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Abstract: Autism spectrum disorder (ASD) is a range of neurodevelopmental diseases characterized by social dysfunction and
stereotypic behaviors. The etiology of ASD remains largely unexplored, resulting in a diverse array of described clinical
manifestations and varying degrees of severity. Currently, there are no drugs approved by a supervisory organization that can
effectively treat the core symptoms of ASD. Childhood and adolescence are crucial stages for making significant achievements
in ASD treatment, necessitating the development of drugs specifically for these periods. Based on the drug targets and
mechanisms of action, it can be found that atypical psychotropic medications, anti-inflammatory and antioxidant medications,
hormonal medications, ion channel medications, and gastrointestinal medications have shown significant improvement in
treating the core symptoms of ASD in both children and adolescents. In addition, comparisons of drugs within the same
category regarding efficacy and safety have been made to identify better alternatives and promote drug development. While
further evaluation of the effectiveness and safety of these medications is needed, they hold great potential for widespread

application in the clinical treatment of the principal symptoms of ASD.
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1 Introduction

Autism spectrum disorder (ASD) is a collective
term for neurodevelopmental disorders characterized
by social and verbal communication dysfunction, nar-
row interests, and a lack of flexibility, accompanied by
stereotypic behaviors (Lord et al., 2018). ASD is fur-
ther associated with many non-core symptoms, in-
cluding anxiety, irritability, aggression, attention def-
icit and hyperactivity disorder, depression, epilepsy,
gastrointestinal (GI) and immune function disorders,
metabolic abnormalities, and sleep disturbances (Siafis
et al., 2022). Epidemiological studies estimate that
over 1% of the global population could be diagnosed
with ASD, whose prevalence is on the rise. Therefore,
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ASD has a significant impact on a large number of in-
dividuals around the world (Deb et al., 2020).

ASD patients exhibit distinct phenotypes with
varying degrees of severity, while significant individual
variability is present. Currently available medicinal
treatments cannot be universally applied to all ASD
patients, posing challenges for clinical pharmacotherapy
and the development of new drugs for ASD (Thom
et al., 2021). Despite this diversity, patients share the
same core symptoms; therefore, medications de-
veloped to target these core symptoms of ASD, which
are crucial for enabling individuals to integrate into
social life similarly to typical individuals, may be ap-
plicable to most patients. Thus, the treatment of core
symptoms is the cornerstone of ASD therapy.

Addressing the core symptoms of autism re-
quires identifying the underlying causes and matching
them with an appropriate treatment alternative. Mean-
while, the etiology of ASD is likely multifactorial, in-
volving genetic, neurological, immune, and environ-
mental factors, with the environment playing a major
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role (Lee et al., 2013). Environmental factors include
inflammation-related disorders in parents, parental
age, perinatal complications, and infections. In add-
ition, xenobiotics, gut microbiota, and autoimmunity
within the individual’s body have also been implicated
(Singhi and Malhi, 2023). From a therapeutic perspec-
tive, correcting mutations in the genome to treat ASD
is challenging, making potential interventions target-
ing environmental factors more practical (Rylaarsdam
and Guemez-Gamboa, 2019). Therefore, the primary
treatment approaches for ASD currently focus on medi-
cations and behavioral interventions, which are both
attractive and feasible strategies.

The core symptoms of ASD typically emerge be-
fore the age of three years in affected individuals. The
brain exhibits its highest degree of plasticity during
early childhood, making it more adaptable to environ-
mental stimuli (Kodak and Bergmann, 2020). Conse-
quently, early intervention has the potential to enhance
the development of essential social, communicative,
and cognitive skills in children with ASD. Most in-
fants with ASD can gradually learn to sit, crawl, and
walk. Thus, it is challenging for parents to recognize
delays in social and communication skills during the
first year. Additionally, relatively few families undergo
ASD-related screenings at birth, and infants are too
young to be tested for drug efficacy, limiting research
on drugs for this age group. Therefore, childhood and
adolescence are considered the optimal periods for
pharmacotherapy (Alsayouf et al., 2022). However,
there are currently no approved drugs for treating the
core symptoms of ASD during childhood and adoles-
cence, highlighting the need and urgency to expand
drug development efforts (Hirota and King, 2023).
For the above reasons, research on the potential and
efficacy of medications for treating the core symp-
toms of ASD in children and adolescents has become
a foremost priority.

2 Objectives

This review aims to systematically examine po-
tential effective medications for treating the core
symptoms of ASD in children and adolescents. We an-
alyzed the drug mechanism, results of clinical trials,
strengths and weaknesses of the drug, and possible
misuse of drugs from the standpoint of pharmacology,
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therapeutic cost, and ease of development. We com-
pared the efficacy and safety of similar medications
by identifying potential errors in clinical outcomes
and highlighting areas for improvement in clinical tri-
als. The primary objective is to advance the quality of
clinical trials and help establish standardized medica-
tion protocols for future studies. This paper intends to
serve as a valuable reference for the development and
clinical administration of medications designed to ad-
dress the core symptoms of ASD.

3 Methods

We conducted a comprehensive search for ran-
domized controlled trials and clinical trials in journals
and reviews published within the past five years in
the databases of Web of Science, Excerpta Medica
Database (Embase), MEDLINE, PsycINFO, China
National Knowledge Infrastructure (CNKI), The Jour-
nal of the American Medical Association (JAMA),
Clinicalkey, and PubMed. We used search terms such
as “autism spectrum disorder,” “pharmacology,” “treat-
ment,” “core symptoms,” and “medicine.” We focused
on the classifications under QV (Pharmacology) and
WM (Psychiatry) according to the National Institutes
of Health (NIH) system. We included all studies con-
ducted on children and adolescents younger than
18 years of age and published from 2019 to 2023 in Eng-
lish language. We excluded gray literature, books, let-
ters to editors, case articles, and conference proceed-
ings. The quality of the included articles was assessed
through manual review, including study design, effica-
cy and safety of the drug, and journal impact factors.
The co-primary outcomes of interest were medications
for core symptoms (social and verbal communication
dysfunction, narrow interest, and lack of flexibility)
in children and adolescents. Drugs with significant ef-
ficacy were eventually selected for analysis. In this re-
view, we analyzed and summarized existing literature
and did not involve any human or animal experimen-
tation. Therefore, ethical review or approval was not
required.

Approximately 900 studies were identified through
the database search. After excluding duplicate studies,
we manually screened articles by title and abstract
against the inclusion and exclusion criteria, and iden-
tified approximately 100 suitable articles. Subsequently,
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59 studies passed the quality assessment and were
finalized for full-text examination and analytical
discussion.

4 Analysis of medications related to the
treatment of autism core symptoms

Statistics show that 59.6% of diagnosed ASD pa-
tients have been treated with psychiatric medications
such as antipsychotics, attention-deficit’/hyperactivity
disorder (ADHD) medications, antidepressants, anti-
epileptic medications, or mood stabilizers (Siafis
et al., 2022). Although there are currently no medica-
tions approved by regulatory authorities specifically
for treating the core symptoms of ASD (Anagnostou,
2018), some medications have shown significant thera-
peutic effects on certain core symptoms of ASD in
preliminary trials.

4.1 Clinical trial screening results

Through comprehensive review, it has been found
that some medications can improve at least one core
symptom in children and adolescents with ASD. These
medications include risperidone, aripiprazole, fluox-
etine, omega-3 fatty acids, folate, sulforaphane, pred-
nisolone, cannabidiol (CBD), bumetanide, oxytocin,
and sequestrant AB-2004 (Panek et al., 2020). The re-
sults of the final paper selection are presented in
Table 1. The table includes information such as the
type and dosage of medication, type of study, number
and age of subjects, duration of treatment, measure-
ment tools, and trial outcome.

4.2 Classification of medications used to treat
autism

In this review, existing medications for ASD are
systematically categorized based on their drug targets
and mechanisms of action. The involved groups include
atypical psychotropic medications, anti-inflammatory
and antioxidant medications, and other medications.
The first two of the above have a well-established his-
tory in clinical application, supported by substantial
clinical evidence. On the other hand, recent advance-
ments have identified novel medications targeting po-
tential sources of ASD. Some of these novel agents
have shown good efficacy in improving the core symp-
toms of autism. For example, AB-2004 addresses GI

concerns, bumetanide modulates ion channels to influ-
ence y-aminobutyric acid (GABA) activity in neurons,
and oxytocin regulates hormone levels. These three
categories of medications primarily focus on distinct
biological mechanisms implicated in the onset of ASD,
addressing the various etiological factors. The initial
group primarily targets dysfunction in two neurotrans-
mitters (dopamine and serotonin), while the second
group targets oxidative stress and neuroinflammatory
responses, and the third group consists of classic but
repurposed medications. Initially developed for the treat-
ment of other disorders, these medications have been
identified as potentially associated with multiple ASD
etiological hypotheses. These include the excitatory-
inhibitory imbalance of glutamate and GABA (Siegel-
Ramsay et al., 2021), the gut-brain-axis hypothesis
(Srikantha and Mohajeri, 2019), and abnormalities
in brain structure and function (Ecker et al., 2015).
These drugs are expected to provide suitable, safe,
and effective interventions for children and adoles-
cents with ASD and are likely to be widely used in
clinical practice.

The above categorization facilitates a clear un-
derstanding of the specific ASD triggers that these
medications potentially target, contributing significant
evidence to the understanding of the underlying causes
of ASD. Moreover, it allows for the comparison of ef-
ficacy and safety among drugs within the same cat-
egory, with the aim of identifying improved alternatives
and advancing drug development; it also provides
a basis for the comprehensive evaluation of the ad-
vantages and disadvantages inherent to different medi-
cation categories. It can be discerned that certain medi-
cations have a pronounced impact on specific autism-
related complications, potentially opening the path
for tailored multi-drug combinations that align with
individual patient symptoms.

4.3 Atypical psychotropic medications

Risperidone and aripiprazole are atypical psychotic
medications acting as dopamine and serotonin recep-
tor antagonists in the treatment of ASD (Lord et al.,
2018). Compared with typical psychotropic medica-
tions like methylphenidate and haloperidol, atypical
psychotropic medications are more potent and cause
fewer side effects (Scala et al., 2023). Risperidone and
aripiprazole are the only medications approved by the
United States Food and Drug Administration (FDA)
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specifically for use in ASD children aged 5 to 16 years
(Alsayouf et al., 2022). Over time, they have become
standard medications for managing irritability and
related aggressive behaviors in ASD patients (Kom-
pella et al., 2022). In a Canadian study, it was found
that risperidone significantly reduced children’s irrit-
able behaviors by more than 50% and also mitigated
their hyperactivity (Pandina et al., 2007). Similarly,
a study in Dubai revealed that after taking risperidone
and aripiprazole, all children with ASD showed im-
provements in their core symptoms, and 60% of pa-
tients exhibited a complete remission of their symp-
toms associated with ASD (Alsayouf et al., 2021).
However, despite their effectiveness in alleviating the
core symptoms of ASD, these medications can lead to
various physiological adverse reactions, such as weight
gain, hyperprolactinemia, mild sedation, heart symp-
toms, and metabolic disorders (Anagnostou, 2018;
Cicala et al., 2020), which can significantly impact the
normal growth, development, and daily life of children.
While both risperidone and aripiprazole provide
some improvement in social dysfunction and repeti-
tive behaviors, the long-term and high-dose applica-
tion of these medications can lead to the above signifi-
cant side effects. Nonetheless, the side effects and
therapeutic effects may vary from person to person;
hence, close monitoring and regular follow-up of drug
users are necessary. Currently, clinicians rely solely
on their individual clinical experience to determine
the dosage, which may result in the risk of overpre-
scribing and overuse of these medications. This is due
to the lack of accurate dosage determination methods
based on patients’ physical characteristics and the se-
verity of the condition. Given that no other approved
medications are available for treating ASD, there is an
urgent need to develop stricter guidelines for these
two medications, as well as safer and more effective
drugs that target the core symptoms of ASD.
Fluoxetine, a selective serotonin reuptake inhibi-
tor (SSRI), has demonstrated substantial efficacy in al-
leviating obsessive-compulsive disorder (Wu and Qin,
2023). A clinical trial conducted in Australia found
that fluoxetine significantly reduced obsessive-
compulsive behaviors in children with ASD (Reddi-
hough et al., 2019). However, a different trial reported no
significant change in the repetitive behaviors of chil-
dren or adolescents with ASD after taking fluoxetine
(Herscu et al., 2020). These differences in experimental

outcomes may be attributed to dosage variations, with
low doses not achieving sufficient effects. On the
other hand, increasing the dosage and extending the
treatment period might yield remarkable therapeutic
effects on repetitive behaviors in ASD patients. The
most common adverse reactions reported by fluoxetine
users include insomnia, respiratory infections, diar-
rhea, and vomiting. Overall, this drug is considered
relatively safe and well-tolerated (Hetrick et al., 2021).
Nevertheless, there is a scarcity of trials investigating
the use of fluoxetine to alleviate the core symptoms
of ASD, and collecting further clinical evidence is
necessary by including larger and more diverse partici-
pant groups.

4.4 Anti-inflammatory and antioxidant medications

Omega-3 has been found to have neuroprotect-
ive, anti-inflammatory, and antioxidant effects (Arab
et al., 20006). These essential fatty acids cannot be syn-
thesized in the body and must be obtained through nu-
trition for normal brain growth and function. Inade-
quate brain development has been linked to an imbal-
ance in the ratio of omega-6 to omega-3 in cell mem-
branes (Luchtman and Song, 2013). A study conducted
in New Zealand found significant improvements in
social motivation and communication in children who
took omega-3 supplements (Parellada et al., 2017).
Another clinical trial demonstrated that omega-3 treat-
ment reduced repetitive behaviors and improved so-
cial interaction in children (Doaei et al., 2021).

Folate, a water-soluble B vitamin, has shown anti-
inflammatory and antioxidant effects (Vahabzadeh and
Mcdougle, 2013), and disruptions in folate-related
metabolism have been associated with abnormal glu-
tathione levels in relation to ASD (Frye and James,
2014). Supplementation with folate during pregnancy
can potentially reduce the risk of ASD in the fetus
(Surén et al., 2013). Up to 23% of ASD children have
abnormally low cerebrospinal fluid folate levels. Clin-
ical trials conducted in the United States have provided
evidence of the beneficial effects of high-dose folate
treatment on verbal communication in individuals
with ASD (Frye et al., 2018). Similarly, a clinical trial
in Iran investigated the use of folate as an adjunct to
risperidone and observed a significant reduction in in-
appropriate verbal and repetitive behaviors in children
with ASD (Batebi et al., 2021). Moreover, a trial con-
ducted in France demonstrated that high-dose folate



contributed to significant improvements in verbal
communication and social interaction among children
with ASD (Renard et al., 2020).

Sulforaphane, a common antioxidant found in
vegetables, has been identified as an anti-cancer bio-
active substance. Furthermore, its anti-inflammatory
and antioxidant properties may contribute to the im-
provement of ASD (Momtazmanesh et al., 2020). The
onset of ASD has also been associated with physio-
logical abnormalities outside the central nervous system,
such as immune dysregulation (Ashwood et al.,
2011), inflammation (Dantzer et al., 2008), reduced
antioxidant capacity, elevated oxidative stress levels
(James et al., 2006; Ashwood et al., 2011), and mito-
chondrial dysfunction (Rossignol and Frye, 2012). A
study in the United States reported significant im-
provement in abnormal behavior and social dysfunc-
tion in children with ASD after sulforaphane treat-
ment (Bent et al., 2018). Another clinical trial also
found significant improvement in abnormal behavior
in children (Zimmerman et al., 2021). In a clinical trial
using sulforaphane as an adjunct to risperidone, the
drug showed significant effects in alleviating irritability
and hyperactivity symptoms in children with ASD,
while no significant improvements were demonstrated
in stereotypic behavior or inappropriate speech
(Momtazmanesh et al., 2020). This drug has mild side
effects, including insomnia, headache, restlessness,
and diarrhea. However, the trial duration was short
and the sample size was small, lacking robustness in
demonstrating the drug’s significant therapeutic effect
on ASD (Lee et al., 2021). Oxidative stress has been
considered as a potential mechanism involved in the
onset of ASD, particularly during the early develop-
mental stages. It has been suggested that antioxidant
medications should be administered during early child-
hood as their effectiveness might diminish with pa-
tient age, making them more suitable as supplementary
treatments. However, it is worth noting that the diag-
nosis of ASD in young children heavily relies on care-
giver assessments, and improvements in ASD-related
behaviors observed in toddlers may be attributed to
physiological growth rather than solely to the use of
supplements. While many experiments highlight the
role of dietary supplements as adjunct therapies, there
is currently insufficient robust evidence to confirm the
singular efficacy of dietary supplements in treating
ASD. Therefore, more multicenter clinical trials are
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needed that involve a broader range of ASD popula-
tions to further validate the effectiveness of these sup-
plements and test their applicability for patients from
different age groups.

Dietary supplements such as omega-3, folate,
and sulforaphane have been shown to have minimal
side effects when appropriately dosed for children.
These supplements can be obtained through regular
dietary intake, and they are affordable. High-quality
omega-3, folate, and sulforaphane products and medi-
cations are readily available in the international mar-
ket. Although the exact improvement in the core symp-
toms of ASD in response to dietary supplements is
not yet clear, it is important to recognize that the thera-
peutic effects of medications are often difficult to pre-
cisely establish, and improvements observed in a pa-
tient’s condition may be the result of a combination
of various dietary factors. Therefore, when consider-
ing the daily dietary intake, it becomes challenging to
exercise accurate control over medication dosage. This
necessitates further research into determining the opti-
mal dosage and duration of dietary supplements for
ASD treatment.

Prednisolone is a corticosteroid primarily used to
treat neuroinflammation and autoimmune diseases
(Duffy et al., 2014), which in turn are linked to ASD
(Tye et al., 2019). A clinical trial in Brazil showed
that prednisolone significantly improved language
skills in children with ASD (Brito et al., 2021). Another
trial in Iran demonstrated that prednisolone, as an ad-
junct to risperidone, significantly improved hyperac-
tivity, sleepiness, stereotypic behaviors, and inappro-
priate speech in children with ASD (Malek et al.,
2020). Prednisolone therapy is generally associated
with only mild side effects such as moderate hypogly-
cemia and low blood pressure. However, as an anti-
inflammatory medication, further experimental research
is needed to elucidate the therapeutic mechanisms of
prednisolone in ASD. To establish appropriate usage
standards, it is crucial to increase the sample size and
extend the follow-up periods in clinical trials involv-
ing prednisolone as an adjunct or standalone treat-
ment for ASD. Many trials targeting children have util-
ized low doses of prednisolone, potentially limiting its
efficacy in ASD treatment. Therefore, exploring high-
er dosages of prednisolone is necessary to better eval-
uate its effects on ASD patients and determine the op-
timal therapeutic dosage.
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CBD, a non-toxic component of the cannabis
plant, has shown promise in treating a range of neuro-
psychiatric disorders and is now recognized as a po-
tential anti-inflammatory and antioxidant medication
(Wang et al., 2022). Several studies have indicated
that CBD possesses analgesic, neuroprotective, and
anti-inflammatory properties, as well as the ability to
reduce oxidative stress (Vallée et al., 2021). Cannabis
contains over 100 phytocannabinoids, including delta-
9-tetrahydrocannabinol (THC), the main psychoactive
ingredient, and CBD, which has anxiolytic, antipsy-
chotic, and anticonvulsant effects and is non-toxic
(Pedrazzi et al., 2022). CBD belongs to a group of ter-
penophenolic compounds found in cannabis and the
nervous and immune systems of animals. These com-
pounds have analgesic and anti-asthmatic effects and
are used extensively to treat neurological and psychi-
atric disorders such as Parkinson’s disease and
Alzheimer’s disease (Whiting et al., 2015).

Endocannabinoids participate in various neural
regulatory activities, impacting cognitive function,
emotional regulation, social motivation, reward pro-
cessing, and other behavioral indicators (Mechoulam
and Parker, 2013). Animal models of ASD suggest
that dysregulation of the endocannabinoid system may
contribute to behavioral abnormalities (Wei et al.,
2015). In addition, serum samples from children with
ASD have been found to have lower levels of endo-
cannabinoids compared with typically developing
children (Aran et al., 2019b). A study conducted in
Israel demonstrated that the treatment with CBD-rich
cannabis significantly improved social communica-
tion issues in children with ASD (Hacohen et al.,
2022). Similarly, a study conducted in Brazil showed
that CBD improved motor development, communica-
tion, social interaction, and cognitive performance in
children with ASD (Fleury-Teixeira et al., 2019).

The main adverse reactions associated with can-
nabinoid use include sleep disturbances, irritability,
and reduced appetite (Bar-Lev Schleider et al., 2019).
While recreational cannabis use can lead to addiction,
cognitive impairment, and schizophrenia, especially
in some countries that have legalized it, these compli-
cations are primarily associated with THC (Pintori
et al., 2023). On the other hand, CBD is a natural sub-
stance with significantly lower toxicity and no psy-
choactivity, which helps maintain endocannabinoid
levels at a reasonable range, allowing patients to feel

physically well without the addictive effects of THC
(Aran et al., 2019a). However, there are still limited
data on the safety and tolerability of cannabinoids in
adolescents and children. Further clinical investiga-
tion is needed to determine the appropriate dosages of
CBD for different ages and types of patients with
ASD. Furthermore, extensive randomized double-blind
clinical trials involving a larger number of ASD pa-
tients are required to determine the actual therapeutic
effects of CBD on improving the core symptoms of
ASD. However, due to strict cannabis regulations in
many countries, increased safety and favorable evi-
dence is needed to conduct large-scale clinical trials,
which hinders further research on this class of drugs.

4.5 Other medications
4.5.1 Ion channel medications

Bumetanide, a potent diuretic drug utilized in pe-
diatric clinics, has been found to lower neuronal chlor-
ide levels and facilitate the transition of GABA from
an excitatory to an inhibitory state (Hadjikhani et al.,
2015; Sprengers et al., 2021). It is believed that ASD
is caused by an unsuccessful shift in GABA activity
in neurons from excitatory to inhibitory (Lozovaya
et al., 2019). Bumetanide can augment the effects of
GABA and maintain the balance between excitatory
and inhibitory signals in the brains of individuals with
ASD (Hadjikhani et al., 2015). Previous studies con-
ducted on animals and small clinical trials have vali-
dated the efficacy of bumetanide, an established drug,
in ameliorating core symptoms associated with ASD.
For instance, a study conducted in the Netherlands re-
vealed that bumetanide alleviated repetitive behaviors
in children with ASD (Sprengers et al., 2021). Simi-
larly, it was experimentally demonstrated that the ad-
ministration of bumetanide significantly ameliorated
repetitive behaviors and stereotypic behaviors in chil-
dren with ASD (Zhang et al., 2020). A study conducted
in France also indicated that bumetanide ameliorated
social interaction behaviors, narrow interests, and re-
petitive behaviors in children and adolescents (Lem-
onnier et al., 2017).

However, reaching effective concentrations of
bumetanide in the blood is challenging. Besides, it may
also have limited penetration into the brain due to in-
complete crossing of the blood—brain barrier. As a result,
the therapeutic efficacy of bumetanide in ASD may
be constrained. Researchers are currently investigating



and developing more effective strategies to enhance
the brain penetration of bumetanide and optimize its
efficacy for the treatment of ASD (Hadjikhani et al.,
2015). Furthermore, it remains uncertain whether bu-
metanide can fully restore the impaired GABA switch
in individuals with ASD. Notably, the significant ad-
verse reactions associated with bumetanide primarily
comprise diuretic effects and hypokalemia (Sprengers
et al.,, 2021). Nevertheless, these are minimal under
chronic conditions and can be managed through add-
itional potassium supplementation (Lemonnier et al.,
2012). Consequently, despite its limited brain penetra-
tion, we posit that bumetanide exhibits promising
prospects as a safe and effective treatment for reduc-
ing the severity of ASD due to its effects of alleviat-
ing social dysfunction and enhancing activity levels.
Consequently, this drug presents a viable alternative
therapeutic approach for adolescents with ASD and
holds promise as a novel medication for effectively
treating younger children with ASD. However, in the
future, it is crucial to implement stringent criteria to
identify suitable candidates for this medication to miti-
gate potential unknown side effects.

4.5.2 Hormonal medications

Oxytocin, a pituitary neuropeptide, plays a regu-
latory role in human emotions and impacts social and
cognitive functions (Cai et al., 2018). As opposed to
other methods, intranasal administration of oxytocin
possesses the ability to penetrate the blood—brain bar-
rier, enhance drug bioavailability, and expedite drug ef-
fects (Panek et al., 2020). A study conducted in China
demonstrated that oxytocin treatment significantly im-
proved social communication, as well as reduced re-
stricted and repetitive behaviors in children with ASD
(Le et al., 2022). Additionally, another trial assessing
the application of intranasal oxytocin in children with
ASD reported a noteworthy improvement in their so-
cial abilities (Parker et al., 2017). In contrast, a 24-
week trial conducted with children and adolescents diag-
nosed with ASD found no significant changes in so-
cial interaction or cognitive function indicators among
the participants (Sikich et al., 2021). This particular
study differed from previous clinical trials in that it
administered oxytocin by a flexible dosing strategy
based on adverse responses rather than weight changes.
The adverse reactions reported by the participants were
not significant, although the results could be influenced
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by various factors, including potential undetected ad-
verse reactions. Furthermore, the experimental design
was complex, potentially influenced by additional con-
founding factors. Therefore, caution should be exer-
cised when generalizing the experimental conclusions.

The most common adverse reactions observed
for intranasal oxytocin are nasal discomfort and skin
irritation. However, considering a larger number of
participants, the adverse reactions become insignifi-
cant, indicating that intranasal oxytocin is well-tolerated
and safe to use in the ASD population (Cai et al., 2018).
Importantly though, oxytocin may impact physiologic-
al functions in female participants, such as the men-
strual cycle and fertility (Bethlehem et al., 2017). As
such, the inclusion of female participants in oxytocin
studies has been limited, necessitating further research
to broaden their representation. We have observed
that intranasal oxytocin can cause discomfort in par-
ticipants. Children and adolescents may be more sen-
sitive than adults and may struggle with adherence to
the treatment regimen, potentially leading to issues
with inadequate dosing. This could explain the differ-
ence in the efficacy of oxytocin treatment between
adults and children. Future clinical research must have
a greater scope of gender and age groups to more pre-
cisely determine the side effects and optimal dosages
of oxytocin for various ASD patient profiles. The ab-
sorption mechanism of oxytocin and the duration of
its effects are still unclear. Thus, the mode of adminis-
tration and time intervals between doses may affect
the reliability of experimental results. In future inter-
vention ftrials, it will be beneficial to explore more
convenient and effective administration methods of
oxytocin specifically designed for children. More pre-
cise details regarding the time intervals between doses
and the duration of medication efficacy should also be
clarified.

4.5.3 Gastrointestinal medications

Sequestrant AB-2004, also known as AST-120
(Niwa et al., 1991), is a Gl-restricted adsorbent. Un-
like some other substances, it is not broken down by
digestive fluids or bacteria. When orally administered,
AB-2004 binds aromatic or phenolic metabolites in
the intestine, preventing their absorption by the GI tract
and facilitating their excretion (Huang et al., 2021).
GI issues, such as constipation, diarrhea, and inflam-
matory bowel disease, are commonplace in individuals
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with ASD. These GI issues have the potential to im-
pact endocrine, immune, and metabolic functions as
GI microbiota and their metabolites can enter the
bloodstream. Through the gut-brain-axis, these factors
may contribute to abnormal neurological development
and potentially exacerbate ASD symptoms (Yang et al.,
2018). A recent study indicated that oral administra-
tion of AB-2004 can influence GI microbiota-derived
metabolites and improve irritability and anxiety largely
in adolescents diagnosed with ASD (Stewart Campbell
et al., 2022).

Nearly half of children with ASD experience one
or more chronic GI disorders (Zebrowska et al.,
2021). Unfortunately, due to the limited communica-
tion abilities of these children, GI issues often go
unnoticed by healthcare professionals. This can im-
pede treatment and worsen the underlying conditions
(Martinez-Gonzalez and Andreo-Martinez, 2019). To
address this problem, future double-blind, placebo-
controlled trials are needed, especially in the absence
of a control drug. It is also worth noting that the phase
1b/2a clinical trial only involved a small group of ado-
lescent ASD participants. To gain a thorough under-
standing of the effects of AB-2004, it will be essential
to conduct phase 2b and phase 3 clinical trials. The
specific mechanism by which AB-2004 alters brain
connectivity remains unclear. One hypothesis sug-
gests that AB-2004 may improve gut health by ad-
sorbing aromatic or phenolic metabolites, subsequently
influencing brain areas associated with ASD. Another
possibility is that the drug directly affects the nervous
system by crossing the blood—brain barrier, thereby
improving ASD symptoms.

Thus far, researchers have not been able to eluci-
date the specific links between the impact of AB-
2004 on gut microbiota-derived metabolites and the
blood system, endocrine system, and nervous system.
It also needs further investigation how AB-2004 influ-
ences brain functional connectivity and behavioral
regulation. Understanding the mechanism of action re-
garding changes in brain functional connectivity and
behavior would be crucial. We propose that AB-2004,
which can be administered orally at a specific dosage,
is a cost-effective option with low compliance require-
ments. The precise causal relationship between GI symp-
toms and ASD remains unclear. It is plausible that dif-
ferent types and severities of ASD are correlated with
distinct compositions of gut microbiota. Therefore,

even though AB-2004 may adsorb gut aromatic or
phenolic metabolites, it may not be suitable for all in-
dividuals with ASD. Consequently, further research is
necessary to identify the specific ASD subtypes that
can benefit from AB-2004 treatment.

5 Discussion

Among the various drugs used for the treatment
of ASD, atypical psychotropic medications are the
most commonly employed ones due to their compre-
hensive modulation of multiple receptors in the cen-
tral nervous system. However, the specific effects of
dopamine and serotonin in individuals with ASD re-
main poorly understood. Attempting to explain the
pathogenesis of ASD solely based on the complete in-
hibition or enhancement of dopamine and serotonin
activity oversimplifies the related mechanism and lacks
specificity. Individuals exhibit varying responses to
medications, with a range of side effects and potential
allergies, which may hamper the feasibility of exten-
sive and prolonged treatment. Therefore, medication
criteria must be continuously adjusted based on indi-
vidual differences and therapeutic outcomes. While
fluoxetine is primarily used for depression and obsessive-
compulsive disorder, it has also shown efficacy in
treating obsessive-compulsive behaviors in ASD.
However, further exploration is required to determine
the mechanism underlying the alleviation of other
core symptoms of ASD. Prednisolone, as an anti-
inflammatory and antioxidant medication, is primarily
prescribed for allergic and auto-immune inflammatory
diseases. However, its potential side effects are more
pronounced under high doses over a prolonged period,
necessitating the exercise of caution for application in
children, who should also avoid long-term use. De-
spite the limited research involving children and ado-
lescents, it is imperative to broaden investigations on
prednisolone, especially regarding its impact on repeti-
tive and stereotypic behaviors. The potential side ef-
fects of this drug are particularly important to consider,
as they could hinder growth and development and
potentially cause enduring harm to young individuals.
Therefore, rigorous safety assessments and further
testing in this age group are mandatory.

Sulforaphane, folate, and omega-3 are antioxidants
with anti-inflammatory properties and the ability to



reduce oxidative stress in ASD. However, it remains
unclear whether oxidative stress in the brain is the
cause or a consequence of ASD. If the latter, the thera-
peutic effect of these drugs may be limited. Neverthe-
less, the findings of the present review indicate that
antioxidant supplementation may hold promise as a
treatment option for ASD. Sulforaphane, folate, and
omega-3 are three dietary supplements with good clin-
ical safety profiles. They are easily obtainable through
everyday foods such as natural fruits, vegetables, and
animal offal. They are also cost-effective and, when
transformed into medications, tend to have minimal
side effects. According to some studies, these medica-
tions have proven effective as adjuncts to atypical psy-
chiatric medications. Unlike cannabinoids as the only
psychoactive medication mentioned in this review,
CBD is a medicinal compound that lacks psycho-
active properties. The traditional uses of medicinal can-
nabis, particularly CBD, are primarily for sedation and
pain relief. While CBD has not been extensively studied
in the field of ASD, the unique nature of CBD and the
strict regulations surrounding it in some countries re-
garding cultivation and research present limitations to
research progress on CBD in ASD therapy.

A number of medications, originally intended for
other conditions, have shown significant efficacy in
treating autism. Recent research has revealed their ef-
fectiveness in ameliorating the core symptoms of au-
tism. Oxytocin, for instance, is most effective when
administered through nasal spray for the treatment of
ASD. However, unlike other medications, pediatric
ASD patients require adult supervision and assistance
to ensure proper adherence to the prescribed dosage.
Trials of oxytocin on ASD patients of various ages
and genders have been incomplete, warranting more
comprehensive investigations to include different types
of ASD groups, in order to draw more generalizable
conclusions. AB-2004, a small molecule sequestrant
acting as a GI adsorbent, has demonstrated a favor-
able clinical safety and tolerability profile. It improves
GI and ASD-related symptoms by adsorbing intes-
tinal aromatic or phenolic metabolites. Bumetanide,
previously used for edema treatment, has low toxicity
but has dietary contraindications. Recent findings sug-
gest its potential in alleviating the core symptoms of
ASD, offering hope for younger children with limited
access to rehabilitation resources. However, the drug
is still in the research stage, and further progress is
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required before it can be applied in clinical settings
and becomes widely available. In addition, continu-
ous adjustments to medication standards based on in-
dividual differences and treatment duration are essential.

Clinical trials evaluating the efficacy of drugs in
treating the core symptoms of ASD commonly em-
ploy scales. However, these scales vary among studies,
leading to disparate results for the same drug. There-
fore, multiple measures and experimental designs
should be applied to validate the effectiveness of a
drug before its clinical implementation. Further-
more, research on drug treatments for ASD is region-
specific, with a limited inclusion of patients of all
ages and genders from various parts of the world.
Consequently, even if a drug yields statistically sig-
nificant results, its applicability may not be extended
universally, necessitating adaptation to different geo-
graphic regions.

In this comprehensive comparative analysis, we
focus on medications for core symptoms of ASD in
children and adolescents. In contrast to previous over-
views, our evaluation encompasses the aspects of
safety, tolerability, and efficacy of each drug. This sys-
tematic approach is crucial to providing a more nu-
anced array of treatment options tailored to the di-
verse manifestations of ASD. We emphasize the sig-
nificance of rigorous testing during the clinical phases
to facilitate the integration of drugs into clinical use.
To this end, current medications targeting the core
symptoms of ASD demonstrate deficiencies in re-
search methodologies and application scenarios. Most
critically, there is a lack of robust guidelines govern-
ing their use. Therefore, we offer guidance and insights
into the development and testing of medications for
children and adolescents with ASD, with a focus on
drug treatments. Nevertheless, we refrain from provid-
ing specific methodologies; instead, we emphasize fu-
ture prospects for the development and testing of pharma-
ceutical interventions. At present, there is no inter-
national consensus on the pharmacological treatment
of the core symptoms of ASD. Drug interventions have
the advantage of targeting core symptoms specifically,
addressing the underlying causes more directly and pro-
viding more immediate solutions than other therapies.
However, it is essential to acknowledge that the com-
bination of different therapies is imperative in the suc-
cessful treatment process for ASD, particularly in ad-
dressing the social functional impairments experienced
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by affected individuals. Previous research suggests
that pursuing drug treatment according to various ap-
proaches may yield more significant results. Neverthe-
less, specific and widely applicable effective treat-
ment protocols remain to be developed, necessitating
further exploration in this field.
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