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Background

The use of oxytocin (OXT) as a biomarker of autism spectrum disorder (ASD) and
its role in the pathophysiology of ASD is still controversial and not straightforward.
Objective

To evaluate, the association of ASD risk with OXT concentration and the expression
of its receptor (OXTR) mRNA in a group of children with autism, in addition, to
investigating the influence of OXT and OXTR on the status and severity of the
disorder in the study ASD group.

Patients and methods

This study included 30 children diagnosed with ASD, representing the cases group,
and a comparable 30 neurotypical children with matched age and sex as a control
group. After detailed history taking, pedigree construction, and clinical examination
to exclude recognizable syndromes, OXT level and OXTR gene expression were
assessed in all included children.

Results and conclusion

The OXT level in autistic cases was significantly lower than in controls (P=0.0001).
Also, the fold change of OXTR was significantly lower than controls (P=0.01).
Receiver operating characteristic curve analysis showed that at a cut-off point of
less than 0.2806, OXTR showed reasonable diagnostic performance with
sensitivity, specificity, positive predictive value, and negative predictive value of
53.33, 78.2, 72.7, and 63.2, respectively (P=0.0067). At a cut-off point of less than
or equal to 119 pg/ml, the OXT level showed good diagnostic performance with
sensitivity (86.67%), specificity (76.67%), positive predictive value (78.8%), and
negative predictive value (85.2%) (P<0.0001). Our results proved the potential role
of OXT plasma measurements and gene expression in diagnosing ASD at optimal
cut-off values. These results support the use of OXT as a biomarker for ASD and
also as a possible therapeutic option to improve the social behavior of ASD children.
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Introduction
A complex

collection

of neurodevelopmental

improving diagnostic protocols [6]. The prevalence of

ASD is about one in every 100 children worldwide [7].

abnormalities known as autism spectrum disorder
(ASD) is typified by restricted behaviors/interests
and deficits in social communication and language
[1,2]. ASD-diagnosed individuals may also exhibit a
wide range of behaviors, such as impulsivity,
aggression, self-harm, anxiety, hyperactivity, and
tantrums [3]. ASD characteristics appear from early
childhood before the age of two, even if these are not
obvious until later in childhood. ASD is a disorder with
a complex multifactorial etiology.
discoveries have been made in the past 10 years
about genetic, epigenetic, organic/immunological
deficiencies, and chemical/environmental loads as
evident etiology of ASD [4,5]. The prevalence of
ASD has been steadily increasing over the past 20

years, that could be due to increased awareness and

Significant

© 2025 Egyptian Pharmaceutical Journal | Published by NIDOC

Hypothalamic neuropeptide oxytocin (OXT) plays an
important role in social salience and motivation [8].
Through direct neuronal modulation, neural network
activity regulation, and interaction with other
neurotransmitter systems via the single oxytocin
receptor (OXTR), OXT controls social behavior.
The brain expresses OXTR-mRNA widely and
diffusely, with some regions showing especially
strong expression [9]. OXT and its receptor gained
a great research attention to modulate social behavior
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across species, including humans. According to the
literature, convincing results explained the OXT
involvement in the etiology and treatment of
psychiatric  disorders, including ASD [10]. The
diagnosis of ASD usually takes place by a pediatrician,
child psychiatrist, or clinical psychologist with
experience in the area of ASD [11,12]. In addition,
there is a necessity to identify biomarkers for early
detection and even individualized intervention of
children with ASD. OXT measurement and mRNA
expression of its receptor OXTR could provide an easy
and cost-effective biomarker in ASD diagnosis,

especially at the early childhood.

Recent data suggested that signaling dysregulation of
OXT, as well as OXTR, have been associated with
ASD; however, these data are still not fully understood
[13]. Accordingly, the present study aimed to evaluate
the association of ASD risk with the expression of
OXTR-mRNA and OXT concentration in a group of
selected children with ASD compared to normal
developing control children of matched age range
and sex, in addition to investigate the influence of
OXT and OXTR on the status and severity of
disorder in the study ASD group.

Patients and methods

Thirty patients (25 males and five females) were
included in the current study aged 3-12 years old
and diagnosed with nonsyndromic ASD according
to 5th Edition of Diagnostic and Statistical Manual
of Mental Disorders (DSM) [1]. Childhood Autism
Rating Scale (CARS) [14] was applied to evaluate
ASD severity. All ASD participants were referred to
the Outpatient Clinic of Neuro-Rehabilitation &
Learning Disabilities, Medical Research Center of
Excellence, Research on Children with Special
Needs Department, Medical Research and Clinical
Studies Institute, National Research Centre (NRC).
A comparable group included 30 neurotypical
volunteer children (24 males and six females) with
matched ages and sex were enrolled in the study as a
normal developing control group.

All procedures are performed in accordance with the
latest version of the Helsinki Declaration of 1975. In
the present study, the parents of all participants signed
informed consent. The study was performed according
to the ethical regulations of the National Research
Centre, Egypt, and the ethical guidelines of the
Medical Research Institute, Alexandria University,
Egypt, the ethical approval number (E/C. S/N.
T32/2020-I0RG0008812).

Patients with conspicuous metabolic or progressive
neurological disorders and other causes of mental
retardation or delayed language development were
excluded from the study. Also, we ruled out patients
with a family history of autism, patients with any
karyotype abnormality or syndromic cases, in
addition to patients with any neurological post-
vaccination complication.

All children were subjected to detailed history taking,
pedigree construction, and clinical examination
to exclude recognizable syndromes. In addition,
cytogenetic study; karyotyping (when indicated), brain
imaging, electroencephalography, intelligence quotient
(IQ) testing, extended metabolic screening, and heavy
metal screening were performed when indicated to
exclude any other developmental disorders.

Biochemical analysis

Samples collection

Two blood samples (4 ml) were collected from each
participant in the study between 10 a.m. and 3 p.m. in
5-ml vacutainer tubes containing potassium EDTA.
The first sample (2 ml) was centrifuged at 1900 g for
20 min for plasma isolation. Plasma samples were kept
at -80°C until processing. The second whole blood
sample (2ml) was processed immediately for RNA
isolation using Trizol (Ambion, Life Technologies,
Carlsbad, CA, USA), according to supplier’s
instructions. For further analysis, the extracted RNA
samples were stored at -80°C.

Oxytocin measurement
The concentration of OXT was measured for each
participant in plasma samples using human OXT

ELISA kits (SinoGeneclon, HangZhou, China),
according to the supplier’s instruction.

Molecular biology analysis

The reverse transcription reaction was carried out using
RevertAid First Strand cDNA Synthesis Kit (Thermo
Fisher Scientific, Vilnius, Lithuania), following the
manufacturer’s instructions, total RNA concentration
was 2pg in SimpliAmp Thermal Cycler (Applied
Biosystems, Thermo Fisher Scientific, Singapore).
Gene expression level of the mRNA of the OX7R
gene in the blood of the selected participants was
carried out using Maxima SYBR Green qPCR
master mix (2x) (Thermo Fisher Scientific, Vilnius,
Lithuania) in 25-pl total reaction volume. The primers
sequences are; Forward, 5-CTG AAC ATC
CCGAGG AAC TG-3’ and Reverse 5-CTC TGA
GCC ACT GCA AAT GA-3'[15]. The mRNA for



the OXTR gene was normalized to the control gene
p-actin (housekeeping gene). The thermal cycler
profile was 40 cycles of denaturation for 15s at
95°C, annealing for 30s at 60°C, and extension for
30s at 72°C in the quantitative real-time PCR (qRT-
PCR) (DNA Technology, Moscow, Russia) [16]. Fold
change was calculated using the 2744 €9 method [17].

Statistical analysis

Data were analyzed using the statistical package for the
Social Sciences (SPSS), version 22 (IBM SPSS
Statistics for Windows, Armonk, NY: IBMCorp,
USA). Using the Kolmogorov—Smirnov  test,
quantitative data that are not normally distributed
was summarized by median as measures of central
tendency and range as measures of dispersion while
for quantitative normally distributed variables, we
summarized it using mean and SD. Frequencies and
percentages were used to describe the categorized
variables. To study the significant association
between two categorical variables and to detect
significant  differences in median quantitative
variables between the two groups, the y* test and
Mann-Whitney test were used, respectively.

Results

As shown in Table 1, the selected individuals’ age range
was from 3 to 12 years old, the median of their age was
7 and 5 years. Males constituted the majority in both
groups (83.3% and 80%). Positive consanguinity was
found in 43.3% of the cases. The mean maternal and
paternal age at the time of the cases’ pregnancy was
33.3+6.3 and 37.6+7.2, respectively. The onset of
symptoms at the age of 1-2 years and 2-3 years was
in 76.7 and 23.3% of the cases, respectively.

According to the detailed history of the ASD cases we
included the ASD cases who delivered at full term and

Table 1 Demographic characteristics of study groups
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average birth weight. All cases received a routine
vaccination schedule without any neurological post-
vaccination complications. Their natal history revealed
that the cesarean section delivered 70% of the cases,
while 30% were delivered by vaginal delivery. Only one
case with in-vitro fertilization, no neonatal Intensive
Care Unit (ICU) admission was applied that excludes
any secondary causes of developmental delays, such as
oxygen deprivation, severe neonatal jaundice,
congenital infection, or metabolic disturbance. There
was no history of maternal infection during pregnancy.
Five cases with positive family history: one case with a
brother with delayed language development, two cases
with second-degree and third-degree relative with
Down syndrome, one case with a cousin with
cerebral palsy, and one case with a third-degree
relative with mental retardation.

The associated symptoms were seizures (16%), with
associated  electroencephalographic  abnormalities
(13.3%). Brain imaging (MRI) was done on 24 cases
out of 30, and only three cases were found (mild
hypoplasia ~ of  corpus  callosum, areas of
demyelination, wide cistern Magna). Heavy metal
analysis was done in 33.3% of cases, reflecting
abnormalities in aluminum, zinc, selenium, and
nickel. Karyotyping was done in almost 50% of the

cases, and all were free (Table 2).

According to CARS scores, the autistic cases were
classified as mild ASD (CARS score: less than or
equal 33) (21 cases, 70%), moderate ASD (CARS
score: 34-36) (nine cases, 30%), and severe ASD
(CARS score: greater than 36): no cases found in
our study. According to IQ, 26.7% of autistic
children had an IQ_less than 70, 36.7% of cases
with IQ_between 70 and 79, and 36.7% of cases
with IQ_between 80 and 89. Figure 1 illustrates the
variation of IQ_and its relation with CARS severity

Demographic characteristics ASD (N=30) Controls (N=30) Test of significance (P)
Sex n (%) n (%)
Female 5 (16.7) 6 (20) 7?=2.43, P=0.119
Male 25 (83.3) 24 (80)
Age of children (years)
Mean+SD 6.8+2.1 6.15+2.6 U=585, P=0.08
Median (minimum—-maximum 7 (4-11.6) 5 (3-12)
Mother age (years)
Mean+SD 33.3+6.3 35.3+3.3 U=264, P=0.004*
Median (minimum—maximum) 32 (26-57) 36.5 (28-42)
Father age (years)
Mean+SD 37.6+7.2 33.2+3.4 (U=650, P=.007%)
Median (minimum-maximum) 36 (27-64) 34 (27-40)

2% 42 test; ASD, autism spectrum disorder; U; Mann-Whitney. “P value less than or equal to 0.01.
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Table 2 Descriptive statistical analysis of history and clinical
data of autism spectrum disorder cases

Clinical data of ASD cases n (%)
Age of milestone affection (months)
12-24 23 (76.7)
24-36 7 (23.3)
Developmental delay
Cognitive 21 (70.0)
Social+language 19 (63.3)
Motor 1(3.3)
GDD 1(3.3)
Associated symptoms
Seizures 5(16.7)
EEG abnormalities 4 (13.3)
MRI abnormalities 3(10.0)
Heavy metal analysis abnormalities 10 (33.3)

ASD, autism spectrum disorder; EEG, electroencephalography;
GDD, global developmental delay.

among ASD cases. These results are represented in
Fig. 1.

The OXT level in ASD cases was significantly lower
than controls with a median of 87 (53-268), and 177

Figure 1

(62-231), respectively (P=0.0001). Also, the fold
change of OXTR (Table 3, Figs 2 and 3) was
significantly lower than controls with a median of
0.28 (0.07-5.5) and 1.39 (0.01-67.03), respectively
(P=0.01).

The diagnostic values of the fold change of OX7TR
gene and OXT levels (in prediction of ASD are
presented in Fig. 4 and Fig. 5; respectively). At a
cut-off point of less than 0.2806, OXTR showed
reasonable diagnostic performance with sensitivity,
specificity, positive predictive value, and negative
predictive value, of 53.33, 78.2, 72.7, and 63.2,
respectively (P=0.0067). At a cut-off point of less
than or equal to 119 pg/ml, the OXT level showed
good diagnostic performance with sensitivity
(86.67%), specificity (76.67%), positive predictive
value (78.8%), and negative predictive value (85.2%)
(P<0.0001) (Table 4). There is no statistically
significant difference between the diagnostic ability
of OXTR fold change versus OXT level in the
prediction of ASD (P=0.08), as both with high
specificity and sensitivity (Fig. 6).
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Autism spectrum disorder (ASD) cases severity related to intelligence quotient (IQ) level.

Table 3 Comparison between the study group regarding fold change of oxytocin receptor gene expression.

Parameters ASD (N=30) Controls (N=30) P value
Fold change of oxytocin receptor gene expression
Median (minimum-maximum) 0.28 (0.07-5.5) 1.39(0.01-67.03) U=280, P=0.01*

Oxytocin level (pg/ml)

Median (minimum—maximum) 87 (53—-268)

177 (62-231) U=136, P=0.0001*

ASD, autism spectrum disorder. *P value less than or equal to 0.01.
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There was a significant correlation between the fold
change of the OX7TR gene and the OXT level
(P=0.039) in autistic cases, while this correlation
was insignificant in the controls (P=0.055).

We did not find any significant correlation between
OXT level and fold change of OX7R, with each
parameter of CARS in ASD group, except for a
significant correlation of OXT level and fear or
nervousness  (P=0.032). Also, no significant
statistical difference between the severity of ASD or

Figure 3

1Q_deterioration with the level of OXT or the fold
change of OXTR gene expression values was reported
(P=0.397, 0.594, 0.18, 0.95, respectively) as presented
in Table 5.

Discussion

ASD is a disorder with complex etiology which
includes genetic, epigenetic, and environmental.
According to the clinical history of the ASD group,

the cesarean section delivered is 70% of the cases. This
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Comparison between the study groups as regard to fold change of oxytocin receptor gene expression.
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Figure 4 Figure 5
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Diagnostic ability of fold change of oxytocin receptor (OXTR) gene
expression in prediction of autism spectrum disorder (ASD).

Table 4 Diagnostic ability of fold change of oxytocin receptor gene expression and oxytocin level in prediction of autism
spectrum disorder

Parameters AUC P value Cut-off Sensitivity Specificity PPV NPV
(95% Cl) point (95% ClI) (95% Cl) (95% ClI) (95% ClI)
Fold change of oxytocin receptor 0.69 0.0067*  <0.2806 53.33 78.2 72.7 63.2
gene expression (0.559-0.804) (34.3-71.7) (61.4-92.3) (49.2-89.6) (46.0-78.2)
Oxytocin level (pg/ml) 0.85 <0.0001* <119 86.67 76.67 78.8 85.2
(0.73-0.92) (69.3-96.2) (57.7-90.1)  (60.8-91.2) (65.8-95.9)

AUC, area under the curve; Cl, confidence interval; NPV, negative predictive value; PPV, positive predictive value. *P value less than or
equal to 0.01.

result is in agreement with Al-Zalabani ez a/. [18], who  cesarean section delivery and reduced plasma levels
found an association between cesarean method of  of OXT in ASD children than that of neurotypical
delivery and autism. These results support the  peers, as we found in the current study. OXT is
concept of avoiding unnecessary planned cesarean  secreted in pulses during normal birth and increased
section delivery. In addition, they associated the  gradually to its peak in the first hour after birth.

Figure 6
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Comparison between diagnostic ability of fold change oxytocin receptor gene expression versus oxytocin level in prediction of autism spectrum
disorder (ASD).




Oxytocin and autism spectrum disorder Hashish et al. 128

Table 5 Relation between fold change of oxytocin receptor gene expression and oxytocin level and intelligence quotient and

Childhood Autism Rating Scale

Parameter Fold change Test of significance Oxytocin level (pg/ml) Test of significance
of OXTR gene (P value) [median (minimum-maximum)] (P value)
[median (minimum-maximum)]

1Q
Extremely Low (N=8) 0.80 (0.07-2.24) H=0.083, P=0.95 104 (53—-268) H=3.4, P=0.18
Borderline (N=11) 0.28 (0.08-5.5) 84 (58-145)
Low average (N=11) 0.28 (0.065-2.4) 74 (63-167)

Severity of ASD
Mild (N=21) 0.26 (0.06-3.6) U=106.5, P=0.594 84 (53—-173) U=114, P=0.397
Moderate (N=9) 0.52 (0.07-5.5) 96 (58—268)

ASD, autism spectrum disorder; H, Kruskal-Wallis test; OXTR, oxytocin receptor; U, Mann-Whitney test.

Moreover, OXT dysregulation has been proposed to
affect the brain development of infant [18].

As it is not easy to employ OXT as an ASD biomarker
[19], this study aimed to evaluate the association of
ASD risk with OXTR expression and OXT hormone
level in a group of ASD participants compared to
neurotypical children, as well as to investigate their
effects on the status and the intensity of the disorder in
a group of ASD children.

Here, we contribute a crucial developmental aspect to
the developing understanding of the connections
between variability and  the
oxytocinergic system. In the present study, there was a
significantly lower level of OXT among the autistic
group compared to controls (P=0.0001). Also, the
median fold change of OXTR was significantly lower
in cases than in controls (P=0.01). The potential of OXT
as a blood-based biomarker of ASD was shown using
receiver operating characteristic analysis. It was found
that the fold change of the OX7R and OXT levels can
significantly discriminate ASD cases (P=0.0067 and
P>0.0001, respectively). OXT had excellent area
under the curve values with strong specificity,
sensitivity, and accuracy indices. These findings
support the possibility that, at ideal cut-off values,
OXT plasma tests can be used to diagnose ASD.
Finally, there is no statistically significant difference
between the diagnostic ability of OX7R fold change
against OXT level in the prediction of ASD (P=0.08), as
they both were with high specificity and sensitivity.

social behavior

The results for lower OXT in our study agreed with
other studies. In a meta-analysis done with 31 studies
in 2021, John and Jaeggi [20] discovered compelling
evidence that OXT levels varied between neurotypical
people and children with autism (but not adults).
Reduced OXT levels in autistic children indicate
that the OXT system may have had a role in the
emergence or expression of ASD. In addition, OXT

levels were correlated with ASD symptom severity.
The initial meta-analysis on a considerably smaller
sample of studies indicated a suggestive difference,
which is supported and strengthened by the previous
results in 2016 [21] Also, compared to controls,
children with ASD have reduced endogenous OXT
levels; however, in adolescents and adults, this effect
appears to be negligible [22]. Subgroup differences,
developmental variables, or variances in intellectual
development can all be responsible for variations in

OXT levels between age groups [13].

Furthermore, these findings conflict with those
indicating elevated OXT in individuals with ASD as
Jacobson e# al. [23] revealed that, in comparison to
controls, patients with ASD had higher OXT levels.
Compared to controls, children with autism showed
noticeably greater levels of mRNA for stimulatory G
proteins.

In a Chinese study by Yang ez al. [24], serum OXT
levels were higher in ASD participants than in controls,
and there was a positive correlation found between
serum OXT levels and the “adaptation to change score”
of CARS evaluation and CARS total scores. In order to
detect their social deficits, they went on, people with
ASD may show dysregulation in OXT based on
modifications in OXTR gene expression and
environmental changes that affect the oxytocinergic
system.

In a case—control Iraqi study, in the context of ASD
patients, peripheral OXT levels and genetic changes in
OXTR may serve as biomarkers of social functioning.
After classifying patients with ASD into severity
groups, notable variations in OXT levels, OXTR
(rs2268491, C/T) genotype, and allele distributions
that may be sex-dependent were observed [25].

In a study published in 2016, in comparison to the
matching neurotypical control children, they
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discovered that pediatric patients with ASD had
considerably higher serum OXT levels. That study’s
stratified ASD population showed that the mild
subgroup had the greatest OXT levels, while the
severe group had the lowest OXT levels. This
implies that individuals with milder ASD symptoms
may have developed a capacity to upregulate OXT
levels in order to make up for the OXTR
polymorphism-induced deficit in cerebral social

response skills [26].

Single nucleotide polymorphisms (SNPs) on the
OXTR gene have been found to be correlated with
irritability, social function, and aggression. Low CD38
expression and an absence of emotions have been
connected to SNPs on the CD38 gene that have
been translated from an animal model of ASD [27].
Two SNPs have been discovered to predict OXT
response in patients with ASD. One SNP is on the
CD38 gene, which codes for the transmembrane
protein involved in OXT secretion, and the other is
on the OXTR gene, which codes for the OXTR
[28,29].

We found no significant statistical difference between
the severity of ASD or IQ_deterioration with the level
of OXT or the fold change of OX7TR gene expression
values. In contrast, Kobylinska ez a/. [30] demonstrated
a negative relationship between the severity of ASD
and plasma OXT levels, supporting the involvement of
oxytocinergic mechanisms in ASD. In addition,
Carson et al. [31] found robust negative correlations
between anxiety symptoms in children and both plasma
and cerebrospinal fluid OXT concentrations. These
findings support the hypothesis that OXT plasma
levels in ASD could predict social adaptability.
Children with higher plasma OXT concentrations
might have a higher potential to respond to therapy.

However, there is evidence to support the hypothesis
that intranasal OXT (IN-OXT) may enhance
reciprocal social behaviors by improving social
orienting and the relevance of social rewards in
ASD. These findings also corroborate the link
between OXT and ASD [32,33]. On the contrary,
OXT had a small and nonsignificant impact on core
symptoms in the ASD population, according to a
meta-analysis published in 2019 [34]. As for the
reduction of core social symptoms in adult men with
ASD, Yamasue ez al. [35] concluded that longitudinal
IN-OXT alone at the same dose and duration is not
recommended. However, the results do not rule out the
possibility that intranasal administration of OXT

combined with behavioral interventions produces
clinically satisfying effects on the core symptoms of
ASD. On the other hand, the small sample size in the
current study is considered as a limitation of the study.
Future studies on a large sample size of children
containing different age groups are required to study
the effect of OXT on the severity and social behavior of
ASD cases and its sex differences. In addition, future
longitudinal studies are needed to assess the stability of
OXT and OXTR levels over time and their correlation

with symptoms severity.

Conclusion

We detected a statistically significant association
between plasma OXT levels and peripheral
transcriptional activity of the OX7R gene and ASD.
Our results proved the potential role of OXT plasma
measurements and gene expression in diagnosing ASD
at optimal cut-off values.

Our understanding of the impacts of the peripheral
OXT system is expanded by these findings, which also
offer new genetic prospects for investigations aimed at
unraveling the intricate etiology of ASD and its
relationship to OXT signaling.
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