based exposure ther-
apy. A preliminary report has also found that intranasal OXT signif-
icantly lowered the level of anxiety, tension, restlessness and
irritability in 18 PTSD patients as well as improving mood and
reducing the intensity of recurrent thoughts about the trauma.
Subjects apparently also reported increased desire for social inter-
action although there was only a small, but significant reduction in
the severity of PTSD symptoms [217].
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3.4.4. OXT and borderline-personality disorder

BPD is often associated with childhood trauma and neglect and
unstable emotional and interpersonal relationships [120] including
attachments that are unresolved or fearful [2]. As discussed above
for PTSD there are a number of studies reporting altered OXT asso-
ciated with early-childhood trauma. In particular, BPD is associated
with excessive vigilance and enhanced reactivity to emotional and
social stimuli [84]. Increased reactivity to emotional social stimuli
is also evidenced by neuroimaging findings of enhanced amygdala
reactivity to negative scenes [83] and facial expressions [146]. Fur-
thermore, BPD patients often display a negativity bias particularly
towards the perception of anger [43].

To date only two studies have investigated effects of intranasal
OXT in BPD patients. One has reported that OXT treatment can
actually make some symptoms worse. In this study BPD and con-
trol subjects played a social dilemma game with a partner. In the
BPD patients OXT actually reduced trust and cooperative re-
sponses. This effect was particularly contributed to by those pa-
tients who were anxiously attached or rejection-sensitive [14].
The authors concluded from their results that OXT does not uni-
formly facilitate trust and prosocial behavior in humans and may
impede it in individuals with chronic interpersonal insecurities. In-
deed, the preclinical studies already discussed showing increased
envy, jealousy [180] and parochial altruism [35] following intrana-
sal OXT treatment are also suggestive that in some situations trust
and prosocial feelings towards others can be decreased. However,
in a second study on 14 BPD patients compared to 13 controls a
40 IU-intranasal OXT dose yielded effects in the TSST [184]. Specif-
ically, the BPD patients showed greater attenuation of stress-in-
duced dysphoria and a tendency towards a greater attenuation of
the stress-induced cortisol increase. There was also a relationship
found between emotional stress reactivity and childhood trauma
alone or combined with self-esteem. The authors concluded that
OXT may have a beneficial impact on emotional regulation in BPD.

In summary therefore potential relationships between impaired
OXT function and BPD have been suggested, particularly in the
context of early-life trauma or neglect, and potential therapeutic
effects of OXT on emotional regulation have been demonstrated.
However, one study carried out using a game playing paradigm
has found reduced trust and co-operation. As with some other dis-
orders, it will be important in future to consider potential thera-
peutic effects of intranasal OXT in relation to a patient’s everyday
social relationships.

3.5. Schizophrenia

Schizophrenia is a multifactorial, neurodevelopmental disorder
caused by a combination of genetic and environmental risk factors.
The symptoms of schizophrenia include positive (including delu-
sions and hallucinations, typically regarded as manifestations of
psychosis) and negative symptoms (including blunted affect, anhe-
donia, social withdrawal and lack of motivation) and cognitive
impairment (especially in the domains of attention and declarative
memory), which leads to many problems in social and occupa-
tional functioning and self-care. About 1% of the population is af-
fected by schizophrenia, with similar rates across different
countries, cultural groups, and sexes. Pharmacological treatments,
which block dopamine D, receptors, are effective for delusions and
hallucinations but less so for disabling cognitive and motivational
impairments [79,179].

Recent studies have suggested that OXT abnormalities might
contribute to the social deficits in schizophrenia (Review
[19,164]), thus making the OXT system a promising therapeutic
target for the treatment of schizophrenia. Several studies have
measured central and peripheral OXT levels in patients with
schizophrenia, but the link between the disorder and OXT levels re-

mains inconclusive. Some authors found elevated plasma levels of
OXT-neurophysin or elevated CSF OXT levels in schizophrenic pa-
tients [16,117]. Glovinsky et al. [67] reported no difference be-
tween individuals with and without schizophrenia, and Goldman
et al. [68] found decreased plasma OXT in schizophrenic patients
with polydipsic hyponatremia. There was no difference between
polydipsic normonatremic and nonpolydipsic normonatremic
schizophrenic patients and controls. After three weeks of haloper-
idol treatment, Goldman et al. [68] found no significant change in
CSF OXT levels in schizophrenic patients. Additionally, CSF OXT
levels correlated negatively with hippocampal volume in controls
and patients with schizophrenia. Plasma OXT levels correlated
with schizophrenic patients’ accuracy in categorizing facial emo-
tions [68]. In contrast to 50 controls, Keri et al. [100] did not find
an OXT release in 50 patients with schizophrenia in response to
trust-related interpersonal interactions. The authors suggested
that a missing trust-related OXT increase might be driven by neg-
ative symptoms and social withdrawal. Initial promise for OXT as a
treatment in patients with schizophrenia comes from two older
clinical trials and one recently published study. In an open-label
study, the investigators administered OXT either intravenously
(daily dose of 10-151U) or intramuscularly (daily dose of 20-
251U) over a period of 6-10 days [24]. Rapid therapeutic effects
in patients with acute psychosis and weaker effects in chronic
schizophrenic patients were described although the therapeutic
advantage was not characterized in great detail. Bakharev et al.
[11] found an improvement of negative symptoms in 27 men with
schizophrenia who received 10 IU OXT over seven days compared
to 13 men with schizophrenia who were treated with antipsy-
chotic medication. Positive symptoms were influenced to a much
lesser degree. In the most recently published study schizophrenic
patients received three weeks of OXT and three weeks of placebo
nasal spray in a random order (201U of OXT nasal spray were
administered twice-daily in the first week and 40 IU twice-daily
in the second and third week). OXT caused a reduction in all ‘Posi-
tive and Negative Syndrome Scale (PANNS) scores, although not
until the final week of the treatment. The greatest effect of OXT
treatment was observed in PANNS Negative [53]. The patients in
the study were already being treated with antipsychotics and so
OXT was able to provide beneficial effects on top of those produced
by the antipsychotic drugs. An important finding in this study is
that repeated intranasal doses of OXT are well tolerated. However,
the fact that it took so long for the OXT treatment to have effects is
a little surprising given the large number of studies that have re-
ported rapid effects in other contexts. This may perhaps be due
to the fact that patients were on antipsychotics, which antagonize
the dopamine D, receptor, and it is known from animal studies
that prosocial and bonding effects promoted by OXT are mediated
via modulation of dopamine release acting on the D, receptor (see
[124]). Possibly therefore effects might have been more rapid in
the absence of antipsychotic treatment.

These initial results suggest clinical benefits of OXT treatment
in patients with schizophrenia. However, further randomized con-
trolled trials involving larger patient samples are necessary to con-
firm the therapeutic efficacy of OXT in schizophrenia. A key
requirement for further research is addressing optimal timing
and dosing and assessment of long-term outcomes. In addition,
neuroimaging studies of the OXT-targeted brain regions could ex-
tend our understanding of the neural substrates where OXT treat-
ment is acting.

3.6. Eating disorders
While often overlooked by comparison with its prosocial effects

OXT also has anorexigenic actions, hence making it potentially
important for the regulation of hunger and satiety [118,174,208].
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Intravenous administration of OXT during fasting decreases levels
of ghrelin in young, healthy men; ghrelin is a hormone that stim-
ulates hunger and is increased before meals [211]. The glucocorti-
coid-induced increase of the hormone leptin that inhibits appetite
is also inhibited by OXT in normal-weight, young men [26]. In light
of these findings and animal-based research implicating the PVN as
an important center for appetite control, a hypothesis that eating
disorders are characterized by OXT dysregulation has been pro-
posed. First, we will review the relationship between OXT levels
and anorexia nervosa and bulimia nervosa and then discuss the
association of OXT with adiposity. Finally we will review studies
that have investigated OXT regulation in patients with Prader-Wil-
li-Syndrome (PWS) which is associated with obesity.

Little is known about potential relations between OXT and an-
orexia nervosa or bulimia nervosa. Demitrack et al. [37] have re-
ported low CSF OXT concentrations in five underweight anorectic
women compared to healthy controls. However, Chiodera et al.
[26] found no difference in plasma OXT levels in seven women
with anorexia nervosa compared to nine healthy controls although
underweight anorectic women did not respond to stimulation with
estrogens or insulin-induced hypoglycemia. After partial weight
recovery, there was a slight OXT increase in response to these stim-
uli. No differences in CSF or plasma OXT concentrations were found
in normal- or under-weight bulimic women [26,37]. After recov-
ery, OXT levels in the CSF did not differ in patients with anorexia
nervosa or bulimia nervosa compared to controls [59]. The latter
authors suggest that where OXT changes are found they may be
secondary to malnutrition, weight loss and/or altered meal pat-
terns. Two studies, however, have reported increased OXT plasma
levels in women and men with adiposity [91,189]. Six months after
a gastric banding operation OXT levels had decreased, but were
still significantly elevated compared to a control group [189]. In
contrast to normal-weight, young men, in obese individuals dexa-
methasone-induced increases in the appetite-inhibiting hormone
leptin were not changed by OXT infusion [26].

Prader-Willi syndrome (PWS) is a rare imprinted gene disorder
characterized by short stature, muscular hypotonia, hypogonad-
ism, mental retardation, hyperphagia, and behavioral abnormali-
ties such as compulsive behavior or anxiety. The etiology of
excessive appetite and uncontrolled consumption of food is un-
known. The available data regarding the correlation between OXT
and hyperphagia in patients with PWS are inconsistent. It remains
unclear whether OXT is involved in the hyperphagia seen in PWS
patients. One study has reported reduced OXT cell numbers in
the PVN of PWS patients [192]. However, both elevated [137]
and normal [90,91] CSF OXT levels in individuals with PWS have
been reported.

In summary, therefore, while there is evidence for the involve-
ment of OXT in appetite control its role in appetite disorders is still
unclear.

4. Synopsis and future directions

In this review we have summarized an increasingly large and
complex literature reporting OXT release- or treatment-associated
changes in a range of social and emotional behaviors both in nor-
mal healthy subjects and in individuals suffering from psychiatric
disorders. Many studies have reported wide-ranging oxytocinergic
modulation of social relationships, including bonding, attachment
security, enhanced trust and empathy, inhibition of social stress
and ameliorated responses to fear-evoking stimuli. However, OXT
can also promote protection type behaviors which could result in
increased intergroup conflict and aggression in some circum-
stances. Future studies will need to focus on disentangling OXT ef-
fects on different kinds of social and affiliative behaviors and

establish the neural substrates where it acts to promote its effects.
One of the most important tools in this respect will be the develop-
ment of radioligands for the OXTR to allow PET studies which can
elucidate both resting and dynamic OXTR changes in both preclin-
ical and clinical contexts. To date mounting evidence suggests that
the amygdala is a particularly important site for OXT action in
reducing responses to negative social stimuli, such as fearful and
angry faces and for enhancing them to positive social stimuli. It
seems likely, too, that this region plays an important role in OXT-
mediated effects on social recognition, emotional empathy and so-
cially motivated learning. Given the importance of OXT modulation
of noradrenergic and serotonergic function in animals for its social
recognition and anxiolytic effects future research will need to
investigate whether this is also true in humans and also whether
combination treatments targeting both OXT and noradrenergic
and/or serotonergic function will be more effective.

One of the key hypotheses concerning OXTs prosocial effects is
that it increases the rewarding properties of social cues and inter-
actions. While there is some support from fMRI studies that the
ventral striatum is activated during exposure to social stimuli that
evoke OXT release no studies have yet addressed the key question
of whether OXT releases dopamine in this region and promotes
rewarding effects via the D, receptor as in social voles [124].
Equally an important question is whether OXTR polymorphisms
or epigenetic modification can significantly influence OXTR expres-
sion in the ventral striatum or other brain reward areas. In this
context the important potential for therapeutic use of OXT treat-
ment for addiction problems, particularly in terms of reducing drug
withdrawal symptoms, has yet to be investigated in humans. Most
studies attempting to establish direct behavioral effects of OXT in
humans have employed a single intranasal administration of the
peptide. None of these studies however have carried out a system-
atic evaluation of dose-response relationships and or of the dy-
namic changes in OXT which occur in the CSF and blood
following intranasal administration. We also have yet to establish
whether observed behavioral effects of intranasal OXT are limited
to perhaps a few hours or can endure for a longer period. Potential
receptor desensitization effects of repeated OXT treatments also
need to be assessed.

Animal studies have shown us that social bonds formed after ara-
pid release of OXT in the brain following either birth or mating do so
very quickly and are enduring, although the general consensus is
that once bonds are formed OXT is not critical in maintaining them.
What OXT appears to do is to make social cues both more memora-
ble and rewarding. By acting as a neuroplasticity agent, OXT may
help rewire neural systems, so that specific cues from individuals
which whom bonds are formed are more likely to elicit recognition
and pleasure in the future. Hopefully in a therapeutic context this
may mean that durations of OXT treatment will not need to be pro-
longed since effects will be long-lasting, although clearly this is a
very important question to address in future studies.

While to date no significant side effects on intranasal OXT have
been reported, the fact that OXT can have effects on a large number
of peripheral organs, particularly through contractile effects on
smooth muscles, makes it important to target development of ap-
proaches where increases in peripheral OXT concentrations are
minimized. Indeed, most studies have included only male subjects
because of potential problems it might cause by promoting uterine
contractions. A possible reason why peripheral treatments with
OXT have in some cases been reported to cause behavioral effects
may be through its peripheral muscular actions stimulating vagally
mediated OXT release in the brain since the blood-brain barrier is
very impermeable to it. One easy immediate approach to reducing
peripheral OXT concentrations following intranasal treatment may
be to combine it with routine vasoconstrictive agents such as
phenylephrine.
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While we have identified the many and obvious links between
preclinical findings and clinical studies suggesting a promising
therapeutic potential for OXT treatments in psychiatric disorders,
there is still an important need for more large-scale controlled clin-
ical studies. Preliminary evidence showing that OXT might have a
therapeutic potential in ameliorating at least some psychiatric dis-
orders is nevertheless already encouraging. Going forward, though,
it will be important to recognize that while increasing OXT concen-
trations in the brain may be an effective ‘kick-start’ method for
improving psychosocial problems in psychiatric patients, it may
primarily act as an indirect ‘facilitator’ of behavior through modu-
lation of classical neurotransmitter signaling. It is likely, therefore,
that its most effective therapeutic use will be in combination with
other drugs or nonpharmacological treatments, particularly those
such as CBT, that considerably depend on the quality of social
interaction between therapist and patient.
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