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Resumo  
Introdução. Há evidências que neurotransmissores e seus sistemas podem estar envolvidos 
na fisiopatologia de estereotipias motoras no Transtorno do Espectro Autista. Objetivo. 

Conduzir uma revisão para avaliar evidências sobre correlações entre comportamentos 
estereotipados e alterações nos sistemas de neurotransmissores, pela análise de artigos 
originais em modelo animal. Método. Estudos publicados entre janeiro de 2000 e janeiro de 
2021 foram pesquisados em seis bases de dados e 19 estudos foram selecionados. A 

população, o método, os principais resultados e as conclusões dos artigos foram extraídos. 
Resultados. A análise revelou que os sistemas serotoninérgico, dopaminérgico, 
glutamatérgico, colinérgico e GABAérgico estavam envolvidos na modulação de estereotipias 
nos modelos animais do TEA. Em geral, a administração de antagonistas de receptors 
serotoninérgicos, glutamatérgicos e dopaminérgicos causaram uma redução no 
comportamento estereotipado, e a estimulação dos sistemas GABAérgico e colinérgico, através 
da administração de agonistas de receptors, também foram responsáveis por reduzir esses 

comportamentos. Houve algumas discrepâncias nas respostas dependendo das rotas de 
administração da droga e das áreas cerebrais, sugerindo que esses fatores também 
influenciam na fisiopatologia das estereotipias no TEA. Conclusão. Os estudos sugerem que 
a super-ativação dos sistemas serotoninérgico, glutamatérgico e dopaminérgico, assim como 
a supressão dos sistemas GABAérgico e colinérgico podem ter uma influência direta no 

aparecimento e na modulação de estereotipias. Registro: PROSPERO CRD42021235397 
Unitermos. Comportamento Estereotipado; Transtorno do Espectro Autista; 

Neurotransmissores; Modelos Animais 
 

 
Abstract 
Introduction. There is evidence that neurotransmitters and their systems may be involved in 
the pathophysiology of motor stereotypies in Autism Spectrum Disorder. Objective. Conduct 
a review to assess evidence on correlations between stereotyped behaviors and changes in 
neurotransmitter systems, by analyzing original articles in an animal model. Method. Studies 
published between January 2000 and January 2021 were searched in six databases and 19 

reports were selected. Reports' population, method, main results, and conclusions were 
extracted. Results. The analysis revealed that serotonergic, dopaminergic, glutamatergic, 
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cholinergic, and GABAergic systems were involved in the modulation of stereotypies in animal 
models of ASD. In general, the administration of antagonists of serotoninergic, glutamatergic, 
and dopaminergic receptors causes a reduction in stereotyped behavior, and the stimulation 

of GABAergic and cholinergic systems, through the administration of receptor agonists, was 
also responsible for reducing these behaviors. There were some discrepancies in the responses 
depending on the routes of drug administration and the brain areas, suggesting that these 

factors also influence the pathophysiology of stereotypies in ASD. Conclusion. The reports 
suggest that the over-activation of serotoninergic, glutamatergic, and dopaminergic systems, 
as the suppression of GABAergic and cholinergic systems may have a direct influence on the 
appearance and modulation of stereotypies. Registration: PROSPERO CRD42021235397. 
Keywords. Stereotyped Behavior; Autism Spectrum Disorder; Neurotransmitters; Animal 
Models 

 
  

Resumen 
Introducción. Existe evidencia de que los neurotransmisores y sus sistemas pueden estar 
involucrados en la fisiopatología de las estereotipias motoras en el Trastorno del Espectro 
Autista. Objetivo. Realice una revisión para evaluar la evidencia sobre las correlaciones entre 

los comportamientos estereotipados y los cambios en los sistemas de neurotransmisores, 

mediante el análisis de artículos originales en un modelo animal. Método. Se buscaron 
estudios publicados entre enero de 2000 y enero de 2021 en seis bases de datos y se 
seleccionaron 19 estudios. Se extrajo la población, el método, los principales resultados y las 
conclusiones de los artículos. Resultados. El análisis reveló que los sistemas serotoninérgico, 
dopaminérgico, glutamatérgico, colinérgico y GABAérgico estaban involucrados en la 
modulación de estereotipias en modelos animales de TEA. En general, la administración de 

antagonistas de los receptores serotoninérgicos, glutamatérgicos y dopaminérgicos provocó 
una reducción de las conductas estereotipadas, y la estimulación de los sistemas GABAérgico 
y colinérgico, mediante la administración de agonistas de los receptores, también fueron 
responsables de la reducción de estas conductas. Hubo algunas discrepancias en las respuestas 
según las vías de administración del fármaco y las áreas del cerebro, lo que sugiere que estos 
factores también influyen en la fisiopatología de las estereotipias en los TEA. Conclusión. Los 

estudios sugieren que la sobre activación de los sistemas serotoninérgico, glutamatérgico y 
dopaminérgico, así como la supresión de los sistemas GABAérgico y colinérgico, pueden tener 
una influencia directa en la aparición y modulación de estereotipias. Registro: PROSPERO 
CRD42021235397 

Palabras clave. Comportamiento Estereotipado; Desorden del espectro autista; 
neurotransmisores; Modelos de animales 
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INTRODUCTION 

Autism Spectrum Disorder (ASD) is a 

neurodevelopmental disorder characterized by deficits in 

communication and social interaction and by restricted, 

repetitive/stereotyped behaviors. Motor disorders such as 

simple motor stereotypies and repetitive use of objects are 
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among the most common repetitive behaviors and are 

present in a large proportion of autistic individuals1,2.  

Motor stereotypies are generally rhythmic and 

repetitive movements that can manifest in different parts of 

the body, such as hands, legs, arms, and face, and are 

usually suppressed by distraction3. Motor stereotypies can 

include snapping the fingers, swinging arms or legs, and 

arranging objects in a certain order, among others1,3. When 

related to some coexisting disorders, such as ASD, motor 

stereotypies are classified as secondary, that is, non-

physiological3. Motor stereotypies can establish severity 

levels of ASD, and when these manifestations are severe, 

they can significantly reduce the individual's quality of life1.  

Although they are common manifestations in ASD, 

motor stereotypies do not yet have well-defined 

pathophysiology. However, there is evidence that brain 

neurotransmission may play an important role in the 

appearance and modulation of motor stereotypies2,4. Several 

studies have reported the relevance of the dopaminergic 

system in modulating stereotypies in ASD, mainly because 

dopamine has a great influence on brain motor pathways5. 

However, the pathophysiology of stereotypies seems to 

involve several neurotransmission systems and mechanisms 

that are not yet fully elucidated, as well as specific brain 

areas, which makes it difficult to understand the etiology of 

symptoms2.  

Serotonin (5-HT), for example, is a neurotransmitter 

associated with ASD for many years. Schein and Freedman 
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found that children diagnosed with ASD had elevated levels 

of serotonin in their blood, suggesting a link between this 

neurotransmitter and ASD6. In addition, glutamate and GABA 

are responsible for the excitation-inhibition balance in the 

central nervous system, which is why it has been 

hypothesized that disruption of this balance is associated 

with the occurrence of various neurodegenerative and 

psychiatric disorders7-10.  

As an important neurotransmitter, acetylcholine is 

closely linked to CNS development. In addition to regulating 

certain behaviors expressed in response to environmental 

stimuli, it may also be associated with the presence of 

stereotypies11,12. In addition, we highlight the role of 

dopamine as a neurotransmitter that directly contributes to 

the regulation of movements associated with certain motor 

disorders13. 

The pathophysiology of stereotyped behaviors in ASD 

may be multifactorial and intrinsically related to the 

neurotransmitters mentioned above. Understanding the 

pathophysiology of motor stereotypies is essential for the 

development of pharmacological and non-pharmacological 

treatments that aim to suppress stereotyped behaviors, and 

thereby improve the quality of life of individuals who have 

such symptoms.  

Thus, the present study was conducted to evaluate the 

evidences between the association of stereotyped behaviors 

and changes in neurotransmitter systems, through the 

analysis of original articles carried out in animal model. 
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METHOD 

Source of Information and Research Strategy 

This Systematic Review was registered in the 

International Prospective Register of Systematic Reviews 

(PROSPERO CRD42021235397). The literature search 

covered January 2000 to October 2022. The databases used 

were: MEDLINE, LILACS, Scopus, SciELO, ScienceDirect, and 

EMBASE. The research strategy that we used is: “Autism 

Spectrum Disorder”, “Autistic Disorder”, “Stereotyped 

Behavior”, “Stereotypic Movement Disorder”, and 

“Neurotransmitter Agents”. Was used the descriptors, Mesh, 

EMTREE, and DeCS to the databases MEDLINE, EMBASE, and 

LILACS, respectively. The data analysis started in October 

2022 and finished in December 2022.  

 

Eligibility Criteria 

Inclusion criteria 

Articles that showed an association between increased 

or decreased activity of neurotransmitters in the central 

nervous system and manifestations of stereotyped motor 

behaviours were selected. Only original articles written in 

English, Spanish, or Portuguese and published from January 

2000 to October 2022 were considered. 

In vivo or ex vivo animal studies (mice and rats) of any 

age and both sexes receiving agonists or antagonists of 

neurotransmitters (serotonin, dopamine, glutamate, GABA, 
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norepinephrine, and acetylcholine), and who demonstrate 

stereotyped motor behaviours. There was no delimitation of 

doses and duration of treatment in the study protocols. 

 

Exclusion Criteria 

Articles were in the scope of the research question. 

Articles with insufficient data for analysis. Studies in which 

the methodology was insufficient to associate 

neurotransmitter activity and stereotypes. Publications in the 

form of reviews, letters, editorials, and comments. Human, 

in vitro, and in silico studies were excluded. Models of other 

species that are not in the inclusion criteria. Articles that did 

not have control groups and pilot studies were excluded. 

 

Risk Quality Assessment and Bias Report 

The authors conducted a risk of bias analysis using the 

OHAT Risk of Bias Rating Tool for Human and Animal Studies 

scale. This scale was constructed to be an objective way of 

analyzing bias in studies for humans and animals, 

eliminating potential threats to the validity of the study14. 

The scale aims to assess the risk of bias both concerning 

the methodology and the results of each study and is divided 

into 6 sections: Selection bias, Performance bias, 

Attriction/Exclusion bias, Detection bias, Selective Reporting 

bias and Other bias. The scale has 11 questions applied to 

studies with animals (unlike studies with humans, which are 

13 questions). Each response can be graded for risk of bias 

into "definitely high", "probably high", "probably low" and 
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"definitely low"14. The scale was applied to all manuscripts 

chosen to compose the present study. 

The quality assessment of the studies was carried out 

using the Quality Assessment of Controlled Intervention 

Study tool, a scale developed by the NHLBI in 2013. The 

scale was initially developed for studies with humans, 

needing to be adapted for the present study in animals, thus 

some scale questions were not applicable to the analyzed 

manuscripts15. 

The scale focuses on the internal validity of the studies 

and addresses, among other questions, whether the study is 

described as randomized, whether the allocation was 

randomized and blinded, whether the study was blinded, 

whether the groups are similar in baseline characteristics, 

whether there was loss of participants of the study, whether 

the participants adhered to the protocols of the study 

interventions, whether other types of intervention were 

avoided, whether there was a good evaluation of the 

outcome measures, whether the confidence interval was 

satisfactory, whether the results were pre-specified, and 

finally if all randomized participants were analyzed in the 

groups that were originally placed15. 

 

Strategy for Data Synthesis and Extraction 

Primarily, two independent reviewers searched the 

literature using the descriptors previously mentioned. Then, 

the duplicates were removed. After, the reviewers assessed 

all remaining titles and abstracts for eligibility. The full‐text 
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articles that were insufficient for determining eligibility were 

retrieved. The full text of the remaining articles that matched 

the inclusion criteria was analysed separately by these two 

reviewers. Due to disagreement between them about the 

eligibility of certain studies, a third reviewer decided if 

certain studies were included or not. Two independent 

reviewers performed the data extraction and research of the 

literature, using their knowledge of the subject of this review 

and inclusion criteria to analyse the results. The eligibility of 

the articles was judged independently by two groups with 

one reviewer. Each reviewer of each group screened the 

reference lists of all the included articles for any additional 

relevant studies. There were team meetings in each review 

phase to discuss criteria. Many abstracts and articles were 

pilot tested to ensure agreement. Discussion and consensus 

resolved disagreements among reviewers. There was no 

need to contact the study’s authors to identify additional or 

missing information yet to be published or lost. 

 

RESULTS 

A total of 3683 papers were found, after the inclusion 

and exclusion filters, in the six databases searched: Medline, 

Lilacs, SCOPUS, EMBASE, ScienceDirect, Web Of Science and 

Scielo. After this step, duplicates were excluded, so 36 

papers were manually removed.  Of the remaining 3647 

articles, 3620 were excluded for not meeting the inclusion or 

exclusion criteria or the objectives of this review, resulting in 

27 articles for full analysis. Seventeen articles were also 
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excluded because they did not meet the randomization 

criteria. Ten articles met the criteria for this paper and were 

included in the final review. The flow chart of study selection 

is shown in Figure 1.    

 

 

 

Figure 1. Flow chart of study selection. 
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All studies selected for this review were conducted with 

animals, either mice or rats. Among included papers, nine 

(90%) used mice and one (10%) used rats. Among mice, the 

most prevalent type for simulating stereotypic behaviors 

typical of Autism Spectrum Disorder was BTBR mice, so four 

studies (40%) evaluated this species. As for the behaviors 

that simulate stereotypies, the one with the highest 

prevalence was the grooming behavior and marble-burying, 

evaluated in five studies each (50%). Of the included 

studies, six (60%) evaluated the GABAergic system. The 

glutamatergic system was analyzed in one study (10%), 

another two (20%) analyse the serotoninergic system, and 

the dopaminergic system was studied by one paper (10%). 

Table 1 summarizes the main findings of this review. 

 

 

Table 1. Summary of the studies included in this review including the murine models 

used, behaviors evaluated, and neurotransmitters and receptors studied. 

 
Authors  Neurotransmitter Repetitive behavior Receptors 

Amodeo 201716 Serotonin Grooming 5TH2A 

Canal 201517 Serotonin Idiopathic stereotypic jumping; head-
twitching; stereotypic rotations 

5-HT7 and 5-
HT1A 

Mohammadi 
201918 

Glutamate Self-grooming; rearing NMDA 

Jiang 202219 GABA Marble-burying GABAB 

Jiang 202220 GABA Marble-burying GABAB 

Silverman 201521 GABA Self-grooming; stereotyped jumping GABAB 

Venkatachalam 
202122 

Dopamine Marble-burying D2R/D3R 

Yang 202123 GABA Marble-burying GABAA 

Yang 202124 GABA Self-grooming; Marble-Burying GABAA; 
GABAB 

Yoshimura 201725 GABA and 
Glutamate 

Self-grooming GABAA, 
mGluR5 

 

 

Bias analysis of the articles, performed using the OHAT 

scale, showed the following results: Regarding the 
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randomization of doses, 40% of the articles obtained a 

classification of definitely low risk of bias and 60% obtained 

a probable low risk of bias. As for allocation randomization, 

80% of the articles were classified as definitely low risk, and 

20% as likely low risk. It was also seen that in 90% of the 

articles, there was evidence that the conditions experienced 

by the animals were the same, definitely configuring a low 

risk of bias, and the other 10% showed a probable low risk. 

As for the research group being blinded to the study, 60% of 

the articles showed a probable low risk of bias, and 40% 

definitely showed low risk. In addition, 50% of the studies 

reported complete data without wear or exclusion from the 

analysis, definitely configuring a low risk of bias, while the 

other 50% denoted a likely low risk. All studies had a 

satisfactory confidence interval for the characterization of 

exposure (100% definitely low risk of bias). As for the 

evaluation of the results, 90% had significant confidence 

intervals (P<0.05), being considered as definitely low risk of 

bias, and 10% reported variable confidence intervals, that is, 

probable risk of bias. Furthermore, 100% of the studies 

reported all the results found. Finally, 80% of the studies 

definitely obtained a low risk of bias because no other 

potential threats of bias were identified, and the other 20% 

obtained a probable low risk of bias because they presented 

some potential threat of bias, such as a conflict of interest of 

the authors. The results are shown in Table 2. 
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Table 2. Risk of bias assessment based on OHAT tool.  

 
 

Selection 
bias 

Performance 
bias 

Attrition/exclusion 
bias 

Detection 
bias 

Selective 
reporting 
bias 

Other 
bias 

Question 1 2 5 6 7 8 9 10 11 

Amodeo 201716 + + + + + ++ ++ ++ + 

Canal 201517 ++ ++ ++ ++ + ++ + ++ ++ 

Mohammadi 
201918 

++ ++ ++ + ++ ++ ++ ++ ++ 

Jiang 202219 + ++ ++ + + ++ ++ ++ ++ 

Jiang 202220 + ++ ++ ++ ++ ++ ++ ++ ++ 

Silverman 
201521 

++ + ++ ++ ++ ++ ++ ++ ++ 

Venkatachalam 
202122 

+ ++ ++ + ++ ++ ++ ++ ++ 

Yang 202123 + ++ ++ + + ++ ++ ++ ++ 

Yang 202124 + ++ ++ + ++ ++ ++ ++ ++ 

Yoshimura 
201725 

++ ++ ++ ++ + ++ ++ ++ + 

Questions are grouped under 6 types of bias (selection, performance, attrition/exclusion, detection, selective reporting, 

and other bias). The selected question is applicable to experimental animal. Questions are rated by selecting among 4 

possible answers. Definitely Low risk of bias (++); Probably Low risk of bias (+); Probably High risk of bias (-); Definitely 

High risk of bias (--). Question 1: Was administered dose or exposure level adequately randomized?; Question 2: Was 
allocation to study groups adequately concealed?; Question 5: Were experimental conditions identical across study 

groups?; Question 6: Were the research personnel and human subjects blinded to the study group during the study?; 

Question 7: Were outcome data complete without attrition or exclusion from analysis?; Question 8: Can we be confident 

in the exposure characterization?; Question 9: Can we be confident in the outcome assessment?; Question 10: Were all 

measured outcomes reported?; Question 11: Were there no other potential threats to internal validity (e.g., statistical 

methods were appropriate and researchers adhered to the study protocol)?. 

 

 

The analysis of the quality of the studies, using the 

Quality Assessment of Controlled Intervention Study tool, 

showed: 100% of the studies were randomized, with 

appropriately randomized allocation. In addition, all animals 

participating in the studies have similar baseline 

characteristics. The proposed protocols were followed in all 

studies, and other interventions were avoided in order to 

avoid doubtful results. The results reported in the studies 

had been pre-specified and had a significant confidence 

interval (p<0.05). The dropout issue does not apply to 

mouse studies. Furthermore, 50% of the studies stated that 

research personnel were blind to the results and methods, 

while the other 50% reported no such result. Table 3 

summarizes the findings of each article.  
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Table 3. Quality assessment of controlled intervention study tool. 

Question 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Amodeo 201716 Yes Yes Yes NR NR Yes NA NA Yes Yes Yes Yes Yes Yes 

Canal 201517 Yes Yes Yes Yes Yes Yes NA NA Yes Yes Yes Yes Yes Yes 

Mohammadi 
201918 

Yes Yes Yes Yes Yes Yes NA NA Yes Yes Yes Yes Yes Yes 

Jiang 202219 Yes Yes Yes NR NR Yes NA NA Yes Yes Yes Yes Yes Yes 

Jiang 202220 Yes Yes Yes Yes Yes Yes NA NA Yes Yes Yes Yes Yes Yes 

Silverman 201521 Yes Yes Yes Yes Yes Yes NA NA Yes Yes Yes Yes Yes Yes 

Venkatachalam 
202122 

Yes Yes Yes NR NR Yes NA NA Yes Yes Yes Yes Yes Yes 

Yang 202123 Yes Yes Yes NR NR Yes NA NA Yes Yes Yes Yes Yes Yes 

Yang 202124 Yes Yes Yes NR NR Yes NA NA Yes Yes Yes Yes Yes Yes 

Yoshimura 201725 Yes Yes Yes Yes Yes Yes NA NA Yes Yes Yes Yes Yes Yes 
There are 14 questions with 3 possible answers: Yes, No and Other (CD, cannot determine; NA, not applicable; NR, not 

reported). Question 1: Was the study described as randomized, a randomized trial, a randomized clinical trial, or an RCT?. 
Question 2: Was the method of randomization adequate (i.e., use of randomly generated assignment)?. Question 3: Was 

the treatment allocation concealed (so that assignments could not be predicted)?. Question 4: Were study participants 

and providers blinded to treatment group assignment?. Question 5: Were the people assessing the outcomes blinded to 

the participants' group assignments?. Question 6: Were the groups similar at baseline on important characteristics that 

could affect outcomes (e.g., demographics, risk factors, co-morbid conditions)?. Question 7:  Was the overall drop-out 

rate from the study at endpoint 20% or lower of the number allocated to treatment?. Question 8: Was the differential 

drop-out rate (between treatment groups) at endpoint 15 percentage points or lower?. Question 9: Was there high 

adherence to the intervention protocols for each treatment group?. Question 10: Were other interventions avoided or 

similar in the groups (e.g., similar background treatments)?. Question 11: Were outcomes assessed using valid and 
reliable measures, implemented consistently across all study participants?. Question 12: Did the authors report that the 

sample size was sufficiently large to be able to detect a difference in the main outcome between groups with at least 80% 

power?. Question 13: Were outcomes reported or subgroups analyzed prespecified (i.e., identified before analyses were 

conducted)?. Question 14:  Were all randomized participants analyzed in the group to which they were originally assigned, 

i.e., did they use an intention-to-treat analysis?. 

 

 

DISCUSSION 

The discussion of this work was based on the 10 

selected articles that showed a good performance on the 

OHAT scale, thus, it is possible to state that the articles 

included and discussed in the present study were 

randomized and presented a low risk of bias, therefore being 

reliable and pertinent to the theme presented in this study. 

The quality analysis of the studies also confirms that the 

selected articles have good quality and internal validity, 

sufficient to extract important translational information 

about the ASD. 

 

Serotonin 

Serotonin (5-hydroxytryptamine, 5-HT) is a substance 

derived from 5-hydroxytryptophan that plays a 
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neurotransmitter role26,27 and has long been correlated with 

ASD. In 1961, Schain and Freedman found extremely high 

levels of serotonin in the blood of six of 23 children with ASD, 

i.e., about 26% of the study participants6. These findings 

suggested that serotonin may have a relevant role in the 

pathophysiology of ASD and allowed the emergence of a new 

field of research relating to serotonin and ASD. The receptors 

of the serotoninergic system that appear to be involved in 

the pathophysiology of stereotypies in ASD are 5HT2A, 5-HT6, 

5-HT1A, and 5-HT7
16,17,28-30.  

The serotonin 2A receptor (5HT2A) has multiple 

functions in the central nervous system (CNS), being present 

in brain areas responsible for cognition and social interaction. 

This receptor may be involved in the pathophysiology of 

several mental disorders such as schizophrenia, obsessive-

compulsive disorder, and attention deficit hyperactivity 

disorder31.  

In the stereotypies present in ASD, a study by Amadeo 

201616 showed that, from the infusion of M100907, a 5HT2A 

antagonist, into the dorsomedial striatum, a brain region 

often correlated with ASD and repetitive behaviors, there 

was a reduction of self-grooming in a mouse model exhibiting 

this behavior. A similar result was found in another study 

using the same agonist28, suggesting that activation of the 

serotoninergic system may be involved with the onset of 

stereotypic behaviors. Intraperitoneal administration of 

risperidone, which exerts blockade on dopaminergic D2 and 

serotoninergic 5-HT2A receptors, was also effective in 
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reducing stereotypies in mice at sedative doses, reinforcing 

the hypothesis that the 5-HT2A receptor is involved in the 

pathophysiology of stereotypic behaviors in ASD30.  

However, Amodeo 201616 also demonstrated that 

infusion of the 5HT2A antagonist, M100907, into the 

orbitofrontal cortex promoted increased stereotypies. The 

orbitofrontal cortex (OFC) is a brain area also associated with 

ASD and seems to correlate, mainly, with the communication 

deficits present in autistic individual32. However, the results 

demonstrated by Amodeo 201616 indicate that the OFC may 

also be related to the modulation of repetitive behaviors. 

Thus, it is possible to assume that the pathophysiology of 

stereotypies in ASD is multifactorial, and, therefore, new 

pharmacological treatments for stereotypies must have 

specific targets and locations, since the inhibition of the 

5HT2A receptor in the dorsomedial striatum and OFC in ASD 

models caused opposite behaviors. 

The 5-HT6 receptor also seems to be related to the 

manifestation of stereotypes in ASD29. Discovered in the 

1990s, the 5-HT6 receptor has a wide distribution in the 

central nervous system, being present in abundance in the 

striatum, as well as in the nucleus accumbens and cerebral 

cortex33. This receptor also appears to influence an 

individual's learning, cognition, and affective state, through 

the regulation of cholinergic and glutamatergic neuronal 

activities and which may be compromised in ASD1,33. By 

intraperitoneal administration of a 5-HT6 receptor antagonist 

(BCG 20-761 or Tocris) in mice with stereotypies, had a 
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significant reduction in this behavior occurred. This result 

also suggests that decreasing the activity of this receptor 

may reduce stereotypic behavior.  

Another serotonin receptor potentially involved in the 

pathophysiology of stereotypies is 5-HT1A. This receptor is 

widely expressed in several brain areas such as the 

thalamus, hypothalamus, and brainstem nuclei, among 

others, and may be involved in the pathophysiology of 

different mental disorders, such as ASD34. Playing an 

important role in regulating 5-HT release in the brain, it has 

been suggested that activation of this receptor can treat 

catalepsy and dyskinesia due to the suppression of striatal 

dopaminergic neurons, caused by serotoninergic action17.  

The 5-HT7 receptor is found in several brain areas but 

is highly expressed in the hypothalamus, and its regulation 

is associated with the pathophysiology of several disorders, 

including sleep disorders, unipolar depression, learning and 

memory problems, anxiety, and other disorders that are 

related to ASD35,36. It is also known that 5-HT7 receptors are 

also abundant in the thalamus, an important neural system 

in the regulation of motor behavior37.  

Indeed, 5-HT1A and 5-HT7 receptors appear to be 

involved in the manifestation of stereotypic behavior. By 

administering a partial agonist of these receptors, Canal 

201517 observed complete elimination or attenuation of 

idiopathic stereotypic repetitive behaviors of jumping, head-

twitching, and stereotypic rotations, indicating that such 
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receptors may be involved in the negative modulation of 

stereotypies.  

Therefore, different receptors of the serotoninergic 

system may play opposing roles concerning the modulation 

of stereotypic behaviors, possibly being influenced by other 

receptors and the site of activation. 

 

Dopamine 

Dopamine is a monoaminergic neurotransmitter, such 

as serotonin and norepinephrine, and contributes to the 

regulation of movements38,39. For this reason, dopamine is 

associated with several motor disorders, such as Parkinson's 

disease, which have pharmacological treatment based on 

dopamine13. Dopamine also appears to be involved in other 

neuropsychiatric disorders such as schizophrenia and 

obsessive-compulsive disorder40,41. Studies on the action of 

dopamine in ASD and the pathophysiology of stereotypes 

have been gaining importance since dopamine plays an 

important role mainly in striatal pathways, which correlate 

with motor control32,42-44. 

Dopaminergic D3 receptors (D3R) are important targets 

of antipsychotic drugs in the mesolimbic system and are 

related to the production of extrapyramidal symptoms. High 

expression of DRD3 receptor binding sites are found in the 

limbic striatum (nucleus accumbens and putamen), and in 

humans, D3R receptors are also highly expressed in the 

motor striatum. Coexpression with the D2 receptor occurs in 

many brain regions, including the thalamic nuclei and the 
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amygdala. In ASD, there are alterations in the basal ganglia 

in particular in the caudate nucleus. Repetitive and 

stereotyped behaviors may be associated with abnormalities 

present in the corpus striatum of autistic individuals. These 

changes may be related to polymorphisms in DRD3 gene45.  

Dopaminergic receptors, in general, share 

characteristics regarding their structure. D2 and D3 

receptors, for example, have expressive similarities (75%) 

about their transmembrane domains. These two receptors, 

together with the D1 receptor, seem to control the locomotor 

activity of the individual, acting in the ventral striatum. The 

D2 receptor has a synergistic action with the D1 receptor in 

reducing and increasing locomotor activity, respectively, 

while the D3 receptor seems to inhibit this activity, so a D3R 

antagonist stimulates motor activation46.  Therefore, altering 

the activity of these receptors may affect the individual's 

motricity, and may play a significant role in modulating 

stereotypes.  

In this context, since D2R and D3R have an inhibitory 

action on locomotor activity, it would be possible to assume 

that the activation of these receptors could reduce the 

frequency or duration of stereotypic behavior. However, 

Venkatachalam 202122 saw that chronic intraperitoneal 

administration of a dopamine and histamine receptor 

antagonist, respectively D2R/D3R and H3R, reduced the 

number of marble-burying in mice exhibiting such behaviors. 

In addition, another study saw that intraperitoneal treatment 

with risperidone in sedative doses affected reducing 
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stereotypies in mice30. Risperidone targets the D2 receptor, 

being an inverse agonist, i.e., having an antagonistic 

effect30,47. Thus, this study is also suggestive that increased 

dopamine release, through D2R inhibition, would be 

compatible with increased stereotypic behaviors.  

These results confirm the assumption of the existence 

of a relationship between increased dopaminergic release 

and the incidence of stereotypies. Despite the results found, 

the release of dopamine seems to be influenced by other 

neurotransmitters. For example, the H3 receptor acts as a 

postsynaptic heteroreceptor, that is, it is present in non-

histaminergic neurons, and therefore acts by regulating the 

release of other neurotransmitters, such as dopamine, 

serotonin, glutamate, GABA, and acetylcholine, which may 

justify the contradiction found48,49.   

Furthermore, the regulation of dopamine homeostasis 

relies on the dopamine transporter (DAT), a presynaptic 

transmembrane protein that regulates dopaminergic tone in 

the central nervous system through high-affinity reuptake by 

dopamine released into the synaptic cleft. Evidence suggests 

that DAT dysfunction leads to alterations in dopaminergic 

signaling, and this leads to changes in the pattern of 

behaviors associated with neuropsychiatric disorders, such 

as ASD. Mutations in this transporter (DAT) producing 

abnormal functions, characterized as a persistent reverse 

transport of DA (substrate efflux) have been linked to ASD. 

In an experiment using Drosophila melanogaster, expression 

of hDAT T356M in DA neurons-lacking Drosophila DAT led to 
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increased hyperlocomotion, a characteristic associated with 

dopaminergic changes in autism50. 

In a study using a genetically modified knockin mouse 

model in which threonine-methionine at site 356 (DAT 

T356M), a mutation identified in individuals with ASD, was 

replaced a reduction in abnormal DA reuptake and efflux was 

observed. The authors of this study concluded that excess 

DA in the synaptic space would result in desensitization of 

D2R receptors, reduced DA synthesis, and reduced total 

tissue DA content51. 

 

GABA 

GABA (γ-aminobutyric acid) is an inhibitory 

neurotransmitter related to several psychiatric disorders. 

This neurotransmitter, together with glutamate, plays an 

important role in controlling the excitation/inhibition 

balance, so that a decrease or increase in the activity of one 

of the two main neurotransmitters responsible for this 

balance may promote important organic repercussions9,10.  

The GABAergic system is responsible for many of the 

synapses in the CNS and has two types of receptors, GABAA 

and GABAB
10,52. Activation of GABAA receptors, an ionotropic 

receptor, promotes inhibition of neuronal membrane 

excitability usually by cellular hyperpolarization, through 

control of chloride flux in the cell52. Thus, the decreased 

functioning of GABAergic receptors would allow cell 

depolarization and thus the predominance of excitatory 

activity. 
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Alterations in the GABAergic signaling pathway are 

responsible for autism-like stereotypes in most animal 

models of ASD from experimental manipulation of candidate 

genes or environmental risk factors for autism susceptibility. 

The phenotypic features linked to ASDs are often associated 

with positive or negative regulation of GABAergic function. 

Alterations in GABA synthesizing enzymes such as GAD65 

and GAD67, variations in GABA release, and expression of 

particular GABAA receptor subtypes have been detected in 

patients with ASD53. 

Stereotyped movements, compulsive cleaning, 

impaired motor coordination, learning/memory deficits may 

be related to the deficiency of the MeCP2 protein in 

GABAergic neurons. This deficiency in a subset of GABAergic 

neurons in the prosencephalon also impairs motor 

coordination, causes repetitive behaviors, and alters control 

of sensory-motor activation and arousal, thus loss of MeCP2 

in GABAergic neurons, either globally or in a subset, signals 

for an abundance of neuropsychiatric phenotypes54. 

Concerning ASD, it has been seen that GABAA receptor 

agonists, as well as the action of positive allosteric 

modulators, reduce several stereotypic behaviors, such as 

grooming, marble burying, and head movements, in 

experiments using mice with autistic phenotypes23,25,55,56.  

In this context, Yang 202123 demonstrated that from 

the administration of clonazepam, considered a GABAA 

receptor agonist, in mice with autistic behaviors, there was 

attenuation of the evaluated behavior (marble-burying), with 
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a reduction in GABAergic neurotransmission also being 

evidenced in the medial prefrontal cortex of the offspring. 

Likewise, the inhibition of the GABAA receptor, through 

the administration of the antagonist picrotoxin, 

demonstrated an increase in self-grooming57. These results 

are consistent with the idea that stereotypes may be 

associated with increased excitatory activity in the CNS.  

Metabotropic GABAB receptors also promote cellular 

inhibition. Their inhibitory mechanism happens through the 

opening of potassium channels and the inhibition of calcium 

channels, promoting neuronal hyperpolarization52. 

Regarding stereotypes, similar to what was seen with GABAA 

receptors, Silverman 201521 showed that intraperitoneal 

administration of selective GABAB receptor agonist R-

baclofen and Baclofen strongly reduced stereotypic and 

repetitive behaviors in two mouse strains (BTBR and C58), 

such as self-grooming, high marble burying, and high 

vertical jumping. In addition to reducing stereotypies, this 

GABAergic agonist was shown to be able to reduce anxiety 

behaviors, therefore improving sociability deficits in mice 

exposed to valproic acid (VPA), as demonstrated by Jiang 

202219 and Jiang 202220.  

Thus, the pathophysiology of stereotypies may have a 

common path with the pathophysiology of the social behavior 

of the individual with autism, so that future treatments based 

on this neurotransmitter could improve all the central 

symptoms of ASD. Thus, new experimental studies focused 

on GABA agonism may demonstrate a great improvement in 
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the issue of sociability and motor behavior of these 

individuals. 

Confirming the results, a study that evaluated GABAA 

and GABAB receptor agonists demonstrated that the 

activation of these receptors can reverse the typical 

behaviors of autism in mice exposed to VPA. Furthermore, it 

was observed that these mice still have reduced GABAergic 

transmission, which supports the hypothesis of 

excitation/inhibition imbalance in individuals with ASD24. 

The results obtained are suggestive that reduced 

inhibition or increased neuronal excitability, i.e., loss of the 

excitation/inhibition balance represented by the 

neurotransmitters glutamate and GABA, result in increased 

excitability and may be associated with the onset of 

stereotypic behaviors in ASD. This also allows for the 

prospect of pharmacological therapy based not only on the 

antagonism of glutamatergic receptors but also on the 

agonism of GABAergic receptors to reduce these behaviors.  

Yoshimura 201725 performed an experiment using 

several allosteric modulators in mice that exhibited autistic 

behaviors. The study concluded that the excitation/inhibition 

balance between glutamate and GABA could have a 

significant component in the pathophysiology of these 

behaviors. It was seen that the treatment of animals with 

autistic traits with a negative allosteric modulator of the 

mGluR5 receptor, was effective in reducing the time of self-

grooming in relation to the control group. Furthermore, it 
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was seen that treatment with positive allosteric modulators 

of GABAA receptors also reduced self-grooming time. 

One example with great potential for pharmacological 

therapy in ASD is bumetanide, which potentiates the action 

of γ-aminobutyric acid (GABA), altering the balance of 

synaptic excitation-inhibition, and decreasing the severity of 

ASD in animal models. Although the clinical evidence on the 

efficacy of this drug in children with ASD is still limited, a 

recently published clinical study shows positive results in 

decreasing the core symptoms of ASD, being associated with 

the reduction of the GABA/Glutamate ratio58. 

Thus, the results obtained suggest that the activation 

of the GABAergic system would be compatible with the 

reduction of stereotypic behaviors. In this context, since 

glutamatergic activation increases stereotypies and 

GABAergic activation reduces them, part of the 

pathophysiology of stereotypies may be explained by the loss 

of excitation-inhibition balance.  

Concerning the excitation-inhibition (E-I) balance, it is 

necessary to understand that the quantity of excitatory and 

inhibitory synapses that occur in the central nervous system 

is kept in balance for the execution of a certain function. 

Thus, for a certain activity, with an increase in the number 

of excitatory synapses, there will be an increase in function, 

and with an increase in the number of inhibitory synapses, 

there will be a reduction in function. This balance is present 

at many levels, from neuronal to complex cortical circuits59.   
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The neurotransmitters commonly related to the 

excitation-inhibition balance are glutamate and GABA, the 

former being responsible for the excitatory activity and the 

latter for the inhibitory activity, and there must be a 

coordination of stimuli between them to exist the 

balance60,61.  

In this context, alterations in normal development, such 

as mutations in genes that express GABAergic neurons and 

mutations in glutamatergic transporters, can impact this 

balance in a way that leads to the predominance of excitatory 

or inhibitory functions in certain areas of the CNS, which may 

be related to the onset of neuropsychiatric pathologies or 

disorders59,61.    

Based on this, E-I imbalance may be relevant in the 

pathophysiology of ASD, so there is evidence that primary 

defects in excitatory or inhibitory activity may trigger certain 

features of this disorder, especially related to social 

interaction deficits59,60,62.  

As for stereotypic behaviors, there are no significant 

amount of studies correlating stereotypies with E-I balance. 

However, a mouse experiment revealed that hypofunction of 

TRIO63, a regulator of neuronal development, especially in 

the Guanine Nucleotide Exchange Factor 1 (GEF1) domain is 

related to both E-I imbalance, with decreased GABAergic 

activity, and behaviors typical of ASD63,64. In this study, they 

concluded that mice with TRIO dysfunction had increased 

stereotypic behaviors, as well as other behaviors related to 



 
 

26 
 

Rev Neurocienc 2023;31:1-40. 

ASD, which were corrected from the activation of the 

GABAergic system63.  

Thus, it is possible to conclude that the loss of 

excitation/inhibition balance, represented by the 

neurotransmitters glutamate and GABA, may be associated 

with the onset of stereotyped behaviors in ASD.  This allows 

for the prospect of a pharmacological therapy based on 

specific therapeutic targets related to excitation-inhibition 

balance.  However, more studies are needed to elucidate the 

topic.  

 

Glutamate 

Glutamate is a molecule involved in excitatory 

neurotransmission and neuromodulation and is partially 

responsible for maintaining the excitation/inhibition balance 

in the CNS7. In the glutamatergic system, there are three 

groups of receptors: the metabotropic (mGluR), with several 

subtypes, and the ionotropic NMDA (N-methyl-D-aspartate) 

and AMPA (α-amino-3-hydroxy-5-methyl-4-

isoxazolepropionic acid). These receptor groups interact with 

each other so that glutamatergic synapses can be mediated 

by different combinations of receptors8. 

The glutamatergic system is closely related to 

neurotoxicity and is involved in the pathophysiology of 

several neurodegenerative diseases8. Specifically, about 

ASD, there is new evidence that changes in the 

excitation/inhibition balance, as well as in the glutamatergic 
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system in the CNS, may be part of the pathophysiology of 

this disorder44,65-68. 

The mGluR receptor subtypes act in the activation and 

inhibition of intracellular signaling, and this mechanism may 

be involved in the genesis of stereotypic behaviors8. 

Pharmacological activation of the mGluR5 receptor, by 

administration of agonists, intraperitoneally or brain 

stereotactically, produces stereotypic behaviors, while its 

suppression, observed by administration of the antagonist 

MPEP (a negative allosteric modulator), seems effective in 

reducing various types of stereotypies in animals with 

autistic behaviors30,67,69,70.  

The mGluR2/3 and mGluR1 receptors may also be 

involved in the pathophysiology of stereotypies in ASD. 

Suppression of mGluR2/3 by an antagonist promotes the 

onset of grooming and inhibition of marble-burying in WT 

mice, and administration of mGluR1 antagonist also has 

effects in reducing marble-burying in Eif4ebp2-/- mice67,71. 

These results may indicate that the pathophysiology of 

stereotypic behaviors may differ from each other, so there 

are possibly other factors involved that may influence the 

results, such as the animal species investigated and receptor 

interaction.  

Ionotropic glutamatergic NMDA receptors, voltage-

dependent receptors, are activated by AMPA-kainate 

receptors, which promote rapid responses, are voltage-

independent, and are located next to NMDA receptors. When 

activated, the NMDA receptors act to further increase the 
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depolarization initiated by the AMPA receptors8. There is 

evidence that the NMDA receptor can also influence the onset 

of stereotypies18,72,73.  

From the administration of the NMDA receptor 

antagonist MK-801, Mohammadi 201918 showed a reduction 

in stereotypies such as grooming occurs in mice with typical 

ASD behaviors. Another study using memantine, an 

antagonist of the same receptor, was also effective in 

showing a reduction in jumping, another stereotyped 

behavior, which reinforces the theory that the activation of 

this receptor may be correlated to the emergence of 

stereotypic behaviors72. 

Furthermore, the direct injection of NMDA promoted an 

increase in self-grooming without affecting the mice's motor 

coordination. This result opens up the possibility that NMDA 

is a safe therapeutic target for individuals with ASD, as it can 

result in the improvement of stereotypies, without having 

motor side effects74,75. Already, the administration of D-

cycloserine, a substance that acts as an NMDA receptor 

agonist at low doses, but an antagonist at high doses, 

improved the marble-burying behavior of mice exposed to 

valproic acid73,76. 

Thus, both metabotropic and ionotropic glutamatergic 

receptors appear to be involved in the pathophysiology of 

stereotypies in ASD. It is also possible that the interaction 

between the different receptors promotes different 

responses in the regulation of these behaviors. Despite the 

differences in results, in general, studies suggest that 
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increased activity of the glutamatergic may be correlated 

with the appearance of stereotypies in individuals with ASD, 

which allows a new line of pharmacological treatment of 

stereotypies targeting glutamatergic receptors in the 

striatum and hippocampus.  

 

Acetylcholine 

This neurotransmitter also seems to be associated with 

stereotypies in autism, but it was not addressed in the 

manuscripts selected for this work. In this way, we think it is 

important to bring some important information extracted 

from articles that did not fit any of the inclusion criteria, but 

we believe that it may provide a basis for a better 

understanding of stereotypies in ASD. 

Acetylcholine is a brain excitatory neurotransmitter, 

which is involved in cell proliferation and regulation and the 

development of the central nervous system. This 

neurotransmitter is present in several regions of the CNS, 

such as the cerebral cortex, hippocampus, and brainstem11. 

In the central nervous system (CNS), acetylcholine (ACh) 

plays an important role in the response to environmental 

stimuli, responding according to their characteristics. 

Therefore, it performs the function of regulating relevant 

behaviors in people with ASD, in which attention, cognitive 

flexibility, social interactions, and stereotyped behaviors are 

included12. 

Many pieces of evidence associate the cholinergic 

system with ASD. As an example, we can cite that neurons 
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in a basal forebrain cholinergic nucleus of patients with ASD 

are unusual in number, size, and structure. In addition, low 

concentrations of choline, the precursor of ACh, have been 

found. It is estimated that low levels of cytosolic choline are 

associated with the severity of autism and that they may 

repercussion in a higher intensity of stereotypies12. 

Immunohistochemical evaluation of postmortem 

tissues revealed a reduction of several nAChR subunits and 

M1-type muscarinic-cholinergic receptors (mAChR) in the 

neocortex, cerebellum, thalamus, and corpus striatum of 

patients with ASD. One method of reaching the cholinergic 

system is through modulation of its receptors77.  

Muscarinic acetylcholine receptors (mAChRs), coupled 

to the G protein, have excitatory and inhibitory functions in 

the central nervous system, being part of postsynaptic 

excitation and pre and postsynaptic inhibition, even 

possessing mechanisms of self-inhibition78. There is evidence 

that these receptors can also modulate dopaminergic activity 

in some brain areas, such as the dorsal striatum, which has 

been associated with the development of stereotypes19,79. O

 Oxytremonine (mAChR agonist) causes decreased self-

grooming behavior in BTBR mice80. This indicates that 

activation of the cholinergic system is related to the 

suppression of stereotypic behaviors in individuals with ASD.  

However, there is likely an interaction of acetylcholine 

with other neurotransmitters in the central nervous system, 

so the increase or suppression of stereotypies would occur 

due to several factors. In addition, it is possible that nicotinic 
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receptors of acetylcholine also exert influence on the onset 

of this behavior, as activation of brain neuronal components 

is also mediated by these receptors79.  

Based on the hypothesis that the increase in 

acetylcholine in the synaptic cleft caused by 

acetylcholinesterase inhibition would improve autistic 

phenotypes, a murine model study was conducted using 

donepezil, a centrally acting anticholinesterase and it was 

concluded that the elevation of ACh levels led to a significant 

improvement in cognition and social interactions, but failed 

to improve repetitive self-grooming and digging12. A possible 

explanation for this is because the onset to cease motor 

stereotypies depends on the balance between dopamine and 

cholinergic AChRs receptors in the striatum12.   

Prenatal exposure of rats and mice to valproic acid 

(VPA) in the model of autism induces dysregulation of 

cholinergic neuronal development, mainly the upregulation 

of acetylcholinesterase (AChE) in the prefrontal cortex. Sub 

chronic treatment with an anticholinesterase agent, 

donepezil, was able to improve sociability, as well as prevent 

repetitive behavior and hyperactivity in the offspring of mice 

induced ASD by VPA81. However further studies on the 

association between acetylcholine and stereotypies are 

needed to elucidate the issue.  

 

Study limitations and future perspectives 

As this work is a systematic review with studies carried 

out exclusively with animals (mice and rats), the study itself 
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already presents a translational bias regarding the species. 

Despite the similarity between the DNA of these animals and 

humans, the extrapolation of all results to the human species 

is not guaranteed. 

It was also not possible to perform a meta-analysis of 

the results since the pattern of studies was heterogeneous. 

Furthermore, only manuscripts published in English, Spanish 

and Portuguese were included from the search, so it is 

possible that, although rare, some relevant work published 

in another language was not included. 

Finally, this study managed to cover only five important 

neurotransmitters, which, although they have been widely 

associated with stereotypies, do not prevent other 

neurotransmitters not included or not detected by this study 

from being addressed. In this context, it is worth questioning 

whether other neurotransmitters not addressed in the study 

may affect these behaviors, in order to explain the 

discrepancies in some results of the study. 

In this way, we emphasize the fact that in perspective 

for future works, it can be verified how neurotransmitters act 

depending on the brain area, that is, a clearer mapping of 

the role of neurotransmitters in the different brain areas. In 

addition, we can highlight that the molecular knowledge of 

the pathophysiology of ASD may positively impact the 

treatment of stereotypies, which is one of the core symptoms 

of autism and which does not find treatment available to 

date, therefore studies in this area are fundamental 

importance and relevance. 
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CONCLUSIONS 

This systematic review was conducted based on articles 

that used animal models of ASD to facilitate the study and 

understanding of the neuromodulatory mechanisms involved 

in stereotypies. We consider that the articles included in this 

study have a low risk of bias and good internal validity, so it 

is very plausible that neurotransmitters play a central role in 

stereotypies in ASD. These types of studies and findings are 

critical in providing information that can be used in clinical 

applications, as well as providing new insights into the 

pathogenesis and management of ASD.  

There is strong evidence of correlations between 

neurotransmitter levels in certain brain regions and the 

appearance of stereotypies in ASD. The most studied 

neurotransmitters that point to a significant impact in 

modulating these behaviors are serotonin, dopamine, GABA, 

glutamate, and acetylcholine. It is not yet possible to fully 

map the pathophysiological role of neurotransmitters and all 

their communication possibilities in each specific region of 

the brain. 

The implication of the dopaminergic and serotoninergic 

pathways in ASD are to some extent well-proven, and drugs 

such as risperidone and Selective Serotonin Reuptake 

Inhibitors (SSRIs) have been used for some time to treat 

many of the symptoms present in autistic people. Concerning 

GABAergic neurotransmission, we may soon have available 

a drug that acts by potentiating this pathway, such as 

bumetanide. 
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The glutamatergic pathway contributes to the increase 

in stereotypes because an action that potentiates this 

pathway increases excitatory stimuli, but there is no 

antagonist drug of this pathway in use for the control of these 

movement disorders. 

As for the cholinergic system, the deregulation of this 

system can result in important pathophysiological changes, 

including impacts on the dopaminergic system, which are 

directly linked to motor disorders. In individuals with ASD, 

the activation of the cholinergic system is related to the 

suppression of stereotyped behaviors. Preliminary studies 

point to the use of cholinesterase inhibitors in ASD, but with 

no evidence to reduce stereotypies. 
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