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Abstract: Administration of oxytocin has been proposed as a treatment for the core symptoms of autism spectrum disor-
der (ASD), including social-communicative deficit. Previous clinical trials have investigated the efficacy and safety of
oxytocin intranasal single-dose and long-term administration for individuals with ASD. All studies suggest that single-
dose and long-term administration are well tolerated, and no severe adverse events have been reported. However, the effi-
cacy of long-term oxytocin administration is controversial. Some studies have reported significant improvement of the
core symptoms of ASD by long-term oxytocin administration, while other studies showed no such improvement. To elu-
cidate the factors influencing the efficacy of oxytocin administration, it is necessary to examine the effects of administra-
tion schedules (e.g., dosage amount, frequency per day) and participant characteristics (e.g., age, sex, intellectual ability).
In addition to doubts about the efficacy of particular methods of administration, questions remain about the mechanism of
action of intranasal oxytocin on the central nervous system. Examination of changes in the neural underpinnings of social
behavior and simultaneous oxytocin levels in blood or cerebrospinal fluid could prove important in elucidating the phar-
macokinetics of intranasal oxytocin administration, which could be essential for establishing optimal oxytocin treatments
for individuals with ASD.
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1. INTRODUCTION

According to the Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition (DSM-5), autism spectrum
disorder (ASD) are neurodevelopmental conditions charac-
terized by “core symptoms” such as (1) persistent deficits in
social communication and social interaction, and (2) re-
stricted, repetitive patterns of behavior, interests, or activities
[1]. Difficulty of social interaction includes both verbal and
non-verbal communication. For instance, individuals with
ASD tend to be incapable of sustaining a back-and-forth
conversation, and frequently show abnormal eye contact and
body language. Furthermore, they poorly integrate verbal
and nonverbal communication. Based on these deficits, indi-
viduals with ASD have difficulties developing, maintaining,
and understanding relationships, and exhibit an absence of
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interest in peers [1]. In addition to these social-communicative
deficits, they frequently show stereotypic or repetitive motor
movements, use of objects, or speech; they also exhibit hy-
per- or hyporeactivity to sensory input or otherwise show
unusual interest in sensory aspects of the environment [1].

It has been suggested that the frequency of the ASD has
been increasing at a high rate [2]. The prevalence ratio of
ASD was thought to be 1 in 5,000 in 1975; however, it had
risen to 1 in 110 in 2012 (around 50-fold in 40 years) [2].
Based on such a steep rise, the importance of elucidating the
etiology, pathophysiology, and treatment of ASD has also
increased. Fig. (1) shows the number of papers dealing with
this topic published per year; it is obvious that studies of
ASD have rapidly increased in recent years (Fig. 1A), as
have clinical trials (Fig. 1B).

Despite a large number of clinical trials, intervention for
ASD mainly relies on behavioral approaches such as applied
behavioral analysis or treatment and education of autistic and
related communication-handicapped children (TEACCH)

© 2016 Bentham Science Publishers
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Fig. (1). Illustration representing the number of studies published on autism spectrum disorder. The number of papers published per
year according to a PubMed search for articles with the terms "autism"[All Fields] OR "autism spectrum disorder"[All Fields] OR "pervasive
developmental disorder"[All Fields] OR "Asperger syndrome"[All Fields]; in all article types (A) and in clinical trials (B) between 1970 and

2014. The search was performed on October 6, 2015.

[3]. In terms of medical treatment, several drugs have shown
significant efficacy of some aspect for ASD patients [4]. For
instance, risperidone can improve the irritability that can
hamper social interaction. Although other medicines such as
fenfluramine, naltrexone, and secretin have also been pro-
posed, these medicines do not appear to be efficacious for
core symptoms [4]. Therefore, there is still no medical treat-
ment aimed at directly improving social-communicative
deficits in individuals with ASD [3, 4].

However, recent animal and human studies found that
oxytocin, a neuropeptide, plays an important role in modulat-
ing social-communicative behaviors [5, 6]. Furthermore,
some studies have reported altered oxytocin levels in indi-
viduals with ASD [7, 8]. These studies indicate that distur-
bances in oxytocin levels lead to social and communicative
dysfunction in individuals with ASD, and therefore suggest
that exogenous oxytocin administration may be effective in
reversing these symptoms, potentially constituting a medical
treatment for individuals with ASD. To date, several studies
have attempted to determine whether oxytocin administra-
tion in individuals with ASD improves core symptoms, and
comorbid anxiety or depression. Recently, two systematic
reviews concluded that the efficacy of long-term administra-
tion of oxytocin for improving core symptoms is controver-
sial [9, 10], although validation is still in progress. In this
review, we initially summarize the typical role of oxytocin in
developing individuals, followed by the alteration of oxyto-
cin levels in individuals with ASD. We then introduce and
discuss studies examining the efficacy and safety of oxytocin
administration for individuals with ASD, dividing core
symptoms by their function (i.e., social-communicative func-
tion, restricted and repetitive patterns, and other comorbid-
ities such as anxiety). We also advise caution in the use of
oxytocin administration and describe the issues that remain
to be addressed.

2. ROLE OF OXYTOCIN ON SOCIAL BEHAVIORS
FOR TYPICALLY DEVELOPED INDIVIDUALS

Oxytocin is a neuropeptide synthesized in magnocellular
neurons in the paraventricular and supraoptic nuclei of the
hypothalamus, and is processed during its transport along the
axonal projections to the posterior lobe of the pituitary. It has
been well known that oxytocin has peripheral actions in par-
turition and childcare such as prompting galactopoiesis and
contraction of the uterus. However, recent studies suggest
that oxytocin also has central actions associated with social
behavior [5, 6, 11-16]. Lee et al. proposed that oxytocin
plays an important role in social behaviors over the course of
one’s life. For instance, oxytocin promotes attachment be-
tween children and their mother by facilitating maternal be-
haviors during childhood. During adolescence, playing with
friends might be mediated by oxytocin, and sexual behavior
during adulthood is also associated with this hormone [6].
Heinrichs et al. explained the mechanisms of oxytocin func-
tion in social behavior, and showed that positive social inter-
actions such as physical contact are associated with oxytocin
release; reciprocally, oxytocin also promotes social approach
behavior. Several studies have shown the association of oxy-
tocin levels in the body and social interaction behaviors [17,
18]. For instance, Kim et al. examined the association be-
tween changes of plasma oxytocin levels of mothers during
their interaction with their babies. They measured the mater-
nal oxytocin response by calculating difference of oxytocin
level in plasma between baseline period and their interaction
time with their babies. They showed that maternal oxytocin
response was also positively associated with the duration of
gaze toward their babies. Furthermore, mothers with low or
average oxytocin responses showed decreased gazing upon
their babies during periods of infant distress; however, such
decreased were not observed in mothers with high oxytocin
response [17]. Collectively, these studies suggest that oxytocin
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secretion is modulated by social situations such as interper-
sonal interaction. In turn, oxytocin secretion prompts socially
integrative behaviors.

In addition to these endogenous oxytocin-mediated ac-
tions during social behaviors, recent studies have shown that
exogenous oxytocin administration also changes social be-
haviors for typically developed (TD) individuals. For in-
stance, intranasal single-dose oxytocin administration studies
in individuals with TD have shown that oxytocin changes
social behaviors such as gazing on particular areas of faces
[19], inferring mental states of other persons [12], and trust
of other persons [13]. Guastella et al. examined changes of
gazing behaviors on three facial parts, the eye region, nose
and mouth region, and forehead and cheek region, by oxyto-
cin administration. Fifty-two TD male adults participated in
the study, and were administered 24 international units (IU)
oxytocin or placebo. Participants who received oxytocin
gazed longer and more frequently at the eye region than par-
ticipants who received a placebo. Gazing at the other facial
regions was not influenced by oxytocin [19]. As eye-contact
is critical for interpersonal communication, the results sug-
gest that oxytocin might facilitate interpersonal communica-
tion by improving eye contact. Domes et al. examined how
oxytocin administration affects the ability to infer the mental
state of others using the Reading the Mind in the Eyes test
(RMET). The RMET was developed by Baron-Cohen and
colleagues, where participants are shown photographs of
eyes and choose appropriate term describing mental states
[20]. Thirty TD male adults participated in the study and
received either 24 IU oxytocin or placebo. Compared to pla-
cebo, oxytocin-treated subjects showed improved RMET
scores. Furthermore, the improvement was more pronounced
in the more challenging selections, indicating that oxytocin
improves inference skills based on gazing at eyes for TD
individuals [12]. Kosfeld et al. examined behavioral changes
in a trust game that involved actual monetary stakes after
single-dose oxytocin administration of 24 IU or placebo in
TD male adults. In this game, two participants (investor and
trustee) receive equivalent amounts of monetary units (MU).
First, the investor sends an arbitrary MU amount to the trus-
tee, which the experimenter triples. Then, the trustee chooses
an amount to transfer back to the investor from his/her own
endowment plus the tripled value of the investor’s amount.
The experimenter does not triple the back transfer to the in-
vestor. More trusting investors will presumably send higher
amounts of money to the trustee. In this experiment, the in-
vestor’s average transfer was significantly higher in the oxy-
tocin-administered group than in the placebo group [13].
Because trust is one of the important components of proso-
cial behaviors, these results suggest that oxytocin influences
prosocial behaviors for TD individuals. Hence, exogenous
oxytocin administration may change a wide-range of social
behaviors, from simple traits such as gaze to complex behav-
iors such as decision-making based on trust.

Oxytocin administration changes not only social behav-
iors but also neural responses [11, 21, 22]. For instance,
Kirsch et al. examined changes in fear-related neural re-
sponses due to oxytocin administration using functional
magnetic resonance imaging (fMRI). Thirteen TD adults
participated in the study and received 27 IU oxytocin or pla-
cebo before scanning. The participants viewed fear-inducing
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visual stimuli (i.e. fearful faces and scenes) inside the MR
scanner. Compared to the placebo group, oxytocin-
administered subjects showed reduced activation in the
amygdala when viewing fear-inducing visual stimuli [22].
Furthermore, Domes et al. found that oxytocin suppressed
activation in the amygdala when viewing faces irrespective
of valence. They conducted an fMRI study where 13 TD
male adult participants observed happy, fearful, and angry
faces. The participants received 24 IU oxytocin or placebo
before MR scanning. Activation in the right amygdala upon
exposure to all facial expressions was significantly reduced
in the oxytocin-administered group compared to the placebo
group [11]. Baumgartner et al. examined neural underpin-
nings of improvement of trust by oxytocin administration for
TD individuals. In their study, 49 male TD participants
played a trust game with fMRI evaluation while they were
administered 24 IU oxytocin or placebo. They found oxyto-
cin-induced effects in the amygdala, the midbrain regions,
and the dorsal striatum [21].

Collectively, recent studies on TD individuals suggest
that endogenous oxytocin plays an important role in facilitat-
ing socially appropriate behaviors. Furthermore, exogenous
oxytocin administration (i.e. intranasal oxytocin spray) also
improved social behaviors through modulating neural re-
sponses in TD individuals, indicating that oxytocin admini-
stration may be a treatment for individuals with ASD.

3. ALTERED OXYTOCIN SYSTEM IN INDIVIDUALS
WITH ASD

Because a social-communicative deficit is one of the core
symptoms of ASD [1], alterations in the oxytocin system
may be one of the pathophysiologies of ASD; i.e., alteration
of the oxytocin system might lead to difficulty in social
communication for individuals with ASD. Based on this hy-
pothesis, several studies examined the oxytocin system in
individuals with ASD, including both production of, and
sensitivity to, oxytocin.

Modahl ef al. initially reported abnormal plasma oxyto-
cin levels in children with ASD [8]. The authors measured
plasma oxytocin levels in 29 boys with ASD and 30 TD boys
aged 6-11 years. The plasma oxytocin level was signifi-
cantly lower in ASD boys than TD boys. Furthermore, the
oxytocin level was differently associated with social and
developmental measures. Specifically, greater interaction or
daily living skill was associated with elevated oxytocin level
in TD boys, while lower functionality was associated with
elevated oxytocin level in ASD boys. Green et al. confirmed
lower plasma oxytocin levels in children with ASD com-
pared to TD children. Furthermore, they also found elevated
extended forms of oxytocin in children with ASD, indicating
that such children have a dysfunctional endocrine oxytocin
system [23]. Following these studies, several others con-
firmed lower plasma oxytocin levels in individuals with
ASD than in TD individuals [24-26]. In contrast, other stud-
ies found equivalent [27-29] or elevated plasma oxytocin
levels in males with ASD, but not in females with ASD [30].
These inconsistent findings suggest that abnormal oxytocin
production in individuals with ASD cannot simplify be due
to reduced secretion. Furthermore, the inconsistent abnormal-
ity of oxytocin levels raises the possibility that modulation of
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oxytocin secretion in response to social situations might dif-
fer between individuals with ASD and TD individuals. To
understand the oxytocin dynamics in natural situations for
individuals with ASD, Feldman et al. measured changes in
saliva oxytocin levels in children with ASD while interacting
with their mothers or fathers. Forty preschool children with
ASD and an equivalent number of age-matched TD pre-
school children participated in the study. The saliva oxytocin
level of these participants was measured during pre-
interaction, interaction, and post-interaction with the mother
or father. They found that saliva oxytocin levels of children
with ASD were lower pre- and post- interaction. During in-
teraction, however, the oxytocin levels of these children was
elevated, and attained similar levels as those of TD children
[31]. The results suggest abnormal modulation of oxytocin
levels occurs in children with ASD.

Although these findings suggest that an abnormality in
oxytocin secretion or metabolism might exist in individuals
with ASD, there are several fundamental problems to re-
solve. For instance, recent studies have questioned the meth-
odology of measuring oxytocin levels [32, 33]. Specifically,
they claimed that oxytocin levels are overestimated when
measured using enzyme immunoassay techniques without
prior extraction [32, 33]. As some of these studies utilized
these immunoassay techniques, the findings should be re-
examined using more accurate procedures such as radioim-
munoassays or oxytocin extraction prior to employing im-
munoassays. Additionally, it is questionable if peripheral
oxytocin levels (i.e. plasma, saliva, and urine) accurately
reflect central oxytocin levels [32]. In fact, several studies
have shown no correlation between oxytocin levels in the
cerebrospinal fluid and that in plasma [34, 35]. Similarly,
McCullough ef al. questioned if saliva oxytocin levels reflect
plasma or cerebrospinal fluid levels [32]. Thus, measuring
oxytocin levels in the cerebrospinal fluid should provide
stronger evidence of the relationship between altered oxyto-
cin secretion and social and communicative dysfunction in
individuals with ASD. In order to better understand the oxy-
tocin system in individuals with ASD, further studies that
overcome these issues are necessary.

In addition to oxytocin production, several genetic stud-
ies have suggested that ASD is associated with alteration of
the genetic background of the oxytocin receptor [7]. Oxyto-
cin receptor genes are known to have a number of single
nucleotide polymorphisms (SNPs). Based on studies examin-
ing the SNPs of the oxytocin receptor for individuals with
ASD, LaParo et al. conducted a meta-analysis to examine
whether specific SNPs of the oxytocin receptor are associ-
ated with ASD. Of 16 candidate SNPs of the oxytocin recep-
tor, they found four (rs7632287, rs237887, rs2268491, and
rs2254298) that were significantly associated with ASD [7].
These four SNPs are linked to social behaviors in both indi-
viduals with and without ASD. For instance, rs2268491 and
rs2254298 are considered to be associated with empathy in
TD individuals [36]. Wu et al. tested if SNPs of the oxytocin
receptor are associated with cognitive and emotional empa-
thy measured by an interpersonal reactivity index for TD
individuals, and found that rs2268491 and rs2254298 were
associated with cognitive empathy [36]. Thus, alteration of
these oxytocin receptor SNPs are potentially associated with
social dysfunction in individuals with ASD.
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Although there are still several issues to resolve, these
studies have collectively suggested that individuals with
ASD have abnormalities in the oxytocin system involving
both secretion and responsiveness of oxytocin. The disrup-
tion of the oxytocin system may be one of causes of the so-
cial-communicative dysfunction of individuals with ASD, as
shown in an animal study [37]. Takayanagi ef al. examined
the role of the oxytocin system on social behavior using oxy-
tocin knockout mice as well as oxytocin receptor knockout
mice. They showed that deficits of social discrimination,
aggressive behavior, and maternal behavior were altered by
knocking out oxytocin and/or the oxytocin receptor. Because
an altered oxytocin system may constitute one of the patho-
physiologies of ASD, recent studies have explored whether
administration of oxytocin improves abnormal social behav-
iors of individuals with ASD. In the next section, we intro-
duce studies examining the efficacy and safety of oxytocin
administration for individuals with ASD, including both sin-
gle-dose and long-term administration.

4. OXYTOCIN ADMINISTRATION STUDIES IN IN-
DIVIDUALS WITH ASD

4.1. Single-Dose Studies

Several single-dose studies have reported positive effects
for oxytocin administration intranasally [38-46] and by drip
infusion [47, 48] in individuals with ASD (Table 1). As
shown Tables 1 and 2, the acute effect of oxytocin admini-
stration was not only examined in behavioral studies [38, 41,
45,47, 48] but also in neuroimaging studies [39, 40, 42-44, 46].

4.1.1. Behavioral Studies

To date, one behavioral study examined the efficacy of
oxytocin in restricted and repetitive behaviors in individuals
with ASD [48], while others examined the efficacy of oxyto-
cin administration for social-communicative deficit [38, 41,
45,47] (Table 1).

Hollander et al. examined if oxytocin administration re-
duces restricted and repetitive behaviors for individuals with
ASD. Fourteen men and one woman with ASD received con-
tinuous infusion of oxytocin or placebo over four hours. The
amount of oxytocin infusion was gradually increased. In this
experiment, a repetitive behavior scale involving six compo-
nents (need to know, repeating, ordering, need to tell/ask,
self-injury, and touching) was measured five times every
hour during oxytocin or placebo infusion. In contrast to pla-
cebo subjects, oxytocin-administered subjects had a signifi-
cantly reduced total score on the repetitive behavior scale
[48]. Thus, oxytocin administration was effective in reducing
repetitive behaviors in individuals with ASD. The efficacy of
oxytocin administration is not only observed in those with
restricted and repetitive behaviors. Hollander ef al. also ex-
amined oxytocin-induced changes in understanding others’
emotions through speech based on prosody. Fourteen men
and one woman with ASD received continuous infusion of
oxytocin or placebo over four hours, as in the previous study
[48]. The participants listened to four sentences, and judged
the mood of the speaker as being one of four emotions (happy,
indifferent, angry and sad). They found that the accuracy in
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Table 1. Behavioral studies of single-dose oxytocin administration for individuals with ASD.
ASD Participants Dosage
Study Measures
N Age Gender | 1Q Amount Procedure
Social Communicative Function
10U/ml Emotion comprehension of affective
Hollander et al., 2007 [47] | 15 | 32.9(19-56) | 14M1F | 112 | (10ml/h ~ Drip infusion h P v
700m/h) speec
Guastella et al., 2010 [45]1 | 16 | 149 (12-19) 16M 18 or 24 TU Intranasal spray | RMET
Social ball tossi Gaze duri
Andari ef al., 2010 (38] | 13 | 26(17-39) | 1IM2F | 92 | 241U Intranasal spray | oo o Do LOSSINE game Lraze quring
obsrerving face
Gaze to h fi rts during talk
Auyeung et al., 2015 [41] | 32 | 36.4(18-56) | 32M 116 | 241U Intranasal spray | oot numan face parts during ta
with experimenter
Restricted and Repetitive Patterns
10U/ml Repetitive behavior scale (need to know,
Hollander et al., 2003 [48] | 15 | 32.9(19-55) 14M 1F | 90 (10ml/h ~ Drip infusion repeating, ordering, need to tell/ask,
700ml/h) self-injury, touching)
Comorbidity
No study

Amount, dosage amount per single administration; N, number of participants; ASD, autism spectrum disorder; M, males; F, Females; RMET, Reading the Mind in the Eyes Test.

emotion discernment via speech was increased with oxytocin
administration. Oxytocin also improved the understanding of
human expressions of facial or vocal emotion [47]. Guastella
et al. measured the effect of single-dose oxytocin administra-
tion on the behavioral performance of 16 male adolescents
with ASD using RMET. Participants received 18 or 24 IU of
nasal oxytocin spray or placebo spray. Similar to TD partici-
pants, oxytocin administration improved behavioral per-
formance on the RMET compared to the placebo condition
[19]. However, in contrast to TD participants, improvement
of emotional understanding was restricted to easily-
discernible situations for individuals with ASD, while accu-
racy for more challenging questions was constantly low re-
gardless of oxytocin administration. Based on this, the inves-
tigators concluded that oxytocin improves emotional recog-
nition skills only for situations of moderate difficulty for
each person [45]. Other than recognition of emotion in faces
or voices, improvement in gazing behavior was also ob-
served. Andari et al. conducted a single-dose study of the
effects of administration of 24 IU oxytocin on 11 men and
two women with ASD. They examined fixation time on par-
ticular facial areas such as the eye when shown photographs
of faces, and found that such fixation time was increased by
oxytocin administration relative to placebo [38]. Auyeung et
al. confirmed that improvement of gazing behaviors was also
observed during natural social interactions. Thirty-two men
with ASD received 24 IU of oxytocin or placebo, and their
gazing behavior while conversing with the experimenter was
measured using an eye-tracking system. Oxytocin admini-
stration enhanced gazing at the eyes, and the effect was more
pronounced in participants with severe gazing difficulty at

baseline [41]. Furthermore, Andari ef al. showed that trust in,
and preference for, another person was changed in a social
ball-tossing game, as well as gazing behavior. Participants
engaged in a multi-round ball-toss game with three other
computer-simulated players. The authors created different
cooperative behavior profiles (good player, bad player, and
neutral player) by manipulating the amount of reciprocation
exhibited by the three fictitious players (i.e. percentages of
passes to the study subjects). TD individuals without oxyto-
cin administration sent the ball more often to the good player
than to the bad or neutral player. Placebo-treated individuals
with ASD passed the ball to all three players equally, while
oxytocin-treated ASD patients passed the ball more often to
the good player than to the bad player. Thus, oxytocin ad-
ministration increases sensitivity to players’ behavior and
might enhance trust in them [38].

Taken together, these behavioral studies suggest that
oxytocin improves a wide-range of social behaviors includ-
ing facial or vocal recognition of emotion, gazing at the eyes,
and trust in or preference for another person; this facilitates
socially appropriate behaviors while restricting repetitive
behaviors.

4.1.2. Neuroimaging Studies

What neural underpinnings underlie the behavioral im-
provements in individuals with ASD upon oxytocin admini-
stration? Recent neuroimaging studies attempted to elucidate
the mechanisms of the beneficial effects of oxytocin admini-
stration on individuals with ASD, specifically in social
communication [39, 40, 42-44, 46] (Table 2). Although all
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Table2. Neuroimaging studies of single-dose oxytocin administration for individuals with ASD.
ASD Participants Dosage
Study Task
N Age Gender | 1Q Amount Procedure
fMRI
Social Communicative Function
Domes et al.,2013a [42] 14 24 14M 112 241U Intranasal spray | Face- and house- matching task
Domes et al., 2013b [43] | 14 24 14M 112 241U Intranasal spray : ;‘:’21 fr)n:)ittll(])n recognition task of
Gordon et al., 2013 [44] 21 (1 83—12 6) ;Zf)r(l)sys IIS or 24 Intranasal spray izzgg:yjzgizzziligxfgg)ement
Watanabe eral, 2014 | [46] | 33 285 33M >80 241U Intranasal spray ;;:f:g?;ggg;?:x‘zrzzixSed on
Aoki er al., 2014a [40] | 20 (3202‘2_;41) 20M 109 241U Intranasal spray f?:;gg;nd belief understanding
Restricted and Repetitive Patterns
No study
Comorbidity
No study
MRS
Social Communicative Function
Aokietal.,2014b [39] ‘ 40 ‘ 30 ‘ 40M ‘ >80 ‘ 241U ‘ Intranasal spray
Restricted and Repetitive Patterns
No study
Comorbidity
No study

Amount, dosage amount per single administration; gender, participants’ gender; age, range of participant age; N, number of participants; M, males; F, Females; RMET, Reading the

Mind in the Eyes Test.

studies found significant changes of brain activation by oxy-
tocin administration, few showed a direct relationship be-
tween behavioral improvement and changes in brain activity.

For example, Gordon ef al. and Domes et al. showed
improvement of neural response by oxytocin administration,
but they failed to find significant improvement of behavioral
results. Gordon et al. (2013) conducted an fMRI study where
participants judged mental states by viewing photographs of
a human eye using RMET (social task) and judging the cate-
gory of automobiles by viewing photographs of vehicles
(nonsocial task). Twenty-one children and adolescents with
ASD received 12, 18 or 24 TU oxytocin or placebo. Regard-
less of task, oxytocin enhanced activation in the various re-
gions, including the middle frontal gyrus, striatum, superior
frontal gyrus, orbitofrontal cortex, medial prefrontal cortex,
and superior temporal sulcus. A greater oxytocin effect dur-
ing social tasks relative to non-social tasks was also found in
the precentral gyrus, striatum, nucleus accumbens, cerebel-
lum, pons, posterior cingulate cortex, precuneus, parahippo-
campal gyrus, inferior parietal lobule, and superior temporal
sulcus. However, significant behavioral improvement was

not observed in this study; thus, it is unknown if changes of
neural response in these regions contribute to improvement
of social behaviors [44]. In another fMRI study of 14 men
with ASD, Domes et al. examined the effect of oxytocin on
neural response in face- and house-matching tasks. The sub-
jects received 24 IU oxytocin or placebo before MR scan-
ning. They found that amygdala activation in the ASD group
was significantly increased by oxytocin compared to pla-
cebo. Interestingly, the TD group showed opposite effects in
neural response in the amygdala; i.e., oxytocin administra-
tion reduced activation in the amygdala. Based on these re-
sults, the authors concluded that oxytocin reduced the re-
sponsiveness of the amygdala when suppressing fear and
stress in TD individuals, while increasing its responsiveness
for saliency of face/place recognition in individuals with
ASD. Although oxytocin appears to exert adaptive effects on
social cognition, it did not improve the accuracy of the sub-
jects’ ability to match faces or houses [42]. Aoki ef al. found
improvement of both fMRI and behavioral results, but did
not observe a significant relationship between these im-
provements. In their study, 20 men with ASD received 24 IU
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of oxytocin or placebo, and were asked to judge another’s
emotion or belief using a cartoon. When participants judged
the emotion compared to the belief of another person, oxyto-
cin treatment enhanced activation in the anterior insula, as
well as the cuneus, anterior middle temporal gyrus, and infe-
rior frontal gyrus relative to placebo subjects. In contrast, no
brain region showed enhancement by oxytocin administra-
tion when participants judged the belief of another person.
They found that the rate of accurate emotion judgment was
higher in oxytocin-treated subjects than in placebo subjects.
However, the behavioral improvement was not associated
with increased activation in the anterior insula [40].

In contrast to these studies, two other fMRI studies found
a relationship between behavioral changes and neural re-
sponses [43, 46]. Domes et al. conducted fMRI studies in 14
men with ASD where participants judged emotion based on a
photograph of a human’s eye or mouth. These participants
received 24 IU of oxytocin and placebo. Oxytocin-treated
participants with ASD showed a greater activation in their
amygdala when judging emotion using both the eyes and
mouth. In addition to the amygdala, various brain regions
including the temporal pole, superior temporal cortex, infe-
rior frontal gyrus, supplementary motor area, cerebellum,
and superior parietal lobule were strongly activated with
oxytocin treatment. Oxytocin administration also improved
accuracy of emotion recognition in individuals with ASD.
Furthermore, the difference of amygdala activation between
oxytocin and placebo conditions was positively correlated
with the difference of behavioral performance vis-a-vis emo-
tion recognition [43]. In a study by Watanabe et al., 40 men
with ASD received 24 IU of oxytocin or placebo. The par-
ticipants then watched movies with an actor uttering positive
or negative words using gentle or scowling faces, and were
asked to judge the actor as a friend or foe. When words and
facial expressions were inconsistent, judgment depended
more on the actor’s facial expression in oxytocin-treated
subjects. In fMRI results, oxytocin increased activation in
the anterior cingulate cortex, dorsal medial prefrontal cortex,
inferior frontal gyrus, anterior insula, superior frontal gyrus,
and superior temporal sulcus. In these regions, activity in the
anterior cingulate cortex and dorsal medial prefrontal cortex
was positively correlated with behavioral results in oxytocin-
treated subjects, but not in placebo subjects. Thus, partici-
pants with greater activation of the anterior cingulate cortex
and dorsal medial prefrontal cortex showed increased judg-
ment based on facial expression. In their study, they also
found decreased activation of the amygdala [46], in contrast
to the study of Domes et al. Furthermore, Aoki ef al. demon-
strated that levels of N-acetylaspartate, a marker of neuronal
energy demand, was associated with MR signal changes in
the ventromedial prefrontal cortex/anterior cingulate gyrus
after oxytocin administration in the previous fMRI study
[39].

Collectively, previous fMRI studies found significant
changes in activation of various brain regions by oxytocin
administration, including the cortical and subcortical regions.
However, only activation in the amygdala, the dorsal medial
prefrontal cortex, and the anterior cingulate cortex showed a
direct relationship with behavioral results, especially in un-
derstanding facial expressions and using it to judge others.
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No other tasks were found to be associated with brain activ-
ity or behavioral improvements.

4.1.3. Summary of Single Dose Studies of Individuals with
ASD

In single dose studies, oxytocin was found to improve a
wide-range of social behaviors and was also found to restrict
repetitive behaviors. Furthermore, neuroimaging studies elu-
cidated underlying brain mechanisms of oxytocin admini-
stration that were associated with behavioral improvements,
i.e., an association between emotional facial expressions and
amygdala activation, and between using non-verbal informa-
tion for judging others and activation of the anterior cingu-
late cortex and dorsal medial prefrontal cortex. However,
several issues ought to be addressed in future studies. For
instance, although behavioral studies suggested that oxytocin
improves core symptoms of ASD, including social-
communicative function and restricted and repetitive behav-
iors, Preti ef al. have proposed that there are several biases in
these studies. They have conducted systematic reviews of
randomized controlled trials for oxytocin administration in
individuals with ASD including those of Hollander et al.
(2003), Hollander et al. (2007), Guastella et al., and Andari
et al. They proposed that these four studies have a higher
risk of selection bias, and also did not reject the possibility of
an existing publication bias [9]. Of note, 40% of recent fMRI
studies (two out of five studies) mentioned in this review
failed to observe a significant improvement in behavioral
performance, in contrast to behavioral studies showing
greater improvement with oxytocin administration. This fact
also raises a possibility of the existence of a publication bias;
i.e., there may be behavioral studies that failed to find sig-
nificant improvements of oxytocin administration. Addition-
ally, there were no studies examining neural mechanisms
underlying various behavioral changes in individuals with
ASD, including social-communicative function (comprehen-
sion of affective speech or trust) and restricted/repetitive
behaviors. Thus, further fMRI studies using a broader range
of testing tasks are necessary.

4.2. Long-Term Administration Studies

Although single-dose studies can elucidate the acute ef-
fects of oxytocin administration, the sustained dosage period
of a single dose of oxytocin is relatively short. To constitute
an acceptable treatment for ASD, oxytocin must have pro-
longed efficacy. Thus, whether behavioral changes were
observed under long-term administration of oxytocin ought
to be examined. In the following sections, we introduce
open-label studies and randomized, controlled trials (RCTs)
of oxytocin administration to individuals with ASD.

4.2.1. Open-Label Studies

Similar to single-dose studies, open-label studies, includ-
ing case reports, have shown the efficacy of oxytocin ad-
ministration in individuals with ASD [49-52]. Munesue ef al.
reported the efficacy of long-term intranasal oxytocin ad-
ministration in a 23-year-old man with ASD and intellectual
disability. After oxytocin administration twice daily, he
showed improvement in social behaviors, including more
frequent eye contact combined with smiling, as well as the
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ability to answer yes/no questions concerning his daily life.
No adverse effects were observed [52]. This study was the
first to show the efficacy and safety of long-term oxytocin
administration. Kosaka et al. examined the efficacy of intra-
nasal long-term oxytocin administration to a 16-year-old girl
with high-functioning ASD. She received 8 IU of oxytocin
per day for six months. Beginning one month after the start
of oxytocin treatment, her social behavior gradually im-
proved. For instance, she began to greet other people and
make small talk with them, and to show empathy for others’
sickness and worries. Interestingly, her score on the Aberrant
Behavior Checklist (ABC), scored by her mother, decreased
from 69 to 15 two months after commencing oxytocin treat-
ment. Her Clinical Global Impression (CGI)-Severity score
was also decreased from 6 to 3. There were no obvious ad-
verse effects [S0]. Tachibana et al. examined the efficacy of
oxytocin administration in eight boys with ASD for six
months. Six out of eight participants showed improvement in
the communication and social-interaction domains of the
Autism Diagnostic Observation Schedule-Generic (ADOS-
G), while no significant changes were observed in Child Be-
havior Checklist or ABC scores. Five out of eight caregivers
of the boys reported positive effects of oxytocin therapy. As
in other studies, no severe adverse effects of oxytocin were
found [51]. Anagnostou ef al. conducted an open-label study
of 15 youths with ASD, including both boys and girls, for 12
weeks. They examined changes in various aspects of behav-
ior including social cognition, social functioning, repetitive
behavior, and anxiety. They showed that long-term oxytocin
administration improves several social functions, including
social cognition, repetitive behaviors, and anxiety measures,
with no severe adverse events [49]. These studies suggest
that long-term oxytocin administration ameliorates the core
symptoms of ASD, regardless of sex, age, or intellectual
ability.

4.2.2. Randomized, Controlled Trials

Although these open-label studies provide detailed in-
formation on how the behavior of participants with ASD is
changed by long-term oxytocin administration, evaluation of
participants’ behavior in an open-label study is considered
biased. To objectively evaluate the efficacy of long-term
oxytocin administration, an RCT is required. Table 3 lists
clinical RCTs of long-term oxytocin administration regis-
tered with the University Hospital Medical Information Net-
work Clinical Trial Registry (UMIN-CTR), ClinicalTri-
als.gov, and the Australian New Zealand Clinical Trials Reg-
istry. As shown in Table 3, the duration, dosage, and partici-
pant characteristics (i.e., sex, age, and number) differed
among trials. More specifically, there was great variability in
the duration of the clinical trials; the University of North
Carolina planned to perform a remarkably long trial lasting
over one year. Dosage amounts ranged from 3 IU to 40 IU,
but most trials used 24 IU twice per day. A majority of the
trials were restricted to male participants, while the remain-
der included both males and females with ASD. Over half of
the trials planned to conduct RCTs on children with ASD,
while the other trials examined the effects of oxytocin ad-
ministration on adults with ASD. Furthermore, recent trials
have included a large number of participants (N > 100). Five
of these trials (NCT00490802, ACTRN12609000513213,
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ACTRN12609000784213, ACTRNI12611000061932, and
UMINO000007122) reported the efficacy and safety of long-
term oxytocin administration [53-57]. In this section, we
cover the results of these studies (Table 4).

Among these five RCTs, two did not report significant
improvement in several aspects of ASD under oxytocin ad-
ministration [54, 55], while the other three showed im-
provements of several outcomes including social-
communicative functioning [53, 56, 57]. Dadds et al. con-
ducted an RCT with 38 boys with ASD aged 7 to 16 years
[54]. Dosage was 12 or 24 IU, depending on participant
weight, once per day for four days. Although the authors
measured various behaviors through video-coding of partici-
pants and their families, they did not find any improvement
in outcomes such as social-communicative functions, re-
stricted and repetitive behaviors, or diagnostic and severity
changes [54]. Guastella et al. examined long-term oxytocin
administration in 50 adolescent boys with ASD aged 12 to
18 years [55]. Participants were administered 18 or 24 IU
twice per day over eight weeks. In this trial, the primary
endpoints were the Social Responsiveness Scale (SRS) and
the CGI; secondary endpoints were the Developmental Be-
havior Checklist (DBC), the Repetitive Behavior Scale-
revised (RBS), the RMET, the Diagnostic Analysis of Non-
Verbal Accuracy test (DANVA), and behavioral results of
biological motion tasks (i.e., the accuracy of identification of
an action, emotion, subjective state, or object). Thus, they
measured changes in social-communicative aspects, re-
stricted and repetitive behaviors, and general symptoms.
Consistent with the result of Dadds et al., participants did not
show improvement in either primary or secondary endpoints
[55]. Anagnostou et al. performed an RCT involving 19 in-
dividuals with high-functioning ASD aged 18 to 60 years.
Participants were administered 24 IU of oxytocin intrana-
sally twice per day over six weeks [53]. DANVA, CGI, and
RBS were measured as the primary endpoints; RMET, the
World Health Organization Quality of Life (WHO-QOL)
scale, the Yale Brown Obsessive Compulsive Scale (Y-
BOCS), and the SRS were measured as secondary endpoints.
Although they did not observe significant improvement in
primary outcomes, the authors found improved scores on the
RMET and WHO-QOL in the oxytocin group relative to the
placebo group [53]. The results suggest that some social-
cognitive functions and quality of life was improved by oxy-
tocin administration. Recently, Watanabe et al. also found
significant improvement in social functioning in adults with
ASD [56]. Twenty male adults with ASD participated in this
trial, and dosage was 24 1U twice per day. ADOS and the
Childhood Autism Rating Scale were the primary endpoints.
Secondary endpoints included various behavioral measures
such as the autism-spectrum quotient, SRS, RBS, State and
Trait Anxiety Inventory, the Centre for Epidemiologic Stud-
ies Depression Scale, the WHO-QOL, CGI, Global Assess-
ment of Functioning, and neural responses as measured by
fMRI. In this trial, the authors found significant improve-
ment in the ADOS reciprocity score, task-dependent neural
responses, and task-independent resting-state functional con-
nectivity [56]. Yatawara et al. examined the efficacy of long-
term oxytocin administration in 31 children with ASD who
received 12 IU oxytocin twice per day [57]. SRS and RBS
scores were the primary endpoints, while DBC, CGI, ADOS,
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Table3. Clinical randomized controlled trials of long-term oxytocin administration registered with the University Hospital Medical
Information Network Clinical Trial Registry, Clinicaltrials.gov, and the Australian New Zealand Clinical Trials Registry.
i Dosage
Starting Registered Database Institute Country | Duration & Gender Age N
Date Amount | Frequency
2006.06. NCT00490802 53] M"“mﬁ‘e“;‘cisn‘?""l of | Usa | 6weeks 241U | Twice perday| Both | 18-60y.0. | 19
2009.06. | ACTRN12609000513213 | [55] University of Sydney | Australia | 8 weeks | 18 or24 IU |Twice perday| Male | 12-18y.0. | 50
The University of .
2009.09. | ACTRN12609000784213 | [54] New South Wales Australia | 4 days 12 0or24 1U | Once per day | Male 8-16y.0. | 60
2009.10. NCT01337687 Albert Einstein College | ;50 | gyeeks | 241U | Twice perday| Both | 18-55y.o.
of Medicine
2010.12. | ACTRNI12611000061932 | [57] University of Sydney | Australia | 5 weeks gg;:g Twice per day | Both 3-8 y.o. 40
2011.03. NCT01308749 Umve(r;‘rtgl;faN"“h USA | 8weeks | 240r321U |Twiceperday| Both | 3-17y.o. | 25
2011.03. UMINO000005211 University of Fukui Japan 12 weeks | 8or16IU |Twice perday| Both 15-y.0. 60
Children's Hospital of
2011.09. NCT01417026 Philadelphia USA 5 days 241U Once perday | Male | 12-17y.0. | 68
2012.03. UMINO000007122 [56] | The University of Tokyo | Japan 6 weeks 241U Twice perday| Male | 18-55y.0.| 20
2012.03. UMIN000007250 Kanazawa University Japan 8 weeks 81U Twice perday| Male | 15-39y.0.| 30
2012.06. NCT01624194 Stanford University USA 4 weeks 241U Twice per day| Both 6-12y.0. | 50
2012.11. UMINO000009075 Osaka University Japan 4 weeks 241U Twice per day | Male 6-9 y.o. 40
Holland Bloorview Kids
2013.09. NCT01908205 Rehabilitation Hospital/ | C2"29% | 24 weeks | 041UKE Ipice perday| Both | 10-17y.o. | 60
L . USA (max 241U)
University of Minnesota
2013.11. NCT02007447 University of Sao Paulo | g0 | g ek 241U | Twice perday| Male | 12-18y.0.| 30
General Hospital
University of Minnesota
2014.03. NCT02090829 Department of Psychiatry USA 5 days 241U Once perday | Male | 12-17y.0. | 52
2014.04. NCT01914939 Ma“acg‘(‘;?;fafeneral USA | 12weeks | 241U | Onceperday | Male | 18-30y.0. | 150
Holland Bloorview Kids
2014.06. NCT01788072 Rehabilitation Hospital/ | Canada | 12 weeks 241U Twice per day| Both | 18-45y.0. | 146
McMaster University
2014.08. NCT01944046 University of North | yq0 | g monihs | UPYA Ipvice perday| Both | 3-17y.0. | 300
Carolina titration
The University of Tokyo/
Kanazawa University/ .
2014.10. UMINO000015264 University of Fukui/ Japan 6 weeks 241U Twice perday| Male | 18-55y.0.| 114
Nagoya
2015.06. UMINO000017876 Osaka University Japan 4 weeks 241U Twice per day | Male 6-10y.0. | 10

Duration, duration of clinical trial; amount, dosage amount per single administration; frequency, dosage frequency per day; N, number of participants. y.o.: years old.

and caregiver strain questionnaire outcomes were secondary
endpoints. They found significant improvements in parent-
rated SRS and CGI-I following oxytocin administration [57].
Of note, none of these trials reported severe adverse effects
[53-57].

4.2.3. Summary of Long-term Administration Study of In-
dividuals with ASD

The efficacy of long-term oxytocin administration is con-
troversial. One of the possible reasons for the equivocal re-
sults in the trials described above is participant age (Table 4).
Two out of three RCTs conducted in children with ASD
failed to reveal significant improvements [54, 55, 57], even

though significant behavioral changes are observed in all
RCTs involving adults with ASD [53, 56]. Based on this, we
speculate that long-term oxytocin administration may be less
effective for children with ASD than for adults. Alterna-
tively, it is possible that, as children with ASD show greater
changes in social and cognitive functioning through natural
development, improvement due to oxytocin administration
may be obscured. This explanation is applicable to single
dose studies. Almost all single dose studies have been con-
ducted on adolescents or adults with ASD [38-43, 45-48],
while only one study was conducted in children [44]. In the
fMRI study of Gordon et al., children with ASD did not
show any behavioral improvement, although they did show
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Table4. Clinical randomized controlled trials of long-term oxytocin administration.
Oxytocin Outcomes
Group
Trial Participants Dosage Autism Restricted and
Frequency |General Symptom | Core Social Communicative | Repetitive Comorbidity | Other
Duration Symptoms Behavior
Anagnostou | [53] | Gender: Both 241U Primary Outcomes
etal., 2012 N: 10 (OM1F) /9 | Twice per - -
(TM2F) day 6 weeks CGl-social RBS higher order
Age: 33.8 (12.7) DANVA-face RBS lower order
/329 (14.4) DANVA-paralanguage
Secondary Outcomes
*RMET Y-BOCS *WHO-QOL
SRS
Dadds [54]| Gender: Male 12 0or 241U | Diagnosis changes SSRS Video coding
etal., 2014 N:19/19 Once per day | (OSU, CARS, Video coding: child eye |Social reciprocity
Age: 11.8 (2.8)/ |4 days DISCAP-ASD) contact scale
10.7 (2.4) Video coding: parent
eye contact
Video coding: positive
non-verbal behavior
Video coding: verbal
content
Video coding: global
rating
UNSW facial emotion
task
Guastella | [55] | Gender: Male 18 or 24 1U | Primary Outcomes
etal.,2015 N:26/24 Twice per
Age: 13.8(1.5)/ |day CGI SRS
14.0(2.0) 8 weeks Secondary Qutcomes
RMET RBS DBC
DANVA
biological motion
Watanabe | [56] | Gender: Male 241U Primary Outcomes
etal., 2015 N:9/9 i
’ Age: 35.1(7.6)/ zxce per CARS *ADOS: reciprocity | ADOS: repetitive
29.3(5.9) 6 week ADOS: communication
weeks
(cross over: Secondary Outcomes
oxytocin-initially
group / placebo- CGI-EI AQ SRS RBS STAlIstate | WHO-QOL
initially group) CGI-SI *NVJ number CES-D *fMRI: NVJ-specific brain
GAF NVJ response time activity in the ACC
*Fixation time for eye *fMRI: NVJ-specific brain
area activity in the dmPFC
*fMRI: Functional brain
connectivity during task
*rsfMRI: Functional brain
connectivity of ACC-dmPFC
(systolic blood pressure)
(diastolic blood pressure)
(pulse rate)
Yatawara | [57] | Gender: Both 121U Primary Outcomes
etal.,in N: 15 (14MI1F)/ | Twice per
press 16 (13M3F) day 5 weeks *SRS-P RBS-R-P
Age: 5.7(1.5)/
67(1.8) Secondary Outcomes
(cross over: *CGI-1 ADOS: reciprocity DBC-P
oxytocin-initially ADOS: communication CSQ
group / placebo-
initially group)

Participants properties were shown in oxytocin/placebo and from oxytocin to placebo/from placebo to oxytocin. Asterisk indicates outcomes showing significantly greater improve-
ment in the oxytocin group than the placebo group.

M, males; F, Females; SSRS: Social Skills Rating Scale, OSU: Ohio State University autism rating scale-DSM IV, DISCAP-ASD: Diagnostic Interview Schedule for Children, Ado-
lescents, and Parents-ASD diagnostic clinical interview, CARS: Childhood Autism Rating Scale, CGI-I: Clinical Global Impression-Improvements subscale, SRS: Social Respon-
siveness Scale, DBC: Developmental Behavior Checklist, RBS: Repetitive Behavior Scale-Revised, RMET: Reading the Mind in the Eyes Test, DANVA: Diagnostic Analysis of
Nonverbal Accuracy, YBOCS: Yale Brown Obsessive Compulsive Scale, WHO-QOL: World Health Organization Quality of Life Questionnaire, AQ: Autism spectrum quotient,
ADOS: Autism Diagnostic Observation Scale, GAF: Global Assessment of Functioning, NVJ: non-verbal information-based judgment, STAI: State and Trait Anxiety Inventory,
CESD: Centre for Epidemiologic Studies Depression Scale, ACC: Anterior cingulate cortex, dmPFC: Dorsal medial prefrontal cortex, rsfMRI: Resting state functional magnetic
resonance imaging, SRS-P: caregiver-rated social responsiveness , RBS-R-P: caregiver-rated severity of repetitive behavior on the Repetitive Behavior Scale-Revised, DBC-P: care-

giver-rated social and emotional difficulties on the Developmental Behavior Checklist, CSQ: caregiver stress on the Caregiver Strain Questionnaire.
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significant changes in brain activity by oxytocin administra-
tion [44]. As for parameters improved by oxytocin admini-
stration in adults with ASD, Table 4 shows that the rate of
significant improvement in social cognitive endpoints fol-
lowing oxytocin administration was relatively high at 36% (4
out of 11). By contrast, none of the endpoints related to gen-
eral symptoms (0 out of 3), comorbidity (0 out of 2), or
autism core symptoms including social-communication plus
restricted and repetitive behavior (0 out of 2) and restricted
and repetitive behavior alone (0 out of 5) showed significant
improvements. These results therefore suggest that long-term
oxytocin administration in adults with ASD might improve
social-communicative functions but not general symptoms
such as restricted and repetitive behavior and comorbidity.
However, the variability in factors, such as participants’
characteristics (e.g. age, intellectual ability, and sex), ad-
ministration schedules (e.g. dosage amount, frequency per
day, and duration of trial), and indices measured as end-
points, may have caused inconsistencies in the results. Addi-
tionally, as shown in Table 3, there are a number of clinical
trials examining the efficacy and safety of long-term oxyto-
cin administration for individuals with ASD that have not yet
reported their results; some of these trials are ongoing. Thus,
determining whether oxytocin is effective for improving
social-communicative function in individuals with ASD is
partly contingent on the upcoming results of these clinical
studies.

5. OUTSTANDING ISSUES WITH OXYTOCIN AD-
MINISTRATION, AND FURTHER STUDIES

Although, a number of studies have shown beneficial
effects of oxytocin administration in individuals with ASD,
there are still some obstacles impeding the acceptance of
oxytocin treatment for ASD. We discuss some of these, in-
cluding safety, administration schedule, and mechanisms of
long-term oxytocin administration, in this section.

5.1. Safety of Oxytocin Administration

Although, none of the previous studies reported severe
adverse effects, the safety of oxytocin administration re-
mains to be confirmed in future studies. We discuss three
issues in this section. First, as previous long-term administra-
tion trials were conducted within half-year time spans, there
are no data on the efficacy and safety of longer-term (>1
year) oxytocin administration. As shown in Table 3, the Uni-
versity of North Carolina plans to conduct an RCT of long-
term oxytocin administration for 18 month (NCT01944046);
thus, efficacy of longer-term oxytocin administration ought
to be clarified in the near future. Second, long-term follow-
up studies are necessary to confirm the safety of oxytocin
administration. For instance, a recent rodent study cautioned
against long-term oxytocin administration during early
childhood [58]. In that study, the authors tested whether
long-term oxytocin administration during early life affects
lifelong social behavior. Soon after treatment with oxytocin
during early life commenced, the social behavior of male
voles increased. However, long-term developmental treat-
ment with low doses of intranasal oxytocin caused deficits in
various partner preference behaviors when male voles
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reached adulthood [58]. These findings suggest the possibil-
ity that long-term developmental treatment with oxytocin
impairs later-developing social behaviors. Although the
study was conducted on rodents, several RCTs and open-
label studies have been performed in children with ASD [51,
54, 55, 57]. While none of these studies have shown severe
adverse events, there is a possibility that negative effects
occur when the participants reach adulthood. This possibility
should be carefully examined in longer-term follow-up stud-
ies of these participants. Third, although there were some
studies performed on female participants [50, 53], there is
still no standardized clinical test to confirm safety in fe-
males. Because oxytocin is involved in parturition and child-
care, including galactopoiesis and contraction of the uterus,
observation of female-specific vital signs is critical. Two
previous studies did not evaluate safety. In our RCT
(UMINO000005211 in Table 3), we planned to measure sex
hormones, menstrual cycle, or uterine peristalsis activity by
cine MRI. Thus, standardized clinical tests for confirmation
of safety in female participants is a priority for future studies.

5.2. Efficiency of Administration Schedules

The most efficient oxytocin administration schedules,
which would likely depend on individual patient characteris-
tics, remain unclear. For example, it is unknown if dosage
amount or frequency affect the efficacy of oxytocin admini-
stration in individuals with ASD. Dose-dependent efficacy
was found in patients with schizophrenia [59]. In a single-
dose oxytocin administration study, participants with schizo-
phrenia were administered 20 IU or 10 IU oxytocin. While
the higher oxytocin dose ameliorated deficits in emotion
recognition, the lower dose aggravated these deficits [59].
Although such dose-dependency might also be applicable to
ASD, there are no reports of the efficacy of dose-dependent
oxytocin treatments for individuals with ASD. We are cur-
rently conducting RCTs to examine the dose dependent effi-
cacy of oxytocin administration in adults with ASD
(UMINO000005211 in Table 3). Therefore, data on dose-
dependent efficacy should be available in due course. In term
of frequency of oxytocin administration, none of clinical
trials listed in Table 4 planned to manipulate frequency of
dosages. Because the duration of the acute effect is relatively
short, further investigation of the effect of frequency is re-
quired.

We believe that the most efficient schedule for oxytocin
administration will vary according to participants’ character-
istics. First, participants’ age may be linked to the efficacy of
oxytocin administration. However, no study has directly
compared the efficacy of oxytocin between children and
adults with ASD. As administration schedules and endpoints
may affect the efficacy of oxytocin administration, we
should only compare studies of similar administration sched-
ules and endpoints. Second, severity of symptoms and of
alteration of the oxytocin system should affect the efficacy of
oxytocin administration. For general symptoms, Scheele et
al. measured the effect of single-dose oxytocin administra-
tion in TD males and showed that the efficacy of oxytocin
administration was greater in subjects with lower autistic
traits than in those with higher autistic traits [60]. Based on
such findings, we propose a possibility that patients with
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severe autistic symptoms may require more intensive treat-
ments (e.g., higher dose, higher frequency, or longer-term
administration) than patients with mild autistic symptoms. In
terms of the severity of alteration of the oxytocin system, it
is possible that some ASD patients may exhibit heavy altera-
tion of this system while alteration may be relatively mild in
others, especially because ASD patients are a highly hetero-
geneous group (including in their etiologies). The severity of
alteration of the oxytocin system might be linked to the effi-
cacy of oxytocin administration. Hence, examining the asso-
ciation between the extent of alteration of the oxytocin sys-
tem (by measuring oxytocin levels before treatment as well
as determining oxytocin receptor SNPs) and the efficacy of
oxytocin administration is necessary. Third, personal history
might also influence efficacy. For instance, Bakermans-
Kranenburg et al. conducted a meta-analysis of oxytocin
administration in TD individuals and in several clinical
groups. In TD individuals, they suggested that the oxytocin-
induced effect was modulated by personal history; for in-
stance, positive oxytocin effects on behavior and neurobiol-
ogy is attenuated in individuals with negative childhood ex-
periences [61]. Thus, investigations of early childhood and
developmental history may be helpful in understanding
variations in the effect of oxytocin.

5.3. Mechanisms Underlying Oxytocin Efficacy

The mechanisms underlying the efficacy of oxytocin are
not fully understood, including how intranasally adminis-
tered oxytocin functions or how acute and chronic admini-
stration of oxytocin change brain function. For a period of
time, it was even unclear whether intranasally administered
oxytocin reached the brain at all. However, recent studies on
human and non-human primates provided evidence that
cerebrospinal fluid (CSF) oxytocin levels were elevated by
intranasally administered oxytocin [62-65]. Striepens et al.
examined CSF oxytocin levels after intranasal oxytocin ad-
ministration in humans and found that levels in CSF were
elevated at 75 min after administration [65]. Elevated levels
following intranasally injected oxytocin were also confirmed
in non-human primates [62-64]. Although these studies pro-
vide evidence that intranasally administered oxytocin
reaches to brain, several points remain unclear. First, the
route through which intranasally administered oxytocin
reaches the brain is unknown. Macdonald et al. proposed
possible routes in their review [66]. The administered oxyto-
cin may either cross the blood-brain barrier and enter the
brain, or utilize extraneuronal/perineuronal routes along the
trigeminal or olfactory nerve pathway. Additionally, they
suggested that bulk flow, lymphatic channels, intraneuronal
transport, and active or passive transport by the vasculature
may contribute to the effect of intranasal oxytocin on the
brain [66]. However, direct evidence for this is lacking. Sec-
ond, it is debatable whether the incremental amount of CSF
oxytocin increase due to intranasal oxytocin administration is
sufficient to modulate brain function and behaviors [67].
Leng and Ludwig have suggested that only 0.005% of intra-
nasally injected oxytocin enters the brain. Therefore, they
concluded that the incremental increase in CSF oxytocin
level compared to the originally administered amount is too
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small to modulate brain function; see also [68, 69]. However,
although there have been no studies comparing CSF oxyto-
cin levels between individuals with and without ASD, almost
all studies that incidentally measured plasma oxytocin levels
showed differences between TD individuals and individuals
with ASD of below two fold [8, 23, 24, 27-30]. Because CSF
oxytocin levels were approximately 1.5-2.0 fold higher in
TD subjects than in individuals with ASD [62-65], we postu-
late that exogenous oxytocin administered to individuals
with ASD is sufficient to compensate for the deficit in CSF
oxytocin levels. Third, Leng and Ludwig suggested that pe-
ripheral oxytocin activity can modulate behaviors. In fact,
previous studies have shown that intravenously administered
oxytocin enhanced emotion recognition skills and reducing
restricted and repetitive behaviors in individuals with ASD
[47, 48]. In a study on non-human primates, intranasal oxy-
tocin administration induced elevated oxytocin levels in the
CSF, while no such elevated levels were observed upon in-
travenous oxytocin administration [64]. If intravenously ad-
ministered oxytocin does not reach the brain in humans or
macaques, improvement of core symptoms of ASD may be
because of peripheral activity in addition to central action.
Thus, further investigation examining the effect of oxytocin
on core symptoms of individuals with ASD due to both cen-
tral and peripheral activity is necessary. Fourth, differences
in the mechanisms of acute vs. chronic effects of oxytocin
administration are unclear. In studies with mice, chronic
oxytocin administration reduced oxytocin receptor levels
throughout the brains of healthy mice, which led to social
dysfunction [70]. However, it is unknown if chronic admini-
stration reduces oxytocin receptors in mice, causing an oxy-
tocin system deficit. Furthermore, there has been no study
examining the difference in mechanisms between acute and
chronic effects in primates, including humans, regardless of
the dysfunction of the oxytocin system. Thus, to establish
oxytocin as a treatment for individuals with ASD, there are
still a number of issues to be resolved. Beyond the clinical
trials described in this paper, basic studies will be necessary
for elucidating the mechanisms of the positive and negative
effects of oxytocin administration.

6. CONCLUSION

In this review, we covered studies examining oxytocin
administration to individuals with ASD. In clinical trials
involving such individuals, the results from RCTs investigat-
ing long-term oxytocin administration are inconsistent with
those of RCTs involving single-dose administration. Specifi-
cally, almost all single-dose and open-label studies of oxyto-
cin administration have reported positive effects; in contrast,
RCTs of long-term oxytocin administration have produced
equivocal findings. To alleviate this controversy, research to
identify the factors affecting oxytocin efficacy will be neces-
sary. We also emphasized that, although no study has re-
ported a severe adverse event, longer-term follow-up is re-
quired to confirm the safety of this hormone. Basic studies
are also necessary to elucidate the mechanisms of the posi-
tive and negative effects of oxytocin administration, in addi-
tion to the proposed clinical trials.
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LIST OF ABBREVIATIONS

ABC = Aberrant Behavior Checklist

ADOS-G = Autism Diagnostic Observation Schedule-
Generic

ASD = Autism Spectrum Disorder

CGI = Clinical Global Impression

CSF = Cerebrospinal Fluid

DANVA = Diagnostic Analysis of Non-Verbal Accu-
racy Test

fMRI = Functional Magnetic Resonance Imaging

I = International Units

RBS = Repetitive Behavior Scale-Revised

RMET = Reading the Mind in the Eyes Test

RCT = Randomized, Controlled Trial

SRS = Social Responsiveness Scale

TD = Typical Development

WHO-QOL = World Health Organization Quality of Life
Scale

Y-BOCS = Yale Brown Obsessive Compulsive Scale
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