Intranasal Oxytocin in Autism: Models, Pain and Oxidative Stress
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There is an increased interest in the current literature in how relevant the administration of oxytocin, mostly
by using its intranasal administration, could be in some neuropsychiatric disorders and especially in those
manifesting a deficit at their sociability level. These aspects made the possible usage of oxytocin as extremely
attractive for some management and treatment solutions in the autistic pathology. Thus, we are describing
here some original data and current literature status on how oxytocin could help pathophysiological autistic
manifestations in both animal models and human patients, by mainly focusing on some specific behavioural
or pain manifestations and related oxidative stress status.
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Lately there is an increased awareness in how relevant
the administration of oxytocin (mostly by using the
intranasal route) could be in some neuropsychiatric
disorders and especially in those manifested partially by a
deficit in their social manifestations [1-3]. In this way,
although its social effects are known for quite some time
[4], this neuropsychiatric target is actually a new approach
for this peptide, classically known for its effects on
stimulating lactation and parturition [5].
Thus, the administration of intranasal oxytocin, which
will theoretically reach the brain through some various
previously described ways [6, 7] seems to exert promising
effects in disorders such as schizophrenia [1, 8], anxiety
and depression [9, 10], Prader Willi syndrome [3],
frontotemporal dementia [11] and of course autism [2,
12, 13].
In fact, there is a variety of studies demonstrating some
interesting effects of intranasal oxytocin on the autistic
pathology. Probably the most influential study group in this
area of research is represented by the one lead by Prof.
Adam Guastella in the Autism Clinic for Translational
Research/Brain and Mind Centre in Sydney. Thus, firstly this
group demonstrated for the first time in the literature in
2010 that the administration of 18 or 24 International Units
(IU) of intranasal oxytocin (single dose and a placebo nasal
spray one week apart) in a double-blind, randomized,
placebo-controlled study on 16 boys (from 12 to 19 years
old of age) with autism spectrum disorders resulted in
improved performance on the Reading the Mind in the Eyes
Task, also with a more prominent effect on the easy items,
as compared to the hard items of the test, where no
significant effects were reported versus placebo [12].
Still, there were previous publications in this area of
research, such as the one of the Hollander group, which
showed reduced repetitive behaviours (e.g. need to know,
repeating, ordering, need to tell/ask, self-injury and
touching) in adults with Asperger’s disorder and autism
(n=15) [14], as well as some increase in social cognition,
manifested by a superior comprehension of affective
speech in neutral content sentences [15].
Subsequently, in a publication in 2016 the same
Guastella group showed in a five weeks double-blind,
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randomized, placebo-controlled, crossover study on 31
children with autism, that 24 IU intranasal oxytocin per
day (12 in the morning and 12 in the night), with a 4-week
washout, results in clear improvements in the primary
outcome as given by the caregiver social responsiveness
[13].
Of course, all these results are extremely promising in
raising the possibility that intranasal oxytocin could be used,
in fact, on a larger scale, in the near future as a
complimentary treatment option in the autistic pathology,
considering also the clear lack of an effective treatment
interventions in this disorder right now.
On the other side, there are very well design studies
demonstrating that actually things are much more
complicated in this area of research and demonstrating
no significant effects of intranasal oxytocin administration
in autism, such as the one lead by Prof. Dadds [16] also in
Australia, which included 38 children with autism (from 7
to 16 years old) receiving 24 or 12 international units
(depending on weight) intranasal oxytocin or placebo,
administrated only during the specific parent-child
interaction training sessions, once daily over 4 days
consecutively. In this way, the Dadds report stated that
there are actually no differences in the effects of intranasal
oxytocin vs. placebo in terms of emotion recognition, social
interaction skills and general behaviour [16].
Another worth to mention example in this context, could
be represented by the study of Anagnostou et al. [17] which
showed in 19 adults (average of 33 years old) with autism
spectrum disorders that after 24 IU of intransal oxytocin
there were no modifications in parameters such as social
function and cognition (the Diagnostic Analysis of
Nonverbal Accuracy) or repetitive behaviors (Repetitive
Behavior Scale Revised), while still on aspects such as
Social Responsiveness Scale, Reading-the-Mind-in-theEyes Test and the Yale Brown Obsessive Compulsive Scale
there were improvements especially after 6 weeks, in
terms of social cognition and quality of life, as measured
by World Health Organization Quality of Life Questionnaire.
The reasons for all these discrepancies and controversial
results could be represented by a variety of factors ranging
from doses used to the age of patients used, as well as the
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individual variability and the small number of patients
selected, and were reviewed quite extensively before such
as in the paper of Lee in 2015 [18], and with reports also
describing and trying to standardize how the intranasal
administration should be methodologically performed [19].
Besides this, almost all studies mentioned above
reported no serious side effects as a result of the various
dosage of intranasal oxytocin in the pathology of autism
(e.g. these were mainly represented by thirst, urination and
constipation-[13]), which could be quite important for the
further use of this peptide as an effective autistic treatment.
Also, another aspect worth mentioning here is
represented by the pain perception in autistic pathology,
which is known to be quite a problem, especially
considering that now the classical theories stating that
most of the ASD patients have lowered or even abolished
sensitivity to pain [20, 21], are questioned and challenged
heavily to this date [22-24], since oxytocin was previously
cited as having some interesting analgesic effects [25, 26].
Thus, considering the interests of our group in most of
the neuropsychiatric disorders, pain [27, 28] and lately
oxytocin, we are planning to further study these aspects in
the autistic pathology, by using some rodent models of
autism, as we are going to insist in the next section of our
mini-report.
Experimental part
Regarding the animal models, and especially when we
talk about the animal models mimicking the complex
human neuropsychiatric disorders symptomatology, we
should state from the beginning that there is impossible to
perfectly replicate an animal model for a neuropsychiatric
disease [29].
In this way, most of the models for these disorders are
based on manipulating some neurotransmitters or affecting
brain areas which are fundamental in that pathology (by
using for example neurosurgery methods – [30]), or
involving various behavioural tests [31] and deleting/
altering some essential genes in those deficiencies.
Of course, the usage of the animal models has some
advantages, such as being easier to obtain, maintain and
handle, less expensive and displaying increased
reproductive series [29]. In this way, various animal models
of schizophrenia (based for example on ketamine,
methionine or phencyclidine administration), Alzheimer’s
disease, Parkinson’s disease (e.g. – by administrating
dopaminergic toxins such as 6-OHDA [32, 33] or MPTP
[34] straight into the substantia nigra by neurosurgery),
depression (e.g. the usage of forced swim test – [35]),
anxiety (the usage of elevated plus maze – [36,37]) and of
course autism (as we were going to insist immediately)
were design based on genetic, behavioural or specific
neurotransmitters manipulations [29].
Regarding the animal models of autism, these are even
trickier to develop (of course we cannot replicate feelings
in rats!), and they are mainly based on replicating two
fundamental behavioural factors of the disorder: the social
interaction and the repetitive behaviours [38-40], as well
as manipulating the genes known for being implicated in
some degree in the autistic pathology [41-43].
In this way, perhaps one of the most important
behavioural models of autism is based on the perinatal
administration of the antiepileptic valproic acid, considering
that it is known for quite some time that the administration
of this drug during pregnancy increases very much the risk
for autism [44]. Thus, it was firstly showed by Rodier group
that the administration of an increased dose (350 mg/kg)
of valproic acid around the 12th day of gestation (they firstly
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tried 11.5, which is actually the day of neural tube closure,
day 12 and day 12.5 gestation) are affecting the number of
neurons in the cranial nerve motor nuclei [38]. It was later
confirmed that this procedure, performed exactly in the
12.5 day of gestation is resulting in the a range of autistic
behavioural manifestation, such as reduced social
interaction, repetitive and stereotypical locomotor
manifestations, lower sensitivity to pain, increased anxiety,
depression and some social memory deficits [40,45,46],
as well as anatomic manifestation related to cerebellar
abnormalities, decreased Purkinje cells in the vermis,
deficits in synaptic plasticity, reduced prefrontal
dopaminergic activity, alterations in the endocannabinoid
system and cranial nerve motor nuclei deficits [47-50],
especially when given at the higher doses of 500 or usually
600 [51, 52].
In addition, we have to mention that especially for the
social behavioural manifestations in this model, specific
behavioural tasks were design with a special focus of the
one proposed by the Crawley group, which showed that
this could tested in a three-chambered apparatus which
gives the rodent a choice between a familiar environment,
a novel environment, and a novel environment containing
a stranger individual, as well as the usage of T-maze and
water-maze tests for repetitive and stereotypical
manifestations or specific equipments designed to record
the vocalisation degree between these pups with autism
[53].
Thus, when it comes to the relation between oxytocin
and this valproic acid-induced rat model of autism, there is
only one study available in literature, according to our best
of knowledge, by Štefanik et al. [54], which showed that
actually valproic acid perinatal administration results in
increased sociability and gene expression of oxytocin and
its receptor.
In addition, there are a few studies designed to see the
effects of intranasal oxytocin administration in some
genetic rat models of autism. The Bales group [55] showed
for example that in the BTBR T+ Itpr3tf/J inbred strain,
which was previously characterized behaviourally by low
sociability and increased repetitive behaviours, the
administration of 0.8 IU/kg intranasal oxytocin for 30 days
results in unclear manifestations over the autistic
behavioural manifestations, with no significant effects in
tests such as three-chambered social approach, juvenile
reciprocal social interactions, open-field, repetitive
grooming or some conditioned memory, except for sniffing
behaviour in the social interaction test [55].
In addition, the group of Teng [56] previously showed
that also the peripheral oxytocin administration for a few
weeks can rescue some social deficiencies, as measured
one day after the final dosage administration, in another
two genetic models of autism (e.g. BALB/cByJ and C58/J)
[56].
Even more, the same group later confirmed these results
in adults C58/J mice, which after 2 weeks oxytocin
treatment displayed increased social behaviour [57]. Even
more, in the same study, another genetic model of autism
(male Grin1 knockdown mice) showed clear pro-social
effects after oxytocin administration, with these effects
being superior to classical drugs such as clozapine (66
mg/kg/day) or risperidone (2 mg/kg/day) [57].
Coming back, to VPA model, we should also mention
here that oxidative stress metabolism could also represent
an important factor in the valproic acid expressed autisticlike effects in this model (as proposed by Mabunga et al. in
their review in 2013 [46], where they are stating that
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valproic acid could generate embryonic/fetal deficiencies
mediated also by the reactive oxygen species).
In fact, it was previously showed in humans, at in least
in 2 studies, that valproic acid in children with epilepsy is
increasing oxidative stress status, in the urine (through the
measuring of isoprostanes) [58] and in the blood
(decreased levels of vitamin E and increased
malondiadehyde) of overweight children with epilepsy (but
not in non-obese epileptic children), after one year of
valproic acid treatment [59], while Chang and Abbott
showed that oxidative stress may be an important of
valproic acid generated hepatotoxicity [60].
Still, this is also a controversial area of research, since
some other groups showed for example that small dosages
of valproic acid (e.g 1- 10 mg/kg) could attenuate some
memory deficits induced by neurotoxin trimethyltin in
Morris water maze and passive avoidance task, by a
possible antioxidant effect, as opposite to the pro-oxidant
effects of the trimethyltin (manifested as increased levels
of MDA and decreased thiol concentrations in the brain)
[61].
In fact, there are previous studies demonstrating that
even the perinatal exposure to valproic acid and the
generation of the rat model of autism, with its novel object
recognition deficits and hippocampal dendritic loss, can
be rescued by 5 weeks of VPA treatment (30 mg/kg),
starting at the age of 4 weeks [62], while also the perinatal
model generated by valproic acid administration does
increase synaptic plasticity in prefrontal cortex, suggesting
some mechanisms for this pathology [63].
While of course, the influence of the oxidative stress
status in most of the neuropsychiatric disorders is lately
gaining a lot of attention with the reactive oxygen species
being cited as having important implications in most of
the neurological [64, 65] or psychiatric disorders [66, 67],
things are not different in autism, where it was previously
demonstrated through systematic reviews and metaanalysis that oxidative stress could be implicated in autistic
pathology, with special focus on glutathione metabolism
[68, 69] or in relation to mitochondrial dysfunction [70]
and inflammation [71].
In fact, previous groups showed also in the animal model
of autism based on the valproic acid perinatal
administration that the administration of some products
or drugs which could exert some antioxidant actions are
reducing the behavioural deficits associated with the
respective model. Thus, Al-Amin group [72] demonstrated
that astaxanthin, described by the authors as being 500
times more potent antioxidant then á-tocopherol, is

reducing behavioural deficits and increased oxidative
stress status in valproic acid induced model of autism, while
other groups showed similar effects, including
histopathological changes, for a combined Extract of Purple
Rice and Silkworm Pupae [73]. In addition, related or not
to oxidative stress status, several other products were
demonstrated to rescue also the anatomic, behavioural
(Korean Red Ginseng – [74,75]) and cognitive deficits
(bumetanide – [76]) in the aforementioned perinatal
valproic rat model of autism.
As stated above, for example the Morakotsriwan group
[73], which worked on the Purple Rice and Silkworm Pupae
extracts, clearly showed these increase oxidative stress
status in the VPA induced perinatal model of autism,
demonstrated by a significant decrease in the specific
activity of the all the three antioxidant enzymes: superoxide
dismutase, glutathione peroxidase and catalase, as well
as an increase of the malondialdehyde concentration, as a
main marker of the lipid peroxidation processes [73].
Results and discussions
Our research group previously demonstrated that the
perinatal administration of the valproic acid in rats could
result in increased oxidative stress status in the temporal
lobe of weaning pups born from rat-female which received
valproic acid, as demonstrated by a significant (p < 0.05)
decrease of glutathione peroxidase specific activity (fig.
1) and an increased (p < 0.001) in the temporal lobe
concentration of malondiadehyde (fig. 2).
Moreover, our research group also recently
demonstrated that probably by its antioxidant effects [77],
the administration of intranasal oxytocin for 10 consecutive
days (20 IU) will result in reduced memory, anxiety and
depression-related deficits in a valproic acid-induced rat
model of autism [78].
Also, regarding pain, while there is of course a correlation
between pain and oxidative stress status [79, 80], the study
of pain in the autism models showed some interesting
results, as for example the Schneider group demonstrated
similar results to those in humans, mainly expressed of
course as a reduced general pain sensitivity [40], tested in
tail flick test (e.g. for spinal pain) and paw withdrawal task
(use for supraspinal pain), plus an increased sensitivity to
non painful stimuli [40]. In addition, similar aspects
regarding decreased reactivity to thermal nociceptice
stimuli were previously described in a BTBR T+tf/J genetic
mouse model of autism [43].
Moreover, some antioxidants applied in the VPA model,
which were described above, seems to improve this pain-

Fig. 2. The effects of perinatal administration of the valproic acid
Fig. 1. The effects of perinatal administration of the valproic acid
(VPA) in weaning pups born from rat-female which received
(VPA) in weaning pups born from rat-female which received
valproic acid on malondiadehyde concentration from the temporal
valproic acid on glutathione peroxidase specific activity from the
lobe. The values are mean± S.E.M. (n = 13 per control group and
temporal lobe. The values are mean± S.E.M. (n = 13 per control
n = 7 for VPA group). **p > 0.01 vs. control
group and n = 7 for VPA group). *p > 0.05 vs. control
http://www.revistadechimie.ro
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related behavioural manifestations of these animal models,
as for example astaxanthin reduced the latency to foot
withdrawal in the hot-plate task [72], while the
Morakotsriwan [73] specific extract of purple rice + pupae
of silkworm did not significantly affected pain
manifestations in this VPA model, by using the same hotplate test.
Thus, considering these discrepancies, but also the
aforementioned effects of oxytocin, our group is also
working right now in trying to understand the effects of
intranasal oxytocin on pain manifestation in the perinatal
valproic acid-induced rat model of autism, an area of
research with warranted future relevance, especially
considering the effects of oxytocin in pain perception [25,
26].
In fact, it is worth mention that right now there are
clinical studies undergoing the usage of intranasal oxytocin
as a possible treatment in patients in persistent pain (e.g.
pelvic pain- phase 3), such as the one lead by Campbell et
al. group from the University of Calgary [81].
Conclusions
There is an increased interest lately in understand the
possible relevance of oxytocin as a possible treatment
solution in the autistic pathology. In this way, we described
here some original data and current literature on how
oxytocin could help pathophysiological autistic
manifestations in both animal models and human patients,
by mainly focusing on some specific behavioural or pain
manifestations and related oxidative stress status. Future
directions in this area of research could also include,
including the efforts of our group, a better understanding
on pain and oxidative stress manifestations, as a result of
intranasal oxytocin administration in the autistic pathology.
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