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Oxytocin in autism spectrum
disorders:

role and potential application

Perspective

Autism Spectrum Disorder (ASD) is a
neurodevelopmental disorder affecting a significant
percentage of the population. Affected individuals
present with limited interests and impaired
communication and social interactions. Despite
researchers’ attempts, no specific pharmacotherapy has
been developed, with behavioural interventions
rendering the best results so far, yet their ability to
alleviate social impairments remains rather limited.
However, evidence suggests that oxytocin intake could

improve social functioning in some of these individuals.
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The aim of this paper is to evaluate the proposed
mechanisms  underlying  dysregulation in  the
oxytocinergic system and to assess the results and
discuss the limitations of several «clinical studies

involving oxytocin administration in ASD patients.
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INTRODUCTION

Autism spectrum disorder (ASD) is an umbrella term for a
collection of neurodevelopmental disorders, characterized by a
triad of the following symptomatology: persistent impairments
in social interaction, impaired social communication and a
narrow range of interests and repetitive behaviour (American
Psychological Association, 2013), with symptoms starting
typically in early childhood (World Health Organisation, 2018).
What makes ASD particularly difficult to study is its incredible
complexity, both in respect to the heterogeneity of symptoms
and the underlying biological mechanisms, with each autistic
individual offering a unique perspective on this pathology. In
addition to the wide range of phenomena that describe it, ASD is
often accompanied by comorbidities such as epilepsy,
intellectual disability (Atladottir et al., 2015) or macrocephaly

(Campbell et al., 2014).

ASD is part of a cluster of disorders, namely the

pervasive developmental disorders (PDD). It can be classified
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according to severity of the symptoms and extent of support
required (World Health Organisation, 2018). High-functioning
individuals (formerly diagnosed as having Asperger’s syndrome)
have a higher chance of living an independent life, while for the
low-functioning ones, the prognosis is usually poor, due to their
impaired social functioning, stressing the need for effective

treatments.

Available treatments for ASD are still limited, despite the
number of years since its formal description by Leo Kanner and
Hans Asperger in the 1940s, and the relatively high prevalence in
the general population (approximately 1%, according to
Elsabbagh et al., 2012). Early behavioural interventions seem to
render the best results, with Applied Behavioural Analysis (ABA)
and Early Intensive Behavioural Intervention (EIBI) as some of
the most successful therapies, targeted specifically at improving
social behaviours (Granpeesheh, Tarbox, & Dixon, 2009; Tonge,
Bull, Brereton, & Wilson, 2014); however, these are particularly
costly, time-consuming and require early intervention by highly

skilled professionals. To this date, there is no pharmacological
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therapy designed specifically for autism. Antipsychotic
medication such as risperidone and aripiprazole are the most
frequently prescribed to reduce aggresive behaviours, but are
associated with serious side-effects and do not promote social
functioning (McPheeters et al., 201). However, a growing body
of evidence points to a dysregulation in the oxytocinergic system
of ASD patients, with studies showing mixed results in terms of
intranasally administered oxytocin (OXT) improving some of the
social impairments. This paper discusses oxytocine levels and its
role in social behaviour, the genetic variation in OXT receptor in
autism, as well as key brain regions affected in this pathology.
Moreover, the results and limitations of several clinical studies
testing OXT administration in ASD individuals will be

examined.

OXT levels in autism

The neuropeptide OXT plays a pivotal role in social behaviours,

promoting nurturing, bonding and parent-infant attachment, as
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shown by human and other mammalian studies alike (Rilling &
Young, 2014). The hypothesis of an OXT deficit in autism is
rather prevalent, yet still a subject of debate. One of the very
first studies examining this matter found that peripheral OXT
levels in autistic individuals are significantly lower than those
found in healthy populations (Modahl et al., 1998). Moreover,
Alabdali et al (2014) showed OXT plasma concentrations
negatively correlated with severity of autistic symptoms, as
evaluated by either the Social Responsiveness Scale (SRS) or the
Childhood Autism Rating Scale (CARS). Interestingly, Parker et
al (2014) found that low OXT concentrations in plasma were
predictive of impaired social interaction and a poorer theory of
mind (the skill of discerning between one’s state of mind and the
others’) in autistic individuals as well as in healthy controls.
Their results also contradicted the OXT deficit hypothesis, as its
levels did not significantly vary between groups (Parker et al.,
2014). While there is no general consensus with regards to
peripheral concentrations of OXT as a valid biomarker for ASD,

it seems that it is a fair indicator of social impairment.
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The OXT receptor gene in autism

The role of OXT in social behaviour is also supported by genetic
findings. It appears that OXT receptor knock-out mice display
aberrant characteristics in this respect, showing impaired social
memory and recognition (Lee, Caldwell, Macbeth, Tolu, &
Young, 2008) and deterioration of mother-offspring bonding
(Nishimori et al., 2008). This motivated researchers to explore
whether there are genetic differences in the OXT receptor gene
(OXTR) in the autistic population. As such, a 2015 meta-analysis
found four single-nucleotide polymorphisms (SNPs) in the
OXTR significantly associated with ASD (rs7632287, rs237887,
r$2268491, 1s2254298) (LoParo & Waldman, 2015). One of them
(rs237887) was particularly linked to face recognition memory in
a sample of 198 families with a single autistic child, as reported
by Skuse et al. (2014). The researchers found that the SNP was
associated with poor recognition memory, which is
characteristic of ASD, in patients as well as their immediate

relatives (parents and siblings) (Skuse et al., 2014).

Maastricht Student Journal of Psychology and Neuroscience 99|



Staicu

In addition to alterations in the DNA sequence,
epigenetic mechanisms were also found to be involved with the
expression of OXTR. Gregory et al. (2009) analyzed the
methylation levels at the promoter region of the OXTR gene,
which are predictive of a gene’s expression. Using post-mortem
brain tissue from autistic individuals, they found this region was
heavily methylated in the autistic group, which subsequently
correlated with a decreased expression of the gene when
compared to controls (Gregory et al., 2009). A limitation of this
study, though, is the small sample size, which consisted of only
8 patient-control pairs, yet there seems to be evidence for
epigenetic mechanisms accounting for different expression of

OXTR in ASD patients.

OXT and the amygdala

The amygdala, a key region with regards to social functioning
and emotion processing, seems to also be affected in the ASD

population, in terms of both structure and functional
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connectivity with other brain areas. While there is evidence that
children with ASD aged 2-4 years show amygdala enlargement
correlated with social impairments (Nordahl et al., 2012), scans
from older patients (8 years onwards), point to a gradual
reduction in its volume, with the enlargement disappearing
completely during adolescence (Barnea-Goraly et al., 2014).
Preckel & Kanske (2018) hypothesized that early amygdala
overgrowth could be a potential compensatory mechanism for
social deficits, especially in the context of low OXT levels.
Hennessey et al (2018) prompted for longitudinal neuroimaging
studies, as the available data are either a one-time measurement,
or only show how this brain structure evolves over the span of 1-

4 years.

There also appears to be a decreased functional
connectivity between the amygdala and several cortical regions
(occipital, parietal and prefrontal cortices) in ASD adolescents
when compared to controls (mean age = 16 years), as shown by a
resting state fMRI study (Rausch et al., 2016). In addition to this,

clinical studies point to exogenous OXT as an effective molecule
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in both restoring activity in the amygdala and its connectivity to
other regions (Watanabe et al., 2014), and promote pro-social

behaviours (Anagnostou et al., 2014; Tachibana et al., 2013).

Intra-nasal administration of OXT - a potential

treatment

As discussed so far, OXT shows a clear involvement in ASD, with
its low peripheral levels linked to disrupted social functioning
(Alabdali et al., 2014; Modahl et al., 1998; Parker et al., 2014);
alterations in both gene sequence and expression of OXTR could
serve as biological bases (Gregory et al., 2009; LoParo &
Waldman, 2015; Skuse et al., 2014). Moreover, a link between the
amygdala and social behaviours has been hypothesized to exist
in the context of ASD (Nordahl et al., 2012; Preckel & Kanske,
2018; Rausch et al., 2016). As such, several researchers aimed to
test whether intranasally administered OXT would benefit this

population in terms of social functioning.
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Promising results following acute or long-term OXT
administration come from studies with various age groups.
Anagnostou et al. (2014) reported on a case series of 15 ASD
youths (aged 10-17) who received doses up to 0.4 [U/kg intra-
nasal OXT for 12 weeks, twice a day. The patients showed
improvements with regards to social cognition/function, theory
of mind and face recognition when assessed at week 12, with
some of the changes persisting up to another 12 weeks after
treatment discontinuation (Anagnostou et al., 2014). Another
study reported similar findings after 8 ASD males (aged 10-14)
were exposed to increasing doses of intra-nasal OXT (8/16/24
IU), with each dose being administered daily for two months.
Authors noted significant improvements in 6 of the children in
terms of social and communication scores, but only in one of the
three assessment tools used, namely the Autism Diagnostic
Observation Schedule - Generic (ADOS-G) (Tachibana et al.,
2013). In spite of the encouraging outcomes and lack of serious
adverse effects, a major limitation of both of the studies is the

sample size and the absence of a placebo group.
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Watanabe et al. (2014) proposed a more robust design,
with 40 ASD adult males (aged >20) randomized in a double-
blind, placebo-controlled trial. After receiving a single dose of
either 24 IU intra-nasal OXT or a placebo, the participants were
assessed by their ability to make decisions about social cues that
had incongruent verbal and non-verbal content. It was
previously observed that autistic patients have difficulty when
asked to make non-verbal information-based judgements
(NVJs). The authors noted that the group receiving OXT scored
significantly better in terms of the number of NV]Js and reaction
time to these stimuli. Moreover, fMRI scans taken during the
task showed a normalization in amygdalar activity, an increased
activity in the medial prefrontal cortex and anterior cingulate
cortex, as well as an enhanced connectivity between the two,
which correlated with the OXT-induced behavioural effects

(Watanabe et al., 2014).

Nevertheless, two randomized, double-blind, placebo-
controlled trials failed to observe any benefits of administering

OXT in ASD patients over placebo. Dadds et al (2014) compared
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the effects of intra-nasally administering either 12 or 24 IU of
OXT versus placebo in 38 ASD males (aged 7-16), once a day, for
four consecutive days. The group receiving OXT did not
significantly differ from the placebo group with regards to
emotion recognition, social interaction skills and general
behavioural adjustment. The authors noted, however, that their
assessment of outcome measures differed from other studies
with respect to time: while other trials evaluated patients while
under OXT influence, theirs analysed the pre-post changes in
the aforementioned outcome measures (Dadds et al., 2014).
Guastella et al (2015) reported similar findings, with their study
of 50 male ASD patients (aged 12-18) receiving either 18 or 24 U
of OXT or placebo intra-nasally, twice a day, over the course of 8
weeks. Patients were assessed using the Social Responsiveness
Scale, as completed by their caregiver, and the Clinical Global
Impression-Improvement Scale, as reported by a clinician. Other
outcome measures consisted of assessment of presence, severity
and frequency of repetitive behaviours, as recorded by a
caregiver. Said outcomes were registered at baseline, at weeks 4

and 8 after commencing treatment, and at a 3 month follow-up.
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The authors concluded that patients receiving OXT did not
significantly improve on any of the outcome measures, yet
caregivers’ assessments seemed to be positively influenced by
the belief that their patients were in the treatment group

(Guastella et al., 2015).

DISCUSSION

In summary, OXT shows questionable potential in terms of
improving social impairments in ASD. Evidence supporting its
use comes from genetic studies showing polymorphisms in the
OXT receptor gene (LoParo & Waldman, 2015; Skuse et al., 2014)
and its decreased expression (Gregory et al., 2009), but also from
altered activity in key brain areas associated with social
behaviour (Nordahl et al., 2012; Preckel & Kanske, 2018; Rausch
et al., 2016; Watanabe et al.,, 2014) and overall low levels of
peripheric OXT (Alabdali et al., 2014; Modabhl et al., 1998; Parker
et al., 2014). Nevertheless, in spite of encouraging results from

Anagnostou et al. (2014), Tachibana et al. (2013) and Watanabe
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et al. (2014), studies with larger sample sizes and more robust
designs failed to replicate their findings (Dadds et al., 2014;
Guastella et al., 2015). A clear limitation of the studies with
positive findings is the small number of subjects and lack of a
control group (Anagnostou et al., 2014; Tachibana et al., 2013).
Furthermore, an evident drawback of all discussed studies is the
fact that the majority of the participants recruited was male.
This could potentially introduce a gender bias and consequently

lead to results that may not be relevant for females.

Possible explanations regarding the conflicting results
could be the heterogeneity in the doses of OXT administered, as
well as the different age groups studied. The latter aspect is
particularly important, as age could influence the maturation of
the amygdala and its functional connectivity with other brain
regions, thus potentially determining the response of an ASD
individual to OXT treatment. This calls for a more unified
approach in terms of studying the effects of intra-nasal
administration of OXT in this population. Another point to

consider would be the necessity of follow-up studies to assess
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the impact of OXT intake on brain development and potential
side-effects that were not detectable at the time of the
administration. Only two of the studies described conducted a
follow-up assessment after discontinuation of treatment, around
a similar time point (12 weeks): while they showed conflicting
results, with Anagnostou et al. (2014) reporting positive findings
and Guastella et al. (2015) noting no significant improvement,
neither of them found any serious adverse reactions. However, it
is important to know if there are any long-lasting changes of
OXT administration on brain development, therefore patients
should be monitored for a longer period of time after

termination of treatment.

It can be concluded that more research needs to be
conducted in order to establish whether or not OXT is an

efficient pharmacological treatment for ASD patients.
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