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ABSTRACT 

Growing evidence suggests that the Sulforaphane promising agent against oxidative stress related to Autism 

Spectrum Disorder (ASD), can reduce signs and symptoms like impaired communication and socialization, 

stereotyped behaviour and neurodevelopmental abnormalities. The oral and intestinal microbiota is 

extremely important, when out of balance, is one of the main causes of various desordens in the human 

organism. Broccoli is one of the functional foods most investigated by science. It contains Sulforaphane, 

an isothiocyanate with great antioxidant and anti-inflammatory capacity; with studies focusing on 

neurodegenerative and neurodevelopmental diseases. The bibliographic survey was carried out on the 

Pubmed platform, between 2013 and 2023, in informations provided for Ministério da Saúde – Brasil and 

in nutrition books.  This is a systematic review on Sulforaphane supplementation for people with ASD and 

its implications for controlling the symptoms that most affect this population, opens a new avenue for 

managing autistic patients through non-pharmacological intervention. 
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RESUMO 

Evidências crescentes sugerem que o Sulforafano é um agente promissor contra o estresse oxidativo 

relacionado ao Transtorno do Espectro Autista (TEA), que pode atenuar sinais e sintomas como 

comunicação e socialização prejudicadas, comportamento estereotipado e problemas de 

neurodesenvolvimento. A microbiota oral e intestinal é extremamente importante, quando desequilibrada, 

é uma das principais causas de diversas desordens no organismo humano. O brócolis é um dos alimentos 

funcionais mais investigados pela ciência. Contém Sulforafano, um isotiocianato com grande capacidade 

antioxidante e anti-inflamatória; com estudos voltados às doenças neurodegenerativas e do 

neurodesenvolvimento. O levantamento bibliográfico foi realizado na plataforma Pubmed, entre 2013 e 

2023, em informações fornecidas pelo Ministério da Saúde – Brasil e em livros de nutrição. Essa é uma 

revisão sistemática sobre a suplementação do Sulforafano para pessoas com TEA e suas implicações no 

controle dos sintomas que mais acometem essa população, abre um novo caminho, não farmacológico, para 

o manejo de pacientes autistas.  

Palavras-chave: Microbiota Oral; Fitoquímicos; Transtorno do Espectro Autista – TEA; Sulforafano; 

 

 

INTRODUCTION 

Autism Spectrum Disorder (ASD) is mainly characterized by impaired communication, 

language, and socialization, repetitive, and stereotyped behavior, affecting mainly male individuals, 

characterized by neurodevelopmental problems. Still without a cure, it is a major challenge with 

increasing numbers of cases/diagnoses for medicine and science (Singh et al., 2014). 

Neuromodulators that play a key role in emotional regulation, behavior and social interaction are 

compromised due to alterations in endocannabinoid metabolism in individuals with ASD (Kelly et 

al., 2019). Half of them are medicated with psychotropic drugs, despite the lack of evidence on their 

efficacy (Siafis et al., 2022). 

The increase in the incidence of ASD in several countries has a significant impact on society 

in general, their families, and especially the individuals themselves, both because of the difficulty 

of assertive treatment and the cost, due to the lack of knowledge of the processes and procedures 

that still involve ASD, even the diagnosis itself. The causes are unknown, but believes that there is 

a strong genetic and epigenetic influence, timing and environment, which in interaction, modulate 

the development of each individual (Li et al., 2019). Despite the diagnostic complexity, also due to 

the broad profile of the spectrum itself, autism shows signs and symptoms from the first years of 

life (James et al., 2004). 

With extreme clinical relevance, the oral microbiota, when out of balance, is one of the 

main causes of oral diseases, which can lead to various other diseases, including systemic ones. Its 

analysis is the key to the diagnosis, onset and progression of pathologies. DNA sequencing methods 

and other molecular tools improve the understanding of the human oral microbiota, bring about the 

concept of the "personal microbiome", and contribute to the effectiveness and individualization of 

medical treatments (Moon et al., 2016). 
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Studies seek to understand the formation of individuals and conclude that the induction of 

the mother's immune system, due to various inflammations, such as obesity, stress and 

gastrointestinal problems, during pregnancy, brings brain damage to the fetus and contributes to the 

emergence of neuropsychiatric and neurodevelopmental disorders, such as those related to ASD. 

There is also a significant amount of association with cases of autism in pregnant women who 

suffered viral infections in the first trimester of pregnancy, and in a smaller number of mothers who 

suffered bacterial infections in the second trimester of pregnancy. The activation of the immune 

system seems to happen early, already in the gestational period and remains after birth, which shows 

a continuous deregulation of this system, with high amounts of cytokines, chemokines and 

interleukins; a situation related to aberrant behavior and impaired communication; brain and 

gastrointestinal inflammation (Patterson, 2011). 

DNA methylation, histone code modification and microRNA regulation can promote 

epigenetic changes during development. Patterns in the genome that can be altered shortly after 

fertilization, and pre-implantation. Epigenetic mechanisms are extremely dynamic, stable but not 

static, and directly influence cell differentiation. Their deregulation can even trigger the disordered 

growth of cells, such as cancer cells, but they can be easily modulated by the environment, including 

diet. Although there is still much to understand about the human epigenome, such as the influence 

caused by lifestyle and ageing (Berdasco; Esteller, 2010). 

Animal studies show that in addition to genetic influences, the maternal intestinal 

microbiota can be correlated with consequences for the fetus, as it influences the formation of the 

nervous, endocrine and immune systems, through the gut-brain axis (Kang et al., 2017). Situations 

and treatments that the mother undergoes during prenatal care are also relevant, such as exposure to 

certain types of drugs and/or toxins (Dietert et al., 2011). It has been proven that the microbiota of 

children with ASD is significantly altered. Research based on other studies suggests that they 

contain harmful bacterial genera or species that aggravate ASD symptoms. Mothers of children with 

ASD also have alterations in their gut microbiome (Li et al., 2019). 

Epigenetics regulates behavior and gene expression. In nutritional epigenomics, 

phytochemicals aim to enhance quality of life by modulating gene expression – activating or 

deactivating them – in a manner beneficial to the individual, without altering the DNA sequence. 

The most studied epigenetic mechanisms are DNA methylation, modulation of the histone code and 

microRNAs. Extremely refined and coordinated mechanisms of the human organism, which are 

greatly influenced by the environment, our lifestyle, emotions, diet and physical activity, directly 

influencing the microorganisms that inhabit us and consequently ourselves (Bruno; Castro, 2021). 

Research on natural compounds aimed at boosting the host’s immunity holds promise for 

maintaining overall health and improving clinical signs and biochemical markers, with various 

beneficial properties for humans and animals, including the maintaining of a well-balanced oral 

microbiota (Mooney et al., 2021). The constant search for preventive health strategies, which help 
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medical treatments and bring quality of life, has led researchers to study phytochemicals, which are 

abundant in foods such as fruit, vegetables and legumes, as their constant consumption helps fight 

diseases due to their antioxidant and anti-inflammatory actions, acting as protectors of the body 

(Arnoso et al., 2019). 

Phytochemicals are present in plant physiology in great quantity and diversity. They play a 

crucial role in plant growth and defense against parasites and predators. Their colors, aromas and 

flavors, along with mechanisms of action extending beyond modulating oxidative stress, have 

demonstrated antioxidant activity. This is associated with a reducing in the manifestation of chronic 

diseases, including neurodegenerative, cardiovascular diseases, and diabetes mellitus, with 

antibacterial and antiviral action, such as organosulfur compounds - isothiocyanates, allylic and 

allylic sulfur compounds. They reduce the action of advanced glycation agents and free radicals, 

reducing mutagenic lesions and DNA fragmentation (Bruno; Castro, 2021). 

According to the Ministry of Health's Virtual Health Library (2009), broccoli is one of the 

functional foods most investigated by science. Described by its biochemical compounds originating 

from indoles and isothiocyanates, its main action is as an inducer of antioxidant enzymes. They also 

include cauliflower, cabbage, Brussels sprouts, radish, turnip and mustard; the Brassicas or 

Crusciferae (vegetables rich in glucosinolates, compounds that produce Sulforaphane). These foods 

provide inherent nutritional value through their chemical composition, reducing signs and 

symptoms of chronic diseases when consumed regularly in moderation as part of a balanced diet 

and healthy lifestyle. Its inclusion in the diet can bring various benefits to autistic people. 

Sulforaphane, an isothiocyanate presente in cruciferous vegetables like broccoli, is a 

phytochemical known for its potente antioxidant, anti-inflammatory, and mitochondrial protective 

properties, with studies focused on neurodegenerative and neurodevelopmental diseases. Rich in 

sulphur, it can cross the blood-brain barrier, express more than 200 antioxidant genes through the 

induction of the nuclear factor erythroid 2-related factor 2 (Nrf2) signaling cascade, helping in the 

process of detoxification and neuroprotection of the CNS, reducing reactive oxygen species (ROS) 

and superoxides. It increases cell apoptosis, inhibits pro-inflammatory cytokines, protects neurons 

against Aβ42-mediated cytotoxicity, as well as heme toxicity (Aishworiya et al., 2022). The Nrf2 

pathway, hypoxia-inducible factor 1 (HO-1), is the target of studies against oxidative stress, 

considered one of the main means of preserving endothelial cells (Zhang et al., 2021). Its 

administration in humans is very well tolerated (Kensler et al., 2012). 

ASD is usually associated with many cases of autoimmune diseases, gastrointestinal and 

consequently oral dysbiosis (James et al., 2004). The use of Sulforaphane as a supplementation 

strategy for autism was based on the large number of studies found that prove its safety and 

efficacy. There is evidence that the compound neutralizes various biochemical and molecular 

abnormalities related to ASD, including problems in glutathione synthesis, mitochondrial 

dysfunction, impaired oxidative phosphorylation, increased reactive oxygen species, lipid 
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peroxides and neuroinflammation. Even though they are not symptoms for diagnosing ASD, their 

improvement usually brings significant benefits for these patients and balances the oral 

microbiota (Aishworiya et al., 2022). Assertive treatments for this public are still limited, which 

is why it is important to develop such studies. 

 

OBJECTIVE 

Systematic review on Sulforaphane supplementation for individuals diagnosed with 

Autism Spectrum Disorder (ASD) and exploring its potential to mitigate the symptoms that 

significantly impact this population, including neurological, cognitive, behavioral and 

gastrointestinal aspects. 

METHODOLOGY 

The research was conducted using the Digital Library of Theses and Dissertations of the 

University of São Paulo (USP) and the Pubmed platform. Articles considered for this study were  

published between 2013 and 2023 and were available as Free Full Text. The primary keywords 

employed were "Sulforaphane," "Sulforaphane and ASD," "Sulforaphane, Oral Microbiota and 

ASD," "Isothicyanate and Thyroid", and "Sulforaphane and Glucoraphanin". Additionally, 

relevant books on Nutrition, Health, Phytochemicals, and Healthy Eating were consulted, 

focusing on Sulforaphane’s role in the detoxification process and its influence on the oral and 

intestinal microbiota. Data from the Ministry of Health, Brazil, were also included in the research. 

Studies considered to be of low methodological quality, which did not presente clear and reliable 

criteria, were excluded. 

RESULT AND DISCUSSION 

The research results were derived from the analysis of 34 articles, data obtained from the 

Pubmed platform, Digital Library of Theses and Dissertations of the University of São Paulo 

(USP), data from Brazilian Ministry of Health, and insights from the book “Chás & Shots” 

(Bruno; Castro, 2021), all of which are elaborated in the bibliographical references at the end of 

this article. The consensus across these sources highlights the beneficial aspects of employing 

Sulforaphane as a supplement and its interconnected impact on various bodily systems. 

The human brain has the ability to analyze particles from plant and animal foods and 

generate responses. Contact with the nasal cavity, oral cavity, esophagus, stomach and intestine, 

in order to be absorbed, promotes chain reactions for better use and/or elimination when it reaches 

the large intestine, also with benefits, interaction and modulation of the local microbiome. 

Although there is genetic and epigenetic individuality, synergy with the phytochemical and 

timing, many studies have proven its effects (Bruno; Castro, 2021). A study carried out on 
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hyperuricemic rats showed that Sulforaphane reduced uric acid and urate synthesis, facilitated 

renal excretion and metabolism, and consequently increased the diversity of the intestinal 

microbiota and renal protection by promoting epigenetic changes through Nrf2 (Wang et al., 

2022). 

 As a strategy for diagnosing ASD, new biomarkers are being used to understand the 

pathophysiology of ASD by discovering changes in amino acids, and reactive oxidative stress, 

neurotransmitters, and the functioning of the gut-brain axis. Metabolomics studies are being 

carried out to investigate possible alterations in the metabolic pathways of ASD patients 

(Likhitweerawong et al., 2021). Good results have been obtained in the search for a reduction in 

maternal inflammatory processes in pregnant mice, which could affect the fetus, confirming the 

importance of the search for modulation of the immune system while it is still being formed 

(Patterson, 2011). 

 Aisworiva et al. (2022) also demontrated that numerous studies have highlighted the 

positive effects of using Sulforaphane in patients diagnosed with ASD. Many of these studies 

were carried out with children, who despite not showing a significant improvement in the Ohio 

Autism Clinical Impressions Scale, showed a significant improvement in biomarkers, including 

the redox status of glutathione, mitochondrial respiration, inflammatory markers and heat shock 

proteins with Sulforaphane versus placebo, a condition related to evolution on the ABC (Aberrant 

Behavior Checklist) scale. Likhitweerawong et al. (2021) reinforces that Sulforaphane is capable 

of improving immunity through the activation of Nrf2, due to its anti-inflammatory and 

antioxidant actions, effects already found in animal studies. 

Due to the strong association of ASD symptoms with oxidative stress pathways 

(Chauhan; Chauhan, 2006), glycation and protein oxidation, with a large increase in advanced 

glycation end products (AGEs) - an action that may be related to lipid peroxidation - the use of 

phytochemicals as an antioxidant strategy is believed to be of interest, with Sulforaphane as a 

possible way of reversing disordered metabolic pathways related to ASD, mitochondrial 

dysfunction, and neuroinflammation. Intake of Sulforaphane has been shown to improve not only 

ASD behavior, but also metabolic regulation, with urine tests showing an increase in antioxidants 

such as y-glutamylglutamine, methionine sulfone and sphingomyelin, which had previously been 

found to be reduced in this population, and its restoration is important for improving ASD 

symptoms (Likhitweerawong et al., 2021). 

Sulforaphane as a promising agent in the prevention of diseases related to oxidative stress. 

Despite concerns regarding potential thyroid toxicity, researchers question this possibility. They 

argue that it is often based on short and/or inconsistent studies. Moreover, a substantial body of 

research overwhelmingly supports the benefits of Sulforaphane without any observed harm. In 

this study, using a drink enriched with Sulforaphane and glucoraphanin, its precursor, biochemical 

measures of thyroid function and autoimmune thyroid disease were analyzed in 45 women over 
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84 days. Serum levels of thyroid-stimulating hormones, free thyroxine and thyroglobulin were 

not affected by the treatment, and the participants' thyroid autoimmunity remained unchanged. 

The study thus provides evidence in favor of the safety of its administration (Chartoumpekis et 

al., 2019). 

According to studies on crucifers, their consumption needs to be excessive to cause any 

dysfunction in thyroid function. One example is an 88-year-old Chinese woman who included 

around 1.0 to 1.5 kg of raw bok choy (a type of Chinese cabbage) in her diet every day for several 

months to try to control her diabetes. She was admitted to the intensive care unit with a diagnosis 

of severe hypothyroidism, with a myxedematous coma, despite having no history of previous 

thyroid problems. Despite the seriousness of the case, she was medicated and recovered. This was 

because Brassicas contain glucosinolates, and some of the products of their decomposition are 

thiocyanates, nitriles and oxazolidines, which have inhibitory effects on the thyroid. It is 

important to remember that Brassicas, when eaten raw, release the enzyme myrosinase, which 

enhances the hydrolysis effect of glucosinolates. Cooking this type of vegetable deactivates a 

large part of the effect of this enzyme. The excess and inappropriate use led to all the health 

complications in the case reported (Chu et al., 2010). 

Small molecules such as phytochemicals, including Sulforaphane, have been shown in vitro 

to have therapeutic potential for the human body, and can bring various benefits by reducing 

manifestations of genetic disorders, activating the "stress proteome", which regulates harmful events 

in the body, common in individuals with ASD (Brose et al., 2012). They fight free radicals through 

antioxidant action by inducing phase II detoxification enzymes such as quinone oxidases, 

glycuronosyl-S-transferases and glutathione-S-transferases (Holst; Williamson, 2004; Halkier; 

Gershenzon, 2006; Abdull et al., 2010). 

As a result of the hydrolysis of the glucosinolate glicoraphanin (4-methylsulfinibutyl 

glucosinolate), found in broccoli, the isothiocyanate Sulforaphane (4-methylsulfinyl isothiocyanate) 

is made available, with potential induction of phase II enzymes, preventing the development of 

tumors, impeding their cell cycle and bringing about their apoptosis (Thornalley, 2002; Abdull et 

al., 2010). Also according to Santos, (2019) Sulforaphane has shown great antioxidant potential, 

even in minimal doses, with an antitumor effect on liver cells, HepG2 and human gastric GAS cells, 

preventing their development and apoptosis of these cells with higher doses of this phytochemical. 

The gene expression. of Histone deacetylases (HDAC) was reduced. It is easily absorbed by 

epithelial cells and rapidly bioavailable. Sulforaphane's anti-tumor and cell-protective capacity has 

increased interest in its study.  

Singh et al. (2014), obtained significant results in this study with 26 participants who 

received treatment with Sulforaphane (daily oral doses of Sulforaphane 50 - 150 µmol, for 18 weeks, 

with 4 weeks rest, totaling 22 weeks), compared to 14 who received the placebo. Initially, there was 

not a notable difference; however, by the end of the 18 weeks, a history of improvement emerged, 



CLIUM.ORG | 210 

 

evidente in significant changes in the total behavioral scores measured by the ABC (Aberrant 

Behavior Checklist) and SRS (Social Responsiveness Scale). In the Sulforaphane group, there was 

a 34% reduction in the ABC scores and a 17% reduction in the SRS scores on average, while in the 

placebo group there was a 3.3% improvement. With a tendency for the ABC and SRS sub-scores to 

regress to baseline after stopping treatment, as shown in Figures 1 and 2 below. 

 

Figure 1 - Representation of the changes in the ABC Test and SRS scores applied to both groups, 

Placebo (in red) and Sulforaphane (in blue): 

 

Legend: Forty male participants with ASD in the placebo (initially n = 14) or Sulforaphane (initially n = 

26) group for 4, 10 and 18 weeks, followed by a terminal 4-week period without treatment (22 weeks). 

Panels A (ABC) and D (SRS) show all observations. The mean changes in raw and unadjusted total 

scores (± SEM) at 4, 10, 18 and 22 weeks are shown in B for ABC and E for SRS. Reductions in ABC 

scores after Sulforaphane treatment were -20.2% ( P = 0.035), -31.5% ( P = 0.002) and -33.6% ( P 

<0.001) at 4, 10 and 18 weeks, respectively. The changes in SRS were -12.2% (P = 0.29), -12.2% ( P = 

0.080) and -16.8% ( P = 0.017). Panels C (ABC) and F (SRS) show the changes in total scores at all time 

points for placebo and Sulforaphane participants. The changes were calculated from the initial values 

individually at time 0 - the average of the two values obtained at screening and enrollment. 

Source: Singh K et al., 2014). 
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Figure 2 - Representation of the results of the changes in sub-scores of the ABC Test and SRS 

applied to both groups, Placebo (in red) and Sulforaphane (in blue): 

 

Legend: Changes in ABC sub-scores for irritability, lethargy, stereotypy and hyperactivity. After 4, 10 

and 18 weeks of treatment with Sulforaphane or placebo, and an untreated recovery period of 4 weeks (22 

weeks). Mean raw and unadjusted change values (± SEM) are shown for participants treated with 

Sulforaphane and placebo. Changes were significant at the 95% confidence level for irritability and 

lethargy at 10 and 18 weeks. 

Source: (Singh K et al., 2014). 

 

Sulforaphane receptors greatly attenuated the signs and symptoms of ASD. 13 participants 

who received Sulforaphane supplementation demonstrated visible improvements in social 

interaction, atypical behavior, and verbal communication. Family members and caregivers of the 

majority of participants who received Sulforaphane 17 compared with 9, out of 26, spontaneously 

reported the benefits, before they actually knew they were part of the Sulforaphane group, with only 

1 of the placebo group revealing that they thought they were receiving the supplementation. 

Sulforaphane treatment was safe and well tolerated, according to laboratory results. Some adverse 

effects did occur, but in the minority and in both groups, not directly correlated to the treatment 

(Singh et al., 2014). 

Sulforaphane's therapeutic antioxidant capacity defends cells against toxins, making this 

herbal medicine an efficient means of detoxification for the body (Egner et al., 2014), as it activates 

the Keap1-Nrf2 cytoprotective signaling pathway (Kensler et al., 2012). This neuroprotective 

capacity is highly relevant in cases of ASD (Lyall et al., 2014). According to the demonstrated 

safety and benefits of Sulforaphane, studies are suggested for the prevention of ASD in prenatal 

mothers, as well as in children from early childhood (Singh et al., 2014). 

Sulforaphane is a cell protector, anti-inflammatory, mitochondrial and synaptic modulator, 

with neuroprotective mechanisms (Masi et al., 2015; Klomparens; Ding, 2019), and numerous in 

vitro studies, animal models and clinical studies describe its benefits (Yang et al., 2020). 

Sulforaphane's ability to activate NRF2 signaling is remarkable, which can modulate the gene 
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expression of this pathway, with several positive results in humans, such as the reduction of allergic 

signs and detoxification, one of its most striking effects, as it is an inducer of glutathione and several 

cellular protective enzymes (Egner et al., 2014). 

 

FINAL CONSIDERATIONS 

We hope that further studies will be carried out on Sulforaphane, phytochemicals and 

strategies aimed at alleviating the signs and symptoms of ASD in this population. We hope that 

Sulforaphane supplementation will modulate the oral and intestinal microbiota, bringing about  

beneficial effects on the health of this population. This will be another opportunity to answer 

questions that have not yet been clarified about the interrelationship between these systems and 

their possible consequences for the complexity of the signs of this type of disorder. 

The scientific scope is broadened as this is a project that involves the correlation between 

the body's systems, such as the neurological and gastrointestinal, thinking about the needs of this 

population in ASD, health and well-being for them and their families. It is worth pointing out that 

the area proposed in the project, oral microbiota applied to human health, is extremely lacking in 

our country, and this is why this approach is so relevant. We hoped that the development of these 

strategies will be applied in Brazil, where ASD is a serious and growing issue. 

 

REFERENCES 

 

ABDULL, Razis A.F.; BAGATTA, M.; DE NICOLA, G.R.; IORI, R.; IOANNIDES, C. 

Intact glucosinolates modulate hepatic cytochrome P450 and phase II conjugation 

activities and may contribute directly to the chemopreventive activity of cruciferous 

vegetables. Toxicology. 2010 Nov 9;277(1-3):74-85. doi: 10.1016/j.tox.2010.08.080. 

Epub 2010 Sep 15. PMID: 20833222. Disponível em: 

https://www.sciencedirect.com/science/article/abs/pii/S0300483X10004130?via%3Dihu

b. Acesso em: 02 de março de 2023. 

 

AISHWORIYA, R.; VALICA, T.; HAGERMAN, R.; RESTREPO, B. An Update on 

Psychopharmacological Treatment of Autism Spectrum Disorder. 

Neurotherapeutics. 2022 Jan;19(1):248-262. doi: 10.1007/s13311-022-01183-1. Epub 

2022 Jan 14. PMID: 35029811; PMCID: PMC9130393. Disponível em: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9130393/. Acesso em: 08 de maio de 

2023. 

 

ARNOSO, BERNARNO; COSTA, GISELLE; SCHMIDT, BETINA. Biodisponibilidade 

e Classificação de Compostos Fenólicos. v. 18 n. 1 (2019): Nutrição Brasil Disponível 

em: 

https://convergenceseditorial.com.br/index.php/nutricaobrasil/article/view/1432/4971. 

Acesso em: 08 de maio de 2023. 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9130393/


CLIUM.ORG | 213 

 

Biblioteca Virtual em Saúde – Ministério da Saúde, 2009. (Fonte: Universidade Federal 

de Santa Catarina. Alimentos Funcionais. Jornal Eletrônico n° 5, jun. 2008). Disponível 

em: https://bvsms.saude.gov.br/alimento-funcionais/. Acesso em: 07 de maio de 2023. 

BERDASCO, M.; ESTELLER, M. Aberrant epigenetic landscape in cancer: how 

cellular identity goes awry. Dev Cell. 2010 Nov 16;19(5):698-711. doi: 

10.1016/j.devcel.2010.10.005. PMID: 21074720. Disponível em: 

https://www.cell.com/developmental-cell/fulltext/S1534-5807(10)00458-

2?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS15

34580710004582%3Fshowall%3Dtrue. Acesso em:  09 de setembro de 2023. 

 

BROSE, R.D.; SHIN, G.; MCGUINNESS, M.C.; SCHNEIDEREITH, T.; PURVIS, S.; 

DONG, G.X.; KEEFER, J.; SPENCER, F.; SMITH, K.D. Activation of the stress 

proteome as a mechanism for small molecule therapeutics. Hum Mol Genet. 2012 Oct 

1;21(19):4237-52. doi: 10.1093/hmg/dds247. Epub 2012 Jul 2. PMID: 22752410; 

PMCID: PMC3441123. Disponível em: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3441123/. Acesso em: 08 de maio de 

2023. 

 

BRUNO, Luciano; CASTRO, Rita – Chás & Shots. Nutrição, Saúde e Alimentação 

Saudável. Pages 64 – 78, Ed. Arte Ensaio, 2021. ISBN 978-65-87141-10-7, Rio de 

Janeiro – RJ. 

 

CHARTOUMPEKIS, D.V.; ZIROS, P.G.; CHEN, J.G.; GROOPMAN, J.D.; KENSLER, 

T.W.; SYKIOTIS, G.P. Broccoli sprout beverage is safe for thyroid hormonal and 

autoimmune status: Results of a 12-week randomized trial. Food Chem Toxicol. 2019 

Apr;126:1-6. doi: 10.1016/j.fct.2019.02.004. Epub 2019 Feb 5. PMID: 30735751; 

PMCID: PMC6422739. Disponível em: 

https://www.sciencedirect.com/science/article/abs/pii/S0278691519300547?via%3Dihu

b. Acesso em: 11 de setembro de 2023. 

 

CHAUHAN, A.; CHAUHAN, V. Oxidative stress in autism. Pathophysiology. 2006 

Aug;13(3):171-81. doi: 10.1016/j.pathophys.2006.05.007. Epub 2006 Jun 12. PMID: 

16766163. Disponível em: 

https://www.sciencedirect.com/science/article/abs/pii/S0928468006000538?via%3Dihu

b. Acesso em: 11 de setembro de 2023. 

 

CHU, M.; SELTZER, T.F. Myxedema coma induced by ingestion of raw bok choy. N 

Engl J Med. 2010 May 20;362(20):1945-6. doi: 10.1056/NEJMc0911005. PMID: 

20484407. 

Disponível em: https://www.nejm.org/doi/10.1056/NEJMc0911005?url_ver=Z39.88-

2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200www.ncbi.nlm.nih.gov. 

Acesso em: 12 de setembro de 2023. 

 

DIETERT, R.R.; DIETERT, J.M.; DEWITT, J.C. Environmental risk factors for 

autism. Emerg Health Threats J. 2011 Apr 20;4:7111. doi: 10.3402/ehtj.v4i0.7111. 

PMID: 24149029; PMCID: PMC3168222. Disponível em: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3168222/. Acesso em: 09 de maio de 

2023. 

 

https://bvsms.saude.gov.br/alimento-funcionais/


CLIUM.ORG | 214 

 

EGNER, P.A.; CHEN, J.G.; ZARTH, A.T.; NG, D.K.; WANG, J.B.; KENSLER, K.H.; 

JACOBSON, L.P.; MUÑOZ, A.; JOHNSON, J.L.; GROOPMAN, J.D.; FAHEY, J.W.; 

TALALAY, P.; ZHU, J.; CHEN, T.Y.; QIAN, G.S.; CARMELLA, S.G.; HECHT, S.S.; 

KENSLER, T.W. Rapid and sustainable detoxication of airborne pollutants by 

broccoli sprout beverage: results of a randomized clinical trial in China. Cancer Prev 

Res (Phila). 2014 Aug;7(8):813-823. doi: 10.1158/1940-6207.CAPR-14-0103. Epub 

2014 Jun 9. PMID: 24913818; PMCID: PMC4125483. Disponível em: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4125483/. Acesso em: 10 de setembro 

de 2023. 

 

FRYE, R.E.; ROSSIGNOL, D.A. Treatments for biomedical abnormalities associated 

with autism spectrum disorder. Front Pediatr. 2014 Jun 27;2:66. doi: 

10.3389/fped.2014.00066. PMID: 25019065; PMCID: PMC4073259. Disponível em: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4073259/. Acesso em: 10 de setembro de 

2023. 

 

HALKIER, B.A.; GERSHENZON, J. Biology and biochemistry of glucosinolates. 

Annu Rev Plant Biol. 2006;57:303-33. doi: 10.1146/annurev.arplant.57.032905.105228. 

PMID: 16669764. Disponível em: https://pubmed.ncbi.nlm.nih.gov/16669764/. Acesso 

em: 10 de setembro de 2023. 

 

HOLST, B.; WILLIAMSON, G. A critical review of the bioavailability of 

glucosinolates and related compounds. Nat Prod Rep. 2004 Jun;21(3):425-47. doi: 

10.1039/b204039p. Epub 2004 May 12. PMID: 15162227. Disponível em: 

https://pubmed.ncbi.nlm.nih.gov/15162227/. Acesso em: 10 de setembro de 2023. 

 

JAMES, S.J.; CUTLER, P.; MELNYK, S.; JERNIGAN, S.; JANAK, L.; GAYLOR, 

D.W.; NEUBRANDER, J.A. Metabolic biomarkers of increased oxidative stress and 

impaired methylation capacity in children with autism. Am J Clin Nutr. 2004 

Dec;80(6):1611-7. doi: 10.1093/ajcn/80.6.1611. PMID: 15585776. Disponível em: 

https://www.sciencedirect.com/science/article/pii/S0002916522037480?via%3Dihub. 

Acesso em: 10 de setembro de 2023. 

 

KANG, D.W.; ADAMS, J.B.; GREGORY, A.C.; BORODY, T.; CHITTICK, L.; 

FASANO, A.; KHORUTS, A.; GEIS, E.; MALDONADO, J.; MCDONOUGH-MEANS, 

S.; POLLARD, E.L.; ROUX, S.; SADOWSKY, M.J.; LIPSON, K.S.; SULLIVAN, M.B.; 

CAPORASO, J.G.; KRAJMALNIK-BROWN, R. Microbiota Transfer Therapy alters 

gut ecosystem and improves gastrointestinal and autism symptoms: an open-label 

study. Microbiome. 2017 Jan 23;5(1):10. doi: 10.1186/s40168-016-0225-7. PMID: 

28122648; PMCID: PMC5264285. Disponível em: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5264285/.  Acesso em: 10 de setembro 

de 2023. 

 

KELLY, R.S.; BOULIN, A.; LARANJO, N.; LEE-SARWAR, K.; CHU, S.H.; 

YADAMA, A.P.; CAREY, V.; LITONJUA, A.A.; LASKY-SU, J.; WEISS, S.T. 

Metabolomics and Communication Skills Development in Children; Evidence from 

the Ages and Stages Questionnaire. Metabolites. 2019 Mar 5;9(3):42. doi: 

10.3390/metabo9030042. PMID: 30841573; PMCID: PMC6468693. Disponível em: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6468693/ Acesso em: 10 de setembro de 

2023. 



CLIUM.ORG | 215 

 

 

KENSLER, T.W.; EGNER, P.A.; AGYEMAN, A.S.; VISVANATHAN, K.; 

GROOPMAN, J.D.; CHEN, J.G.; CHEN, T.Y.; FAHEY, J.W.; TALALAY, P. Keap1-

nrf2 signaling: a target for cancer prevention by sulforaphane. Top Curr Chem. 

2013;329:163-77. doi: 10.1007/128_2012_339. PMID: 22752583; PMCID: 

PMC3553557. Disponível em: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3553557/. Acesso em: 10 de setembro de 

2023. 

 

KLOMPARENS, E.A.; DING, Y. The neuroprotective mechanisms and effects of 

sulforaphane. Brain Circ. 2019 Apr-Jun;5(2):74-83. doi: 10.4103/bc.bc_7_19. Epub 

2019 Jun 27. PMID: 31334360; PMCID: PMC6611193. Disponível em: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6611193/. Acesso em: 10 de setembro de 

2023. 

 

LI, N.; YANG, J.; ZHANG, J.; LIANG, C.; WANG, Y.; CHEN, B.; ZHAO, C.; WANG, 

J.; ZHANG, G.; ZHAO, D.; LIU, Y.; ZHANG, L.; YANG, J.; LI, G.; GAI, Z.; ZHANG, 

L.; ZHAO, G. Correlation of Gut Microbiome Between ASD Children and Mothers and 

Potential Biomarkers for Risk Assessment. Genomics Proteomics Bioinformatics. 

2019 Feb;17(1):26-38. doi: 10.1016/j.gpb.2019.01.002. Epub 2019 Apr 23. PMID: 

31026579; PMCID: PMC6520911. Disponível em: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6520911/#b0100 Acesso em: 26 de 

fevereiro de 2023. 

 

LIKHITWEERAWONG, N.; THONUSIN, C.; BOONCHOODUANG, N.; 

LOUTHRENOO, O.; NOOKAEW, I.; CHATTIPAKORN, N.; CHATTIPAKORN, S.C. 

Profiles of urine and blood metabolomics in autism spectrum disorders. Metab 

Brain Dis. 2021 Oct;36(7):1641-1671. doi: 10.1007/s11011-021-00788-3. Epub 2021 

Aug 2. PMID: 34338974; PMCID: PMC8502415. Disponível em: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8502415/ Acesso em: 27 de fevereiro de 

2023. 

 

LYALL, K.; SCHMIDT, R.J.; HERTZ-PICCIOTTO, I. Maternal lifestyle and 

environmental risk factors for autism spectrum disorders. Int J Epidemiol. 2014 

Apr;43(2):443-64. doi: 10.1093/ije/dyt282. Epub 2014 Feb 11. PMID: 24518932; 

PMCID: PMC3997376. Disponível em: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3997376/. Acesso em: 10 de setembro de 

2023. 

 

MAGNER, M.; THOROVÁ, K.; ŽUPOVÁ, V.; HOUŠKA, M.; ŠVANDOVÁ, I.; 

NOVOTNÁ, P.; TŘÍSKA, J.; VRCHOTOVÁ, N.; SOURAL, I.; JÍLEK, L. Sulforaphane 

Treatment in Children with Autism: A Prospective Randomized Double-Blind 

Study. Nutrients. 2023 Jan 31;15(3):718. doi: 10.3390/nu15030718. PMID: 36771424; 

PMCID: PMC9920098. Disponível em: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9920098/ Acesso em: 02 de março de 

2023. 

 

MASI, A.; QUINTANA, D.S.; GLOZIER, N.; LLOYD, A.R.; HICKIE, I.B.; 

GUASTELLA, A.J. Cytokine aberrations in autism spectrum disorder: a systematic 

review and meta-analysis. Mol Psychiatry. 2015 Apr;20(4):440-6. doi: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6520911/#b0100
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8502415/


CLIUM.ORG | 216 

 

10.1038/mp.2014.59. Epub 2014 Jun 17. PMID: 24934179. Disponível em: 

https://pubmed.ncbi.nlm.nih.gov/24934179/. Acesso em: 10 de setembro de 2023. 

 

MOON, J.H.; LEE, J.H. Probing the diversity of healthy oral microbiome with 

bioinformatics approaches. BMB Rep. 2016 Dec;49(12):662-670. doi: 

10.5483/bmbrep.2016.49.12.164. PMID: 27697111; PMCID: PMC5346311. Disponível 

em: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5346311/. Acesso em: 10 de 

setembro de 2023. 

 

MOONEY, E.C.; HOLDEN, S.E.; XIA, X.J.; LI, Y.; JIANG, M.; BANSON, C.N.; ZHU, 

B.; SAHINGUR, S.E. Quercetin Preserves Oral Cavity Health by Mitigating 

Inflammation and Microbial Dysbiosis. Front Immunol. 2021 Nov 26;12:774273. doi: 

10.3389/fimmu.2021.774273. PMID: 34899728; PMCID: PMC8663773. Disponível em: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8663773/. Acesso em: 10 de setembro de 

2023. 

 

PATTERSON, P.H. Maternal infection and immune involvement in autism. Trends 

Mol Med. 2011 Jul;17(7):389-94. doi: 10.1016/j.molmed.2011.03.001. Epub 2011 Apr 7. 

PMID: 21482187; PMCID: PMC3135697. Disponível em: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3135697/. Acesso em: 10 de setembro 

de 2023. 

 

SANTOS, P.W.S.; Influência do Sulforafano, um inibidor de histonas desacetilases, 

sobre a instabilidade genômica e mecanismos epigenéticos em linhagens celulares 

humanas. Mestrado em Toxicologia – Ribeirão Preto: Universidade de São Paulo, 21 de 

nov. 2019. Disponível em: https://www.teses.usp.br/teses/disponiveis/60/60134/tde-

24052019-145414/publico/Dissertacao_corrigida_completa.pdf. Acesso em: 18 de 

setembro de 2023.  

 

SIAFIS, S.; ÇIRAY, O.; WU, H.; SCHNEIDER-THOMA, J.; BIGHELLI, I.; KRAUSE, 

M.; RODOLICO, A.; CERASO, A.; DESTE, G.; HUHN, M.; FRAGUAS, D.; SAN JOSÉ 

CÁCERES, A.; MAVRIDIS, D.; CHARMAN, T.; MURPHY, D.G.; PARELLADA, M.; 

ARANGO, C.; LEUCHT, S. Pharmacological and dietary-supplement treatments for 

autism spectrum disorder: a systematic review and network meta-analysis. Mol 

Autism. 2022 Mar 4;13(1):10. doi: 10.1186/s13229-022-00488-4. PMID: 35246237; 

PMCID: PMC8896153. Disponível em: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8896153/. Acesso em: 10 de setembro 

de 2023. 

 

SINGH, K.; CONNORS, S.L.; MACKLIN, E.A.; SMITH, K.D.; FAHEY, J.W.; 

TALALAY, P.; ZIMMERMAN, A.W. Sulforaphane treatment of autism spectrum 

disorder (ASD). Proc Natl Acad Sci U S A. 2014 Oct 28;111(43):15550-5. doi: 

10.1073/pnas.1416940111. Epub 2014 Oct 13. PMID: 25313065; PMCID: 

PMC4217462. Disponível em: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4217462/ Acesso em: 26 de fevereiro de 

2023. 

 

THORNALLEY, P.J. Isothiocyanates: mechanism of cancer chemopreventive action. 

Anticancer Drugs. 2002 Apr;13(4):331-8. doi: 10.1097/00001813-200204000-00001. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8663773/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4217462/


CLIUM.ORG | 217 

 

PMID: 11984078. Disponível em: https://pubmed.ncbi.nlm.nih.gov/11984078/. Acesso 

em: 10 de setembro de 2023. 

 

VARGAS, D.L.; NASCIMBENE, C.; KRISHNAN, C.; ZIMMERMAN, A.W.; PARDO, 

C.A. Neuroglial activation and neuroinflammation in the brain of patients with 

autism. Ann Neurol. 2005 Jan;57(1):67-81. doi: 10.1002/ana.20315. Erratum in: Ann 

Neurol. 2005 Feb;57(2):304. PMID: 15546155. Disponível em: 

https://onlinelibrary.wiley.com/doi/10.1002/ana.20315. Acesso em: 10 de setembro de 

2023. 

 

WANG, R.; HALIMULATI, M.; HUANG, X.; MA, Y.; LI, L.; ZHANG, Z. 

Sulforaphane-driven reprogramming of gut microbiome and metabolome 

ameliorates the progression of hyperuricemia. J Adv Res. 2022 Nov 10:S2090-

1232(22)00251-X. doi: 10.1016/j.jare.2022.11.003. Epub ahead of print. PMID: 

36371056. Disponível em: 

https://www.sciencedirect.com/science/article/pii/S209012322200251X?via%3Dihub. 

Acesso em: 07 de maio de 2023. 

 

YANG, J.; FU, X.; LIAO, X.; LI, Y. Nrf2 Activators as Dietary Phytochemicals 

Against Oxidative Stress, Inflammation, and Mitochondrial Dysfunction in Autism 

Spectrum Disorders: A Systematic Review. Front Psychiatry. 2020 Nov 20;11:561998. 

doi: 10.3389/fpsyt.2020.561998. PMID: 33329102; PMCID: PMC7714765. Disponível 

em: https://www.frontiersin.org/articles/10.3389/fpsyt.2020.561998/full. Acesso em: 07 

de maio de 2023. 

 

ZHANG, Q.; LIU, J.; DUAN, H.; LI, R.; PENG, W.; WU, C. Activation of Nrf2/HO-1 

signaling: An important molecular mechanism of herbal medicine in the treatment 

of atherosclerosis via the protection of vascular endothelial cells from oxidative 

stress. J Adv Res. 2021 Jul 6;34:43-63. doi: 10.1016/j.jare.2021.06.023. PMID: 

35024180; PMCID: PMC8655139. Disponível em: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8655139/ Acesso em: 27 de fevereiro de 

2023. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8655139/

