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Abstract 

Background and Objectives: Autism spectrum disorder (ASD) is a heterogeneous 
neurodevelopmental condition characterized by social communication deficits, restricted interests, 
and repetitive behaviors. Pharmacological management is challenging given the complex 
neurobiology and frequent comorbidities. This review summarizes the current evidence for 
pharmacological treatments in ASD, highlighting efficacy, mechanisms, limitations, and emerging 
therapeutic targets. Methods: A comprehensive literature review was conducted across PubMed, 
Cochrane Library, and Embase to identify clinical trials, systematic reviews, meta-analyses, and 
preclinical studies on pharmacological interventions for ASD. Seventy-seven references were 
integrated to reflect the state of evidence. Results: Established interventions include antipsychotics 
such as risperidone and aripiprazole for irritability and aggression, and selective serotonin reuptake 
inhibitors (SSRIs) for anxiety and repetitive behaviors, though efficacy remains inconsistent. 
Adjunctive agents targeting glutamatergic, GABAergic, and neuroinflammatory pathways—
including memantine, riluzole, minocycline, and N-acetylcysteine—show promise in modulating 
excitatory-inhibitory imbalance and oxidative stress. Novel strategies involving oxytocin, 
vasopressin, and nanoparticle-based therapies are under early investigation. Conclusions: While 
current pharmacologic options in ASD remain limited, advances in understanding 
neurotransmission, immune dysregulation, and neuroplasticity are driving innovation. Personalized 
approaches integrating biomarkers, genetics, and mechanistic targets may guide the next generation 
of therapies.  

Keywords: Autism spectrum disorder; pharmacology; antipsychotics; selective serotonin reuptake 
inhibitors; glutamatergic agents; neuroinflammation; oxidative stress; personalized medicine 
 

1. Introduction 

Autism Spectrum Disorder (ASD) is a complex neurodevelopmental condition defined by 
persistent deficits in social communication and restricted, repetitive patterns of behavior. Recent 
surveillance data estimate a prevalence of approximately 1 in 54 children in the United States, 
underscoring both the public health significance and the clinical demand for effective interventions 
[1]. Large-scale surveys have confirmed that psychotropic medication use is common in individuals 
with ASD, reflecting the high prevalence of comorbid symptoms such as anxiety, aggression, 
hyperactivity, and seizures [2,3]. The International Society for Autism Clinical Assessment (ISACA) 
guidelines and other consensus statements emphasize the importance of integrating pharmacological 
treatments with behavioral and educational approaches, but also highlight the absence of a single 
universally effective medication [4]. 

The heterogeneity of ASD presentations contributes to the diversity of pharmacological 
strategies employed. Epidemiological research suggests that up to two-thirds of individuals with 
ASD are prescribed at least one psychotropic drug during their lifetime [2,5]. Observational studies 
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demonstrate that antipsychotics, stimulants, antidepressants, and anticonvulsants are the most 
frequently used classes, though prescribing practices vary by age, severity of symptoms, and access 
to services [6,7]. 

Table 1. Mechanisms and pathways in pharmacological treatments for Autism Spectrum Disorder (ASD). 

 

This review was undertaken to synthesize the evidence for pharmacological interventions in 
ASD across established and emerging drug classes. We organize the discussion by therapeutic targets, 
beginning with serotonergic modulation and extending to antipsychotic, stimulant, anticonvulsant, 
neurotrophic, immune, and glutamatergic mechanisms. In doing so, we aim to provide a 
comprehensive appraisal of both efficacy and safety, while also mapping areas where further research 
is most urgently needed. 

2. SSRIs and Serotonergic Modulation 

Target symptoms: anxiety, obsessive–compulsive behaviors, repetitive actions, mood 
dysregulation. 

2.1. Mechanistic Rationale 

Serotonergic dysregulation has long been implicated in ASD pathophysiology. Early 
neuroimaging studies demonstrated alterations in serotonin synthesis capacity in children with 
autism [8]. Preclinical and translational studies further suggested that modulation of the serotonin 
transporter (SERT) could normalize aspects of repetitive behavior [9]. These findings provided a 
rationale for the clinical use of selective serotonin reuptake inhibitors (SSRIs). 

2.2. Clinical Evidence 

Clinical evidence for SSRIs in ASD is mixed. The Cochrane review by Williams et al. [10] 
synthesized randomized trials and concluded that SSRIs showed limited benefits in children but may 
have utility for adults, particularly in managing anxiety and obsessive–compulsive symptoms. 
Subsequent randomized controlled trials, such as the fluoxetine study by Reddihough et al. [11], 
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demonstrated reductions in obsessive–compulsive behaviors in youth, though adverse effects such 
as irritability and sleep disturbance were more frequent compared with placebo. 

Observational research highlights that SSRIs remain one of the most commonly prescribed 
medication classes for individuals with ASD, particularly in the context of comorbid anxiety [12]. 
Jobski et al. [2] and Coleman et al. [3] reported frequent parental endorsement of SSRIs in large 
national surveys. 

2.3. Preclinical Insights 

Animal studies have contributed mechanistic insights. Golub et al. [13] found that juvenile 
rhesus monkeys treated with fluoxetine demonstrated increased social interaction, while He et al. 
[14] used metabolomic profiling to identify individual predictors of fluoxetine response, suggesting 
biological heterogeneity in treatment effects. 

2.4. Other SSRIs 

Other SSRIs such as citalopram and sertraline have been tested, though results remain 
inconclusive. King et al. [15] reported that citalopram did not outperform placebo in reducing 
repetitive behaviors in children with ASD, while smaller sertraline trials suggested potential benefit 
for comorbid anxiety symptoms [16]. 

2.5. Clinical Considerations 

Taken together, SSRIs may alleviate specific domains such as anxiety and obsessive–compulsive 
behaviors, but effects on the core features of ASD remain limited. Clinical use requires careful dose 
titration and monitoring for adverse events such as gastrointestinal upset, behavioral activation, and 
sleep disturbance. 

3. Antipsychotics 

Target symptoms: irritability, aggression, tantrums, self-injurious behavior. 

3.1. Historical Context 

Antipsychotics have been used in ASD since the 1980s, when haloperidol demonstrated efficacy 
for reducing behavioral disturbances in children [17]. However, the risk of extrapyramidal side 
effects limited long-term use. The development of atypical antipsychotics provided better tolerability 
and became the mainstay for pharmacological management of severe irritability. 

3.2. Risperidone and Aripiprazole 

Risperidone and aripiprazole are the only medications approved by the U.S. Food and Drug 
Administration (FDA) for irritability in children and adolescents with ASD. Double-blind 
randomized controlled trials demonstrated significant improvements in irritability, tantrums, and 
self-injury [18,19]. Systematic reviews and meta-analyses have confirmed these effects, with 
risperidone and aripiprazole consistently associated with large effect sizes in reducing irritability 
[20,21]. 

3.3. Other Atypical Antipsychotics 

Evidence for other atypicals is mixed. Olanzapine has been studied in small case series, with 
some improvements in aggression but frequent weight gain [22]. Quetiapine has demonstrated 
benefit in open-label studies but also caused sedation and metabolic side effects [23]. Ziprasidone 
showed some efficacy in retrospective naturalistic studies, with the advantage of less weight gain but 
potential cardiac risks [24]. Paliperidone, the active metabolite of risperidone, has demonstrated 
benefit in adolescents and young adults in small open-label studies [25]. 
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Clozapine remains a treatment of last resort for severe, refractory irritability and aggression in 
ASD. A recent scoping review described potential benefits but emphasized the need for careful 
monitoring of agranulocytosis and metabolic complications [26]. 

3.4. Safety Considerations 

Atypical antipsychotics carry notable adverse effects. Weight gain and sedation are common, 
and long-term use may lead to metabolic syndrome, dyslipidemia, and insulin resistance [20]. 
Risperidone is also associated with hyperprolactinemia. Aripiprazole appears to have a more 
favorable metabolic profile, though akathisia and agitation are possible [19]. Guidelines recommend 
baseline and ongoing monitoring of weight, body mass index, fasting glucose, and lipid levels [27]. 

3.5. Guideline Recommendations 

The international guide to prescribing psychotropic medications for problem behaviors in 
intellectual disabilities supports antipsychotic use when severe aggression or self-injury threatens 
safety and behavioral interventions alone are insufficient [6]. The consensus across clinical guidelines 
is that atypical antipsychotics should be reserved for severe presentations, used at the lowest effective 
dose, and regularly re-evaluated for continued necessity [27]. 

4. Stimulants 

Target symptoms: hyperactivity, impulsivity, inattention, executive dysfunction. 

4.1. Methylphenidate and Other Stimulants 

Methylphenidate is the most widely studied stimulant in children with ASD. Early placebo-
controlled crossover trials demonstrated moderate efficacy for hyperactivity, though adverse effects 
were more common than in typically developing children with ADHD [28]. The Cochrane systematic 
review by Sturman et al. [29] synthesized randomized trials and confirmed reductions in 
hyperactivity but highlighted concerns about tolerability, including decreased appetite, insomnia, 
and increased irritability. 

Amphetamine derivatives such as lisdexamfetamine have been evaluated in smaller studies. 
Case reports suggest potential benefit for comorbid ADHD symptoms but also note risk of affective 
lability and increased anxiety [30]. Broader pharmacological reviews, including work by Faraone et 
al. [31], emphasize the need for individualized dosing strategies in neurodevelopmental populations 
given heightened sensitivity to side effects. 

4.2. α2-Adrenergic Agonists (Clonidine, Guanfacine) 

α2-adrenergic agonists act by reducing presynaptic norepinephrine release, thereby improving 
hyperarousal, impulsivity, and sleep. Guanfacine has demonstrated efficacy in randomized 
controlled trials, improving hyperactivity and oppositional symptoms in children with ASD [32]. 
Clonidine, while supported primarily by case series and smaller open-label trials, appears useful for 
managing sleep disturbance and hyperactivity [33]. A systematic review by Banas and Sawchuk [34] 
confirmed that clonidine can be effective for behavioral dysregulation in ASD but requires careful 
monitoring for hypotension and sedation. 

4.3. Modafinil and Novel Approaches 

Modafinil, a wakefulness-promoting agent, has drawn attention for its potential anti-
inflammatory and cognitive-enhancing properties. Preclinical studies demonstrate that modafinil 
reduces neuroinflammation and improves autism-like behaviors in animal models [35]. A medicinal 
chemistry review also highlighted structural modifications of modafinil derivatives with potential 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 October 2025 doi:10.20944/preprints202510.1040.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202510.1040.v1
http://creativecommons.org/licenses/by/4.0/


 5 of 13 

 

application in ASD [36]. While promising, clinical trials in humans are lacking, and modafinil is not 
currently recommended outside experimental contexts. 

5. Anticonvulsants 

Target symptoms: seizures/epileptiform activity, irritability, aggression, mood instability. 

5.1. Epilepsy and ASD 

Epilepsy is a common comorbidity in ASD, with prevalence estimates ranging from 20–30% 
depending on cohort [37]. The overlap between epilepsy and behavioral dysregulation has prompted 
exploration of anticonvulsants as dual-purpose agents, addressing both seizures and behavioral 
symptoms. 

5.2. Valproate 

Valproate is one of the most frequently prescribed antiseizure medications in ASD. Preclinical 
studies of valproic acid (VPA) exposure have even been used to generate rodent models of autism, 
reflecting its mechanistic relevance [38]. In clinical contexts, valproate has been shown to reduce 
aggression and irritability in some patients, but teratogenicity, weight gain, and hepatotoxicity 
remain major concerns [39]. 

5.3. Lamotrigine 

Lamotrigine, a sodium channel blocker with glutamate-modulating effects, has produced 
inconsistent findings in ASD. Belsito et al. [40] conducted a randomized double-blind trial and found 
no significant benefit for behavioral symptoms compared to placebo. Nevertheless, some clinicians 
report improvements in mood instability, suggesting that lamotrigine may be useful in select 
subgroups. 

5.4. Levetiracetam 

Levetiracetam is widely used for seizure control and has also been investigated for behavioral 
outcomes in ASD. Case reports suggest benefits in reducing aggression and self-injurious behavior 
[41], but other studies have raised concerns about behavioral activation and irritability [42]. A broader 
review highlighted that while levetiracetam is generally well-tolerated, close monitoring is necessary 
in individuals with ASD due to variable psychiatric side effects [43]. 

5.5. Topiramate and Other Antiseizure Drugs 

Topiramate has been explored as an adjunctive treatment, particularly in combination with 
risperidone. Small studies suggest reductions in irritability, though cognitive side effects and 
sedation are limiting factors [44]. Frye et al. [45] reviewed traditional and novel antiseizure 
medications in ASD and concluded that while seizure control remains paramount, evidence for 
behavioral benefits is mixed, necessitating larger controlled trials. 

6. Neurotrophic, Oxidative Stress, and Immune-Modulating Agents 

Target symptoms: irritability, repetitive behaviors, social deficits, immune dysregulation. 

6.1. N-Acetylcysteine (NAC) 

NAC, a glutathione precursor with antioxidant and glutamatergic-modulating properties, has 
emerged as one of the most promising adjunctive therapies in ASD. Randomized controlled pilot 
trials demonstrated that NAC reduced irritability and repetitive behaviors when compared with 
placebo [46]. Case reports further support its tolerability and potential utility in treatment-resistant 
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patients [47]. Larger studies are warranted, but NAC’s favorable safety profile makes it an attractive 
candidate for adjunctive therapy. 

6.2. Minocycline 

Minocycline, a tetracycline antibiotic with neuroprotective and anti-inflammatory properties, 
has also been evaluated in ASD. A randomized double-blind placebo-controlled trial of minocycline 
as an adjunct to risperidone found significant improvements in irritability [48]. Its mechanism likely 
involves microglial inhibition and reduced pro-inflammatory cytokine release. However, long-term 
safety data in pediatric populations remain limited. 

6.3. Brain-Derived Neurotrophic Factor (BDNF) and Oxidative Stress 

Altered BDNF levels have been implicated in ASD, linking neurotrophic signaling to abnormal 
neurodevelopment [49]. Reviews suggest that targeting BDNF pathways could improve synaptic 
plasticity and behavioral outcomes. Oxidative stress has also been repeatedly documented in ASD, 
with elevated markers of lipid peroxidation and reduced antioxidant capacity [50]. This has driven 
exploration of antioxidant therapies such as NAC, vitamin E, and omega-3 fatty acids, though 
evidence remains preliminary. 

6.4. Immune and Inflammatory Mechanisms 

Immune dysregulation is another proposed contributor to ASD pathophysiology. Celecoxib, a 
selective COX-2 inhibitor, demonstrated efficacy in reducing irritability when combined with 
risperidone in a randomized trial [51]. Other anti-inflammatory interventions, including minocycline 
and NAC, may partly exert their benefits through immunomodulatory effects. 

Animal models further highlight the role of maternal immune activation in ASD-like 
phenotypes. Recent studies have demonstrated that nanoparticle-based therapies may prevent the 
transplacental passage of pathogenic maternal autoantibodies linked to autism risk, offering a novel 
preventive strategy [52]. Although still in preclinical stages, such approaches underscore the 
expanding horizon of immunologically targeted interventions. 

7. Glutamatergic Agents and NMDA Modulators 

Target symptoms: social withdrawal, repetitive behaviors, irritability, cognitive rigidity. 

7.1. Mechanistic Rationale 

Abnormal glutamatergic signaling has been proposed as a core neurobiological feature of ASD, 
with studies demonstrating altered excitatory–inhibitory balance in cortical circuits [53]. 
Pharmacological interventions targeting glutamate release or NMDA receptor activity have therefore 
been investigated as potential therapies. 

7.2. Riluzole 

Riluzole, an agent that reduces presynaptic glutamate release, has demonstrated tolerability in 
clinical trials for mood and anxiety disorders. A systematic review and preliminary meta-analysis of 
riluzole in psychiatric conditions suggested potential benefit for mood stabilization and compulsive 
behaviors [54]. Although specific trials in ASD remain limited, riluzole’s mechanism positions it as a 
candidate for managing repetitive behaviors and emotional dysregulation. 

7.3. Ketamine and NMDA Antagonists 

Ketamine, a noncompetitive NMDA receptor antagonist, has gained attention for its rapid-acting 
antidepressant effects. Its potential in ASD has been explored in pilot studies and preclinical models. 
Systematic reviews suggest that NMDA antagonists, including ketamine, may attenuate irritability 
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and social deficits, though the evidence base is still preliminary [55]. Preclinical and psychiatric 
evidence suggests NMDA blockade modulates glutamatergic signaling [55,56]. 

7.4. Broader NMDA-Targeting Strategies 

Recent meta-analyses highlight that NMDA modulators as a class, including agents such as 
memantine and amantadine, warrant further study in ASD [55,57]. While small open-label studies 
have suggested improvements in hyperactivity and social responsiveness, placebo-controlled trials 
have yielded mixed results. At present, NMDA-targeting pharmacotherapies remain investigational 
in ASD, requiring larger and longer-term studies to establish efficacy and safety. 

8. Adrenergic Agents (Clonidine and Guanfacine) 

Target symptoms: hyperactivity, impulsivity, hyperarousal, anxiety, sleep problems. 

8.1. Mechanistic Rationale 

Adrenergic agents, particularly α2-adrenergic receptor agonists, are frequently used to manage 
hyperactivity and impulsivity in ASD, especially when stimulants are poorly tolerated. Their 
mechanism involves reducing presynaptic norepinephrine release, thereby calming overactive 
sympathetic responses [58]. 

8.2. Clonidine 

Clonidine was one of the earliest α2-agonists studied in autism. In small open-label trials and 
case reports, clonidine improved hyperactivity, sleep disturbance, and irritability [59]. However, 
sedation and hypotension were common, requiring careful dose titration. A systematic review 
confirmed clonidine’s modest efficacy, concluding that it may be most useful for children with 
prominent hyperarousal and sleep disturbance [60]. 

8.3. Guanfacine 

Compared to clonidine, guanfacine has a longer half-life and is less sedating. Controlled trials 
have demonstrated that guanfacine extended-release significantly reduces hyperactivity and 
oppositional symptoms in ASD [61]. Clinical experience also supports guanfacine as a monotherapy 
or adjunct to stimulants for comorbid ADHD symptoms. 

8.4. Clinical Considerations 

Although α2-agonists are not FDA-approved for ASD, they are often used off-label in clinical 
practice. Their utility lies in cases where stimulants exacerbate anxiety, irritability, or sleep 
difficulties. Monitoring of blood pressure and heart rate is recommended, particularly at higher doses 
[62]. 

9. Discussion and Future Directions 

Pharmacological interventions in ASD address an array of behavioral and neurobiological 
targets, yet no single therapy effectively treats the full spectrum of symptoms. The strongest evidence 
continues to support atypical antipsychotics (risperidone, aripiprazole) for irritability [18–21], while 
SSRIs show mixed but sometimes meaningful benefits for comorbid anxiety and repetitive behaviors 
[10,11]. Stimulants and α2-agonists offer options for ADHD-like symptoms, but tolerability concerns 
necessitate careful monitoring [28,32,58]. Anticonvulsants remain essential for seizure management, 
though behavioral benefits are inconsistent [37–45]. Emerging approaches, including NAC, 
minocycline, riluzole, and NMDA modulators, highlight novel mechanistic targets but require 
further study [46–57]. 
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9.1. Mechanistic Insights 

Neuroimaging and neuropathological work suggests ASD involves widespread disruptions in 
cortical connectivity and synaptic signaling [63,64]. Studies of oxytocin receptors and peptide levels 
indicate that disruptions in the oxytocinergic system may contribute to social impairments, raising 
the possibility of oxytocin-based therapeutics [65,66]. Other mechanistic research points to microglial 
activation, oxidative stress, and excitatory–inhibitory imbalance, all of which inform emerging 
pharmacological strategies [50,53]. 

9.2. Safety and Long-Term Outcomes 

Concerns about chronic antipsychotic exposure remain prominent. Nonhuman primate studies 
show that long-term antipsychotic treatment may alter brain volume and connectivity [67], 
highlighting the importance of balancing short-term behavioral gains against potential 
neurodevelopmental risks. Similarly, surveys of medication use emphasize that many children 
remain on psychotropic medications for extended periods without systematic re-evaluation [68,69]. 

9.3. Guidelines and Consensus 

International guidelines underscore the principle that medications should target specific 
impairing symptoms, be initiated cautiously, and always be combined with behavioral interventions 
[6,27,70]. Recent systematic reviews also emphasize the importance of individualized medicine, 
including biomarker-guided treatment approaches, to optimize efficacy while minimizing adverse 
outcomes [71,72]. 

9.4. Emerging and Preventive Approaches 

Novel immune-modulating strategies, such as nanoparticle-based therapies to block maternal 
autoantibody transfer, illustrate the potential for preventive interventions [52]. Advances in genetics 
and metabolomics may allow clinicians to identify subgroups of individuals with ASD who are most 
likely to benefit from particular pharmacotherapies [73]. Trials of agents targeting 
neuroinflammation, oxidative stress, and glutamatergic signaling reflect a shift toward mechanism-
based treatment development [74,75]. 

9.5. Future Research Priorities 

Looking forward, clinical research should prioritize: 
 Large, well-controlled trials of promising novel agents (e.g., NAC, riluzole, ketamine). 
 Longitudinal safety studies, particularly for antipsychotics and stimulants used in children. 
 Biomarker integration to predict treatment response (e.g., metabolomic profiling [14], oxytocin 

receptor expression [65]). 
 Preventive strategies that target maternal immune activation and early neurodevelopmental 

pathways [52]. 
 Combination therapies that integrate behavioral interventions, psychopharmacology, and family 

support, reflecting the multifaceted nature of ASD. 
Ultimately, while substantial progress has been made, achieving personalized, mechanism-

driven pharmacotherapy remains the central challenge and opportunity in ASD treatment. 

10. Conclusions 

Pharmacological treatments for ASD have advanced considerably, yet the therapeutic landscape 
remains fragmented and symptom-targeted rather than curative. Atypical antipsychotics provide 
robust evidence for managing irritability, while SSRIs, stimulants, anticonvulsants, and adrenergic 
agents offer variable benefits for comorbid symptoms. Emerging pharmacotherapies that target 
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oxidative stress, neuroinflammation, and glutamatergic dysregulation hold promise but remain 
experimental. 

The heterogeneity of ASD underscores the need for precision medicine approaches, 
incorporating biomarkers, genetic profiling, and individualized treatment algorithms. Future 
research must focus on long-term safety, comparative effectiveness, and preventive strategies, while 
integrating pharmacologic and behavioral interventions. Ultimately, pharmacotherapy in ASD 
should be viewed not as a stand-alone solution but as part of a comprehensive, multimodal treatment 
strategy tailored to the unique profile of each individual. 
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