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RESUMO

O Transtorno do Espectro Autista (TEA) tornou-se um dos transtornos do neurodesenvolvimento
mais estudados na ultima década, pela sua gravidade, aumento do nimero de casos e diagnostico,
além da repercussdo e impacto social que provoca. Até o momento, ndo ha terapia medicamentosa
para o seu tratamento, sendo recomendado uma equipe multiprofissional, que tem como objetivo
melhorar habilidades do paciente, como comunicagdo e comportamento social, e reduzir
estereotipias. Antioxidantes foram avaliados no tratamento de pacientes com TEA e alguns tém
evidenciado resultados promissores na melhora do comportamento, ja que o estresse oxidativo tem
demonstrado estar relacionado a doenca. Assim, este trabalho teve como objetivo administrar em
criancas com TEA um complexo multivitaminico/mineral e 6leo de microalga marinha
Schizochytrium sp. rico em DHA, avaliéd-los clinica e bioquimicamente. Quinze individuos (2 a 12
anos) com diagnostico de TEA comprovado pela escala CARS (Child Autism Rating Scale) foram
incluidos, de acordo com os critérios de inclusdo e exclusdo. Sendo posteriormente classificados
por uma nova escala, a ABAS-3 (Adaptative Behaviour Assessment System - Third Edition) para
acompanhamento do quadro da doenga. Apos isso, usaram o 6leo de microalga contendo 200 mg
de DHA e 2 mg EPA e do complexo vitaminico/mineral diariamente por 12 semanas, momento em
que foram novamente avaliados pelas duas escalas. Antes e ap6s o tratamento, a urina dos pacientes
foi coletada para a avalia¢ao bioquimica e de poder antioxidante. Os dados clinicos foram avaliados
estatisticamente pelo teste por postos sinalizados de Wilcoxon, de amostras relacionadas
(comparando o mesmo individuo antes e apds o tratamento), com erro alpha de 0,05. De 15
pacientes recrutados, 12 prosseguiram no estudo. Observado qualitativamente que muitos
parametros comportamentais melhoraram com o uso dos produtos, como a comunicag¢ao, interagao
e seletividade alimentar. CARS, dominio social e GAC (Composto Adaptativo Geral), da escala
ABAS-3, foram estatisticamente significantes quando comparados nos dois momentos. O dominio
social esta relacionado a percep¢do de pensamentos, sentimentos e experiéncias dos outros,
empatia, habilidades de comunicagdo interpessoal, amizade e julgamento social, que corrobora com
a evolugdo percebida pelos pais das criancas. Ademais, a significincia do GAC mostra uma
melhora no aspecto global dos pacientes, o que refor¢a novamente a percepcao da mudancga de
comportamento dos individuos. Outros parametros ndo foram estatisticamente diferentes, porém
quando analisados por individuo, muitos apresentaram relevancia, o que pode ser um indicio de
um resultado ainda melhor. Dados bioquimicos mostraram a presenca de compostos
estatisticamente diferentes da condi¢do antes e ap0s o tratamento, com énfase no aumento de alguns
aminodcidos. Além disso, o poder antioxidante da urina foi estatisticamente aumentado em relagdo
a antes do tratamento, confirmando a correlagdo entre diminui¢ao do estresse oxidativo com o uso
do produto e a melhora clinica dos participantes. Desta forma, ¢ possivel concluir que o uso diario
por 12 semanas de 6leo rico em DHA e complexo multivitaminico/mineral causaram melhora
significativa no comportamento e escala da doenga de criangas com TEA, com a diminui¢ao do
estresse oxidativo como um dos mecanismos de agao.

Palavras-chave: Transtorno do Espectro Autista. Antioxidantes. DHA. Estudo clinico.
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ABSTRACT

Autistic Spectrum Disorder (ASD) has become one of the most observed neurodevelopmental
disorders in the last decade, due to its severity, increased number of cases and diagnosis, in addition
to the repercussions and social impact it causes. So far, there is no drug therapy for its treatment,
and a multidisciplinary team is recommended, which aims to improve the patient's skills, such as
communication and social behavior, and reduce stereotypes. Antioxidants have been evaluated in
the treatment of patients with ASD and some have proven promising results in improving behavior,
as oxidative stress has been shown to be related to the disease. Thus, this work aimed to administer
to children with ASD a multivitamin/mineral complex and marine microalgae oil Schizochytrium
sp. rich in DHA, evaluate them clinically and biochemically. Fifteen individuals (2 to 12 years old)
with a diagnosis of ASD confirmed by the CARS scale (Child Autism Rating Scale) were included,
according to the inclusion and exclusion criteria. It is later classified by a new scale, the ABAS-3
(Adaptive Behavior Assessment System - Third Edition) for monitoring the disease. After that,
they used microalgae oil containing 200 mg of DHA and 2 mg of EPA and the vitamin/mineral
complex daily for 12 weeks, at which time they were evaluated in depth using two scales. Before
and after treatment, patients' urine was collected for biochemical and antioxidant evaluation.
Clinical data were statistically evaluated by Wilcoxon's signed-rank test, from Related Reflection
(comparing the same individual before and after treatment), with an alpha error of 0.05. Of 15
patients recruited, 12 received the study. Qualitatively observed that many behavioral parameters
improved with the use of products, such as communication, interaction and food selectivity. CARS,
social domain and GAC (General Adaptive Composite), from the ABAS-3 scale, were statistically
significant when compared in the two moments. The social domain is related to the perception of
thoughts, feelings and experiences of others, empathy, interpersonal communication skills,
friendship and social judgment, which corroborates the evolution perceived by the children's
parents. Furthermore, the significance of the GAC shows an improvement in the patients' global
appearance, which again reinforces the perception of change in the individuals' behavior. Other
parameters were not statistically different, but when analyzed by individual, many were relevant,
which may be an indication of an even better result. Biochemical data showed the presence of
statistically different compounds of the condition before and after treatment, with emphasis on the
increase of some amino acids. In addition, the antioxidant power of the urine was statistically
increased compared to before treatment, confirming the correlation between the decrease in
oxidative stress with the use of the product and the clinical improvement of the participants. Thus,
it is possible to conclude that the daily use of oil rich in DHA and multivitamin/mineral complex
for 12 weeks caused a significant improvement in the behavior and scale of the disease in children
with ASD, with a decrease in oxidative stress as one of the mechanisms of action.

Keywords: Autism Spectrum Disorder. Antioxidants. DHA. Clinical Trial.
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1. Introducio

1.1. Historico e Epidemiologia

O Transtorno do Espectro Autista (TEA) ¢ um transtorno do neurodesenvolvimento, descrito
pela primeira vez pelo austriaco Leo Kanner, em 1943, ao publicar Os disturbios autisticos de
contato afetivo, onde identificou um grupo de 11 criangas, as quais acreditava que tinham "uma
incapacidade inata de estabelecer o contato afetivo habitual". Em seu trabalho, o autor enfatizava
a retracdo social, a obsessdo por comportamentos repetitivos e a incapacidade de uso da linguagem

para comunicagdo (ZIATS; PATTERSON; FRIEZ, 2021).

No ano seguinte, Hans Asperger realizou a defesa de sua tese de livre docéncia, quando
nomeou uma sindrome como Psicopatia autistica infantil. Na sindrome, foi descrita as dificuldades
de integracdo social das criangas, mas que, a diferenca das descritas por Kanner, possuiam um bom
nivel de inteligéncia e linguagem, e os sintomas apareciam ap0s o terceiro ano de vida (WING,

2005).

Apenas em 1981, Lorna Wing passou a associar a tese de Asperger com o autismo de Kanner,
considerando as alteragcdes como parte da mesma entidade, sendo uma o ponto mais leve e a outra
o mais grave da doenca, divulgando o autismo e a nog¢do de espectro. No estudo, sdo descritos
elementos deficitarios que toda pessoa com autismo apresenta: comunicagdo ou linguagem,

interagdo social, pensamento e imaginagdo (DIAS, 2015; VERHOEFF, 2013).

A prevaléncia do TEA, de acordo com o CDC (Centro de Controle e Prevencao de Doengas
Norte-Americano), ¢ de 1 caso para cada 54 criangas, ocorrendo em todas as etnias, ragas e grupos
socioecondmicos, sendo 4 vezes mais comum no sexo masculino do que no feminino (CDC, 2020).
Deve-se levar em considera¢do que ¢ descrito em meta-analise uma diferenga em relacdo a essa
proporcao, onde foi observado que pode estar mais proximo de 3:1. Devido a um preconceito de
género no diagndstico, meninas que atendem aos critérios do TEA correm um risco
desproporcional de ndo receber um diagnostico clinico (LOOMES; HULL; MANDY, 2017). No
Brasil, estima-se que na faixa etaria de criangas pré-escolares de zero a quatro anos, de um total de
16.386.239 criancas, 114.704 poderiam ser diagnosticadas com TEA (BOSA; TEIXEIRA, 2017
apud ROCHA et al., 2019).
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1.2. Fisiopatologia

Os individuos com TEA sdo classificados em sindromicos e ndo sindromicos, baseado
exclusivamente em critérios clinicos. O termo “sindrome” refere-se a condigdes nas quais ocorre
conjunto de um fendtipo especifico e/ou caracteristicas dismorficas. Para essas condigdes, a
etiologia na maioria dos casos ¢ conhecida e pode envolver anormalidades cromossdmicas,
variagdes no nimero de copias submicroscopicas e variantes patogénicas em um unico gene, como
na sindrome do X fragil (FXS), sindrome de Rett (RTT), Sindrome de duplicagio de MECP2
(Methyl-CpG-binding Protein 2) (SMD), complexo de esclerose tuberosa (TSC) e sindrome da
macrocefalia PTEN (Phosphatase and Tensin Homologue). O termo "ndo-sindromico"
normalmente se refere ao "autismo cléssico", como foi descrito por Kanner, sendo que na sua

maioria a etiologia ¢ desconhecida (SZTAINBERG; ZOGHBI, 2016).

No Manual de Diagnéstico e Estatistico de Transtornos Mentais, a orienta¢ao para individuos
com alteracdes genéticas conhecidas, como as citadas anteriormente, deve receber como
especificador no seu diagnostico "associado a condicdo médica ou genética conhecida ou a fator

ambiental" (APA - Associagdo Americana de Psiquiatria, 2014).

Na andlise do TEA em familias e/ou avaliacdo de gemelares ¢ estimada a propor¢do da
variancia fenotipica devido a fatores genéticos (a herdabilidade) em cerca de 90%, tornando o TEA
o transtorno mais hereditdrio dentre os transtornos do desenvolvimento. Como consequéncia, a
pesquisa etiologica tem se concentrado predominantemente em fatores genéticos. Embora estudos
recentes com gémeos seja indicada a alta herdabilidade, um grande estudo de gémeos realizado
recentemente também indicou um papel substancial para influéncias ambientais compartilhadas.
Na literatura, os resultados de estudos familiares também levantam questdes sobre a influéncia
relativa de fatores genéticos e contribuem para a incerteza quanto a etiologia do TEA (SANDIN et

al., 2014).

Sendo assim, a etiologia da doenga é pouco compreendida (GVOZDJAKOVA et al., 2014),
mas pode envolver interacdes complexas entre os genes e os fatores ambientais. (GESCHWIND;

STATE, 2015; MODABBERNIA; VELTHORST; REICHENBERG, 2017; LIU et al., 2022).
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O tratamento principal do TEA consiste no acompanhamento dos pacientes com profissionais
das areas de psicoterapia, fonoaudiologia, fisioterapia, terapia ocupacional, psicopedagogia e
neurologia, no sentido de melhorar as habilidades do paciente, como comunicagdo e

comportamento social, e reduzir estereotipias (GADIA et al., 2004).

1.3. Diagnostico e avaliaciao laboratorial

O diagnostico do TEA ¢ realizado pela histéria (anamnese) e exames clinicos identificando
os principais sintomas que caracterizam a doenca. Em 2013, foi publicado o Manual Diagndstico
e Estatistico de Transtornos Mentais - 5* Edi¢do (DSM-5), atualizando os critérios diagnoésticos,
considerando que para realiza-lo o paciente deve apresentar déficits persistentes na comunicacao
social e na interacdo social em multiplos contextos (Critério A) e padrdes restritos e repetitivos de
comportamento, interesses ou atividades (Critério B), estando presentes desde o inicio da infancia
e limitando ou prejudicando o funcionamento diério (Critérios C e D). O estagio em que o prejuizo
funcional fica evidente ira variar de acordo com caracteristicas do individuo e seu ambiente (APA,

2014, HODGES; FEALKO; SOARES, 2020).

Testes genéticos sdo atualmente empregados para auxiliar no diagndstico, porém,
considerando a caracteristica de polimorfismo genético, o teste se torna muito impreciso. Nesse
sentido, o perfil de expressao de miRNA foi elucidado para o TEA, e foram descobertos 14 miRNA
diferencialmente expressos na saliva dos pacientes, comparado com individuos saudaveis. Desses
14 genes, 4 estavam pouco expressos (downregulated) e 10 super expressos (upregulated) nos

pacientes com TEA (HICKS et al. 2016).

Biomarcadores imunologicos, bioquimicos e hormonais para avaliar o sistema nervoso
central tém sido exaustivamente estudados, a fim de se encontrar moléculas que possam
caracterizar o TEA. No entanto, ainda ndo existe um consenso sobre esses marcadores, uma vez
que a doenga ¢ de alta complexidade e os sintomas variados, e a etiologia da doenga ainda ndo esta

bem estabelecida.
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A determinagdo dos niveis de serotonina no sangue tem sido o mais aceito. A serotonina foi
20% menor em pacientes sem a doenca, quando comparado com TEA. Concomitantemente, o

acido gama-aminobutirico (GABA) aumentou nos pacientes com a doenga (FARAH et al., 2018).

Na analise de fluidos bioldgicos, como urina, foi observada uma elevada concentragio de
peptideos e proteinas, provenientes do catabolismo de proteinas da dieta. Assim, estabeleceu-se
uma possivel correlagdo entre consumo de proteinas e autismo. Nesse sentido, peptideos opidides
foram encontrados em abundancia nos pacientes autistas, o que explica as alteracdes no
comportamento dos pacientes (REICHELT; KNIVSBERG, 2009). O mais estudado, a ocitocina,
foi encontrado em niveis diminuidos na saliva de pacientes com TEA, no inicio do
desenvolvimento dos sintomas, em compara¢do com individuos saudaveis. No entanto, os dados
ndo foram suficientes para a obteng¢do de um resultado significativo e a obtengdo de um marcador

para a doenga (RUTIGLIANO et al., 2016).

Na anélise de protedmica ¢ denotada a expressdo diferencial de algumas proteinas envolvidas
na sinalizacdo de célcio, neurotransmissao dopaminérgica, glutamatérgica, trafico de vesiculas pré-
sinapticas e citocinas pro-inflamatorias. Apesar disso, ndo foi estabelecida uma associagdo com o
quadro clinico dos pacientes (PARK, 2020). Curiosamente, os estudos peptidomicos ndo foram
realizados para avaliar o perfil geral de peptideos secretados em amostras biologicas, até o

momento da revisdo de trabalhos da literatura.

De qualquer forma, pesquisadores ainda estudam biomarcadores, uma vez que o diagndstico
precoce e a interven¢do melhoram os sintomas de criangas com TEA, mas faltam métodos

diagndsticos laboratoriais que confirmem a doenga a tempo suficiente para um bom tratamento.

1.4. Estresse oxidativo no TEA

Antioxidantes sdo moléculas capazes de reduzir os efeitos causados pelos radicais livres ou
espécies reativas de oxigénio (ERO), que sdo compostos que possuem um ou mais elétrons
desemparelhados em sua oOrbita externa, e com isso se tornam altamente instaveis, com pequena
meia-vida e quimicamente reativas (FERREIRA, MATSUBARA, 1997). Em situacdes

fisiologicas, o organismo libera moléculas antioxidantes que atuam na neutralizagdo das EROs,
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visando diminuir a lesdo tecidual e celular. O desequilibrio entre a produ¢do de radicais livres e

antioxidantes, em uma situa¢ado fisiologica, ¢ conhecido como estresse oxidativo (RAHAL et al.,
2014).

Quando o antioxidante ndo consegue eliminar adequadamente os radicais de oxigénio
reativos, o sistema bioldgico sofre um estresse, resultando em danos as biomoléculas e as fungdes
cerebrais, incluindo interrup¢do da metilacdo, diminui¢do da glutationa, aumento da oxidacdo e

outras fungdes (BJORKLUND et al., 2016; LIU et al., 2022).

Os radicais livres tém sido relacionados ao desenvolvimento de varias doencas, como
doengas cardiacas (cardiopatias, aterosclerose), doengas pulmonares, doengas neurodegenerativas

e cancer (LIU et al., 2017).

O estresse oxidativo pode desempenhar um papel central na patogénese do TEA, que se deve
ao efeito cumulativo de danos ambientais téxicos, que podem levar a danos neuronais em

individuos geneticamente suscetiveis (BJORKLUND et al., 2020; LIU et al., 2022).

A descricdo do aumento do estresse oxidativo em pacientes com TEA ¢ mostrada
principalmente pela abundancia de moléculas oxidantes, como peroxidos lipidicos e &cido
tiobarbitirico, associado a atividade de enzimas antioxidantes reduzida, principalmente a
glutationa peroxidase, superoxido dismutase e catalase, além de niveis reduzidos de glutationa e

cisteina (BJORKLUND et al., 2020). Outros mecanismos geradores de radicais livres, tais como

os niveis aumentados de citocinas e 6xido nitrico (ROSE et al., 2012a), assim como biomarcadores
de peroxidacao lipidica, oxidacdo de proteinas e DNA podem ser encontrados no sangue, na urina

e no cérebro (BJORKLUND et al., 2020).

Estudos mais recentes tém corroborado com esses resultados acima mencionados, ¢ foram
descobertas novas substancias que interferem nessa desregulacdo entre oxidantes e antioxidantes.
Em uma meta-analise foi observado que a glutationa oxidativa no sangue (GSSG), homocisteina,
S-adenosilhomocisteina (SAH), cobre, oOxido nitrico e malondialdeido (MDA) foram
significativamente maiores nas criangas com TEA do que nas criangas do grupo controle. Em
contraste, houve reducdo de glutationa total no sangue (tGSH), glutationa (GSH), GSH/GSSG,
tGSH/GSSG, metionina, cisteina, S-adenosilmetionina (SAM)/SAH, vitaminas (B9, B12,De E)e

calcio em criangas com TEA em relacdo aos controles (CHEN et al., 2021).
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Foi ainda observado que a neuroinflamacao esta relacionada a liberagdo de peroxirredoxina
2 (PRDX2) apos a oxidagdo de proteinas nos individuos com TEA, e a acdo dos EROs causam
peroxidagdo lipidica e de proteinas/DNA, que por sua vez induzem a neuroinflamagao, podendo
provocar a morte do neuroénio (SALZANO et al., 2014). Além disso, a glutationa (GSH), quando
reduzida, induz a liberagdo de EROs, o que contribui ainda mais para a inflamacdao (GHEZZI,

2011).

Ha evidéncias de neurodegeneracdo e neuroinflamagdo nesses pacientes, fendomenos que
estao intimamente relacionados ao estresse oxidativo (KERN et al., 2013; PARDO et al., 2005). O
status materno de acidos graxos poli-insaturados (PUFA) regula a atividade microglial e as vias
neuroinflamatodrias durante o desenvolvimento do cérebro de uma crianga. Em criangas com TEA,
acredita-se que o metabolismo de PUFA seja deficiente ou anormal, levando ao aumento da
producdo de citocinas pro-inflamatérias, aumento do estresse oxidativo e desequilibrio na

formagao e a¢io dos neurotransmissores. (VESELINOVIC et al., 2021)

Os acidos graxos poliinsaturados podem regular a via de sinalizagdo antioxidante e modular
processos inflamatérios. Muitos estudos mostram que a maior ingestdo de PUFAs Oomega-3,
especialmente o 4cido eicosapentaendico (EPA) e o acido docosahexaendico (DHA), estdo
associadas a uma menor incidéncia de doengas cronicas caracterizadas por inflamacao elevada
(DJURICIC; CALDER, 2021). Tendo em vista o aumento alarmante na incidéncia de doencas

cronicas, o interesse e a demanda do consumidor estdo aumentando rapidamente por fontes

dietéticas naturais de PUFAs Omega-3. Entre as fontes vegetais, o 6leo de microalgas e
Thraustochytrids pode fornecer diretamente EPA e DHA, sendo usadas para a produgdo comercial
de EPA e DHA veganos. Thraustochytrids ¢ um clado heterotréfico semelhante a um fungo de
Stramenopiles, sendo referidos como algas na literatura. Sao uma fonte comercialmente importante
de EPA e DHA na dieta e especialmente espécies do género Schizochytriumm, Aurantiochytrium,
Crypthecodinium e Ulkenia, sio amplamente utilizados para a produ¢do comercial de EPA e DHA
veganos. Alguns Schizochytriumm sp. pode acumular uma quantidade significativa de EPA e DHA
(16,18 e 33,72%, respectivamente). (PATEL et al., 2021; RUSSO et al., 2021; SAINI et al., 2021;
SILVA etal., 2019)

Embora historicamente tenha havido muito foco no papel do DHA no desenvolvimento

cognitivo e visual inicial, devido ao seu alto contetido no cérebro e no sistema visual, os PUFAs
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omega-3 provavelmente tém papéis importantes no cérebro além da infancia, e provavelmente sdo

importantes para o cérebro. (DJURICIC; CALDER, 2021).

1.5. Antioxidantes e TEA

Estudos clinicos foram feitos com suplementagdo de antioxidantes naturais em criangas com
TEA. O composto mais estudado foi a N-acetilcisteina (NAC), no entanto, com resultados
contrastantes, sendo demonstrado em alguns casos auséncia de melhora significativa no quadro
clinico (WINK et al., 2016) e em outro a presenca de resultados promissores (HARDAN et al.,
2012). Concomitantemente, na avaliagdo da formula¢do contendo luteolina e quercetina em
criangas de 4 a 10 anos, por 26 semanas, foi demonstrada melhora na funcionalidade adaptativa e
comportamento geral, sem causar qualquer efeito adverso (TALIOU et al., 2013). Outros
antioxidantes, como chocolate 70% cacau, sulforafano, coenzima Q10 ¢ leite de camelo, causaram
melhora da comunicagao social e comportamento ndo usual. Esses estudos indicam a reducdo de
estresse oxidativo, aumento de atividade de enzimas antioxidantes ¢ melhora nos niveis de
moléculas antioxidantes nao-enzimaticas (MANIVASAGAM et al., 2020; XIE et al., 2018;
AHMAD et al., 2018).

Uma meta-analise mostrou que os antioxidantes (N-acetilcisteina e outros antioxidantes) e
NAC isoladamente foram mais eficazes do que o placebo na melhoria dos sintomas especificos em
pacientes com TEA, principalmente irritabilidade e distirbios de comunicagao, com tendéncia de
melhora nos comportamentos esteriotipados e hiperatividade. O efeito do NAC na redugdo do
comportamento anormal no TEA pode ser explicado por dois mecanismos diferentes: regulagao do

glutamato e antioxidante. (LIU et al., 2022)

O uso de antioxidantes provenientes de produtos naturais tem sido cada vez mais utilizados
para promoc¢ao de saude e tratamento de diversas doengas, sendo uma possivel alternativa para o
tratamento do TEA (ROSSIGNOL, 2009). Logo, tem sido investigado e utilizado antioxidantes
presentes em plantas, frutas e outros alimentos e, se em associagdo, poderiam levar a melhorias nos

pacientes. Como o estresse oxidativo e a inflamagao estao fortemente interligados, a suplementagdo
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com anti-inflamatdrios pode auxiliar na reducao dos niveis de radicais de oxigénio nos pacientes.
Como prova de conceito, o uso de anti-inflamatdrios mostrou beneficios em individuos com TEA

(PANGRAZZI; BALASCO; BOZZI, 2020a).

A literatura tem descrito o papel da rede vitamina E/vitamina C/glutationa na eliminacao de
espécies reativas de oxigénio intracelular (EROs) e as deficiéncias observadas com TEA,
beneficiando-se também do consumo de alimentos ricos em compostos nutracéuticos, que podem
apresentar efeitos aditivos ou sinérgicos. Em particular, os compostos nutracéuticos estdo presentes
em concentragdes muito altas em plantas, peixes e crustaceos, essas moléculas podem direcionar a
inflamacdo e o estresse oxidativo e diminuir os danos em varios 6rgdos, incluindo o cérebro

(PANGRAZZI; BALASCO; BOZZI, 2020b).

Virios estudos relataram niveis mais baixos de EPA e DHA na corrente sanguinea de
criangas com transtorno de déficit de atencdo e hiperatividade ou transtornos do espectro autista do
que em criangas de um grupo controle e foi postulado que a normalizagdo dos niveis de acidos
graxos resultaria em beneficio clinico nessas condi¢des, porém com muitas divergéncias quando

foram revisados e submetidos a meta-analise (DJURICIC; CALDER, 2021).
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2. Objetivos

2.1. Objetivo Geral

Investigar pacientes criangas com TEA, administrar polivitaminico/mineral e 6leo de
microalgas marinhas Schizochytrium sp. com acido docosahexaendico (DHA) e avalid-los clinica

e bioquimicamente.

2.2. Objetivos Especificos

Avaliar clinicamente criangas com TEA e separa-los por graus da doenga;

Administrar diariamente as criangas com TEA grave polivitaminico/mineral e 6leo de

microalgas marinhas Schizochytrium sp. rico em DHA por 12 semanas;

Avaliar diferencas clinicas nos individuos antes e ap0s o tratamento por meio das escalas

CARS e ABAS-3;

Obter a urina dos pacientes para andlise de peptideos e proteinas globais, em resposta ao

tratamento;

Quantificar a capacidade antioxidante da urina dos pacientes.
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3. Capitulo 1

Artigo submetido a revista Progress in Neuro-Psychopharmacology and Biology Psichiatry

Neste artigo mostramos os efeitos da administracdo por 12 semanas do dleo da alga
marinha Schizochytrium, rico em DHA, associado a um complexo multivitaminico e mineral em
criangas com transtorno do espectro autista. Além de mostrar a melhora em diversos aspectos,
demonstramos que houve aumento do poder antioxidante e alguns aminoacidos, que apontam para

os mecanismos de a¢do dos compostos.
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Abstract

Autism spectrum disorder (ASD) is a syndrome characterized by alterations in social
interaction and communication, frequently associated with stereotyped patterns ofinterests and
activities, such as repetitive behavior. The cause of ASD is genetic, but the environment
contributes to the disease’s development. Inflammation and oxidative stress are frequently
observed in such patients, and the administration of antioxidants and anti-inflammatory
compounds has been evaluated in ASD patients, considering that there is no pharmacological
treatment yet. In this work, we assessed the administration of the Marine Schizochytrium sp. oil,
containing 200 mg of docosahexaenoic acid (DHA), combined with a Multi-Vitamin & Mineral
complex, daily for 12 weeks in two to 12 years children with severe ASD, evaluated by Childhood
Autism Rating Scale (CARS) and Adaptive Behavior Assessment System Third Edition (ABAS-
3) scale before and after the treatment. CARS and ABAS-3 (general adaptive composite and social
domain) were statistically different after the treatment. Although not statistically significant, score
of conceptual and practical domains from ABAS-3 was also improved in several patients.
Among these domains, communication and visual contact were improved in all patients, and
vocabulary, interaction, feeding, and food selectivity were enhanced in some of them. The total
antioxidant capacity in urine increased after the treatment, as well as some metabolites, such as
amino acids. These data show that the continuous use of Marine Schizochytrium sp. Oil and Multi-

Vitamin & Mineral Complex can help control characteristic symptoms of ASD.

Keywords: autism spectrum disorder, children, docosahexaenoic acid, multi-vitamin & mineral

complex, clinical trial
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Introduction

Autism spectrum disorder (ASD) is a syndrome involving neurodevelopmental
dysfunction, characterized by alterations in social interaction and communication (both verbal
and nonverbal) and stereotyped patterns of interests and activities, such as repetitive behavior

(Sanchack; Thomas, 2016; Barnard-Brak et al., 2016).

There is no consensus about the causes of ASD, although the genetic theory has been the
most acceptable, added to environmental factors that contribute to the disease development, as it
can increase inflammatory responses in the brain (Liu et al., 2022). Recent advancesin genetics
and genomics have allowed for the identification of an increasingly high number of ASD-
associated gene variants, including chromosomal deletions or duplications (copy number
variations, CNVs), de novo and familial pathogenic variants, and epigenetic in candidate and

novel genes (Pangrazzi et al., 2020).

Patients with ASD can present oxidative stress due to mitochondrial dysfunction and
inflammation, which causes increased reactive oxygen species (ROS) levels summed to reduced
antioxidant capacity. ROS action causes lipid peroxidation and oxidized proteins/DNA,which
induce neuroinflammation, and may cause neuron death. Neuroinflammationis related to the
release of peroxiredoxin 2 (PRDX2) after protein oxidation (Salzano et al., 2014). Moreover,
glutathione (GSH), when reduced, induces ROS release, which contributes to inflammation
(Ghezzi, 2011). In fact, lipid peroxidation has been considered a biomarker for ASD, as well as
protein and DNA oxidation, which have been found in blood, urine (Bjerklund et al., 2020), and
the brain (Rose et al., 2012). Nevertheless, no specific biochemical test is available to diagnose

ASD yet.

The activity of antioxidant enzymes was reduced, particularly glutathione peroxidase,
superoxide dismutase, and catalase, besides the reduced levels of GSH and cysteine (So6giit et al.,
2003). A study shows that added to the dysfunctional antioxidant mechanisms in patients with
ADS, the levels of endogenous antioxidant molecules are reduced compared to healthy
individuals (Manivasagam et al., 2020). Moreover, it has been established that high ROS

concentrations can activate signaling pathways that induce the secretion of pro-inflammatory
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cytokines and chemokines (Hsieh; Yang, 2013). Thus, an external source of antioxidants has been
studied to restore the ROS scavenging system and counteract oxidative stress. In this sense,
clinical trials using antioxidants from several sources and types have been conducted in patients

with ASD (Liu et al., 2022).

Vitamins are important endogenous and exogenous antioxidants. Vitamin C is
hydrosoluble, acting on an aqueous compartment — and is not sufficient to inhibit lipid
peroxidation, but it is a highly efficient antioxidant by scavenging radicals (Bianchi; Antunes,
1999). Vitamin E is found in vegetable oils and is liposoluble, highly absorbed by the intestine,
and able to prevent lipid peroxidation in the plasmatic membrane (Reboul et al., 2007). Vitamin
A is a liposoluble antioxidant, important for cell growth and differentiation, and able to inhibit

the oxidation of compounds (Ferreira et al., 2010).

Considering ASD a neurological disease, antioxidants or other therapeutic compounds
must cross the blood-brain barrier in an optimal therapeutic concentration, so liposoluble
characteristics of such compounds may surpass this problem. Thus,liposoluble vitamins and
oils are being considered for treating brain diseases. It is essential to mention that, up to now, no

treatment has been available for ASD (Saini et al., 2021; Djuricic; Calder, 2021).

Omega-3 and omega-6 are classified as polyunsaturated fatty acids, relevant for their
biological proprieties, being the omega-6 related to vasoconstriction, inflammation, and platelet
aggregation, and omega-3 to anti-inflammatory and antioxidant (Saini et al., 2021; Djuricic;

Calder, 2021).

Omega-3 is composed of stearidonic acid, docosapentaenoic acid, eicosapentaenoic acid,
and docosahexaenoic acid (Saini; Keum, 2018), which are not produced by the human body.
Docosahexaenoic acid (DHA, 22:6n-3) has a vital role in neurodevelopment (Salem et al, 2001),
neurite growth and processes, synapsin formation, synaptic protein expression, and hippocampal
neurotransmission (Kim et al., 2022). This fatty acid is abundant in micro and macroalgae — e.g.,

oil from Schizochytrium sp can provide 33.7 to 63% of DHA (Saini et al., 2021).

In this work, we studied the daily administration, for 12 weeks, of marine Schizochytrium
sp. oil, containing 200 mg of DHA, combined with a Multi-Vitamin & Mineral complex, in two
to 12 years children with severe ASD, in checking the improvement of the disease symptoms and

biochemical aspects of urine.
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Methods

Study design and participants

This clinical trial was designed as a case series, where we tracked all the subjects after
exposure to the product (Marine Schizochytrium sp. Oil and Multi-Vitamin & Mineral Complex).
The study was approved by the Ethics Committee of Sdo Francisco University (CAAE
51579821.6.0000.5514) and was conducted according to the current laws and rules that protect

personal data and interests.

We included participants between two and 12 years old (y.o.), male or female, with ASD
diagnosed by Childhood Autism Rating Scale (CARS) (score greater than 29) and not syndromic.
Patients with non-conclusive diagnosis, CARS between 15 to 29, previous use of antioxidants

(last 30 days), syndromic or with epilepsy were not enrolled.

The CARS is widely used for evaluating patients with ASD, validated and translated in
several diagnostic centers around the world; it consists of 15 items of several skills, from personal
relationships to fear, verbal communication, and consistency of intellectual response, parameters

used as outcome (Pereira et al., 2008; Kaat et al., 2021).

After recruiting, participants were evaluated by the Adaptive Behavior Assessment
System Third Edition (ABAS-3) scale for a baseline scoreconsidering four criteria: adaptative
functionality, general behavior, social communication, and unusual behavior. Twelve weeks later,

with daily use of the product, the participants were again evaluated by the ABAS-3 scale.

ABAS-3 scale, which is widely used for people with intellectual disabilities and
developmental disorders and is appropriate for individuals from birth to 8 years old. This scale
measures daily living skills, considered helpful in assessing developmental delays, intellectual
disability, learning disabilities, neuropsychological disorders, sensory or physical impairments,
and autism spectrum disorder (Emam et al., 2019; Oakland; Harrison, 2008). Eleven skill areas
were evaluated, with staggered points, such as communication,community use, pre-academic
knowledge, leisure, self-care, life in the homeenvironment, health and safety, self-direction,
social, motor and communication, for thethree domains: conceptual, social, practical and GAC

(Emam et al., 2019; Oakland; Harrison, 2008).
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Thus, the outcome was the score obtained by both scales (CARS and ABAS-3) and the

analysis of urine, described in the item 2.2.

The withdrawal was considered if discontinuous use of the product or inadequateadherence
to the treatment, or any possible adverse effects/complications inherent from the disease were

observed.

Before-after the intervention, urine was collected in sterile tubes,which were immediately

sealed, frozen, and maintained at -20°C until the experiments.

Intervention

The product provided to the participants (in a liquid formulation) was marine
Schizochytrium sp. microalga oil enriched with DHA and a Multi-Vitamin & Mineral complex.
Marine Schizochytrium sp. microalga oil was commercially obtained (Myralis Pharma),
composed of 200 mg DHA and 2 mg eicosapentaenoic acid. The intake of this oil was 2 mL/day.
The Multi-Vitamin & Mineral complex supplement composition is shown in Table 1, as well as
the quantity administered daily. The product was administered once a day, always at the same

time, for 12 weeks.

TABLE 1. Composition and quantity of compounds present in the Multi-Vitamin & Mineral

complex, administered to participants with an autism spectrum disorder.

continua

Compound Quantity/day
Vitamin A 400 mcg
Vitamin B1 0.5 mg

Vitamin B2 0.5 mg
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TABLE 1. Composition and quantity of compounds present in the Multi-Vitamin & Mineral

complex, administered to participants with an autism spectrum disorder.

conclusdo
Vitamin B6 0.5 mcg
Vitamin B12 0.9 mcg
Vitamin C 30 mg
Vitamin D 5 mcg
Vitamin E 5 mg
Panthotenic Acid 2 mg
Cupper 340 mcg
Niacin 6 mg
Selen 16 mcg
Zinc 4 mg

Biochemical analysis

Aliquots of urine were centrifuged (10,000 r.p.m. for 10 min) and diluted in phosphate-
saline buffer (50 mM, pH 7.5) 1:10 (v:v).

Samples were loaded in a C18 column (Acquity UPLC BEH C18, 1.7 um, 2.1 x 50 mm,
Waters Co.) coupled to a reversed-phase ultraperformance liquid chromatography system
(Acquity UPLC H-Class, Waters Co., USA). The elution was performed in a two-solvent
system: (A) trifluoroacetic acid (TFA)/H20 (1:1,000)
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and (B) TFA/acetonitrile/H20 (1:900:100) at a constant flow rate of 0.2 mL/min with a 1-
100% gradient of solvent B over 16 min. The column eluates were automatically inserted in

the mass spectrometry (Xevo GS-XS QToF, Waters Co. USA), operating in positive, MS®

centroid, and resolution mode. Spectra were obtained in 30,000 resolution, 3 kV cone voltage,
150°C source temperature, 350°C desolvation temperature, and 600 L/h desolvation gas flow,
in a range of 100 to 600 m/z, in high energy (20 to 30 V ramp) and low energy (3 V). Raw
data were analyzed by Progenesis QI (Waters Co., USA) to identify the compounds by
comparison, using HMDB and massbank databases, and to determine statistical differences

between before-after treatment.

Moreover, the total antioxidant capacity of urine, before and after treatment, was
determined by a kit (antioxidant Assay Kit, 709001, Cayman Chemical), following the

manufacturer’s instructions.

Statistical analysis

Wilcoxon matched-pairs signed-rank test was applied to compare before-after
treatment in each participant by IBM SPSS Statistics Software for Macintosh (v. 27.0). It was
considered an alpha error of 0.05. Figures were drawn with GraphPad Prism Software (v. 8.0

for Mac), GraphPad Software, La Jolla, California, USA.

Results

The protocol of the study is shown in Figure 1. Initially, we assessed 25 participants,
but 10 could not fit the inclusion/exclusion criteria due to the use of drugs (e.g., anticonvulsants
and antipsychotics), had epilepsy or refused to participate. Thus, we recruited 15 participants,
according to the inclusion criteria, but 3 of them were excluded due to treatment

discontinuation. The main reason for discontinuation was the difficulty in product intake. The
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12 participants were included in the analysis and received the product.

25 assessed for eligibility

10 excluded
— 5 not meeting inclusion criteria
5 refused to participate

15 assigned to receive intervention

4

3 discontinued intervention (difficulty to the product intake)

4

12 included in analysis

Figure 1. Protocol of the study and number of participants included and excluded.

From 12 participants with ASD enrolled, 9 were male (Table 2). The age of participants
varied from two years and ten months to six y.o., although the inclusion criteria were established
up to 12 y.o. The time to diagnosis was determined from one year and three months up to three

years and seven months.

Several skills were evaluated (Table 2), and communication and visual contact were
improved in all participants after the treatment, according to the observations made by their
parents and pediatricians. Other parameters, such as vocabulary, interaction, feeding, and food
selectivity, were improved for some participants, indicated asyes — Y - in (Table 2). No altered

parameters are mentioned in the table as ‘N’.
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TABLE 2. Characterization (sex, age, and time to diagnosis) and response to the Marine Schizochytrium sp.

Oil and Multi-Vitamin & Mineral complex in participants with autism spectrum disorder.

Time to Personal
Participant Gender Age diagnostic ~Communication Vocabulary interaction Food/feeding Food selectivity Eyecontact

1 F 5 vear 3 year Y N Y Y Y Y
2 M 4year6m 1year4m Y Y Y N Y Y
3 M 2 year 10 m l1year3m Y Y Y N N Y
4 M 4year9m 1year6m Y Y Y Y Y Y
5 M 4yearllm 2year6m Y Y Y Y Y Y
6 M 6 year 3year6m Y N Y N N Y
7 F Syear 10 m 3year7m Y Y Y Y Y Y
8 M 3year 7Tm 1 year4m Y N Y N N Y
9 M 3yearSm lyearSm Y Y Y N N Y
10 M 4year6m 2year7m Y Y Y Y Y Y
11 M 3year2m lyear 4m Y Y Y N N Y
12 F Syear5Sm 3 year4m Y Y Y Y Y Y

F, female; M, male; m, month; Y, yes; N, no.

Clinical analysis by CARS and ABAS-3

The participants showed a significant difference inthe CARS (Figure 2A, P=0.002), after
the intervention with Marine Schizochytrium sp. Oil and Multi-Vitamin & Mineral complex,
with decreased values in comparison to the moment before the use of the products. Also, in the
ABAS-3 assessment, it was possible to verify that GAC (General Adaptive Composite Domain;
Figure 2B, P=0.003) and social domain (Figure 2D, P=0.005) were statistically significant in
comparison to before-after treatment. Conceptual (Figure 2C, P=0.112) and practical (Figure

2E, P=0.075) domains were not statistically altered.
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Figure 2. Response to the treatment with Marine Schizochytrium sp. oil and Multi-Vitamin & Mineral

complex of participants with autism spectrum disorder evaluated by Adaptive Behavior Assessment

System Third Edition (ABAS-3) scale. A) Childhood Autism Rating Scale; B) General Adaptive

Composite Domain; C) Conceptual domain; D) Social domain; E) Practical domain. Data are presented by

median and 95% confidence interval. Wilcoxon matched-pairs signed-rank test indicated the statistical

difference between before-after treatment, considering an alpha error of 0.05.

When analyzed individually, it was possible to see that all the participants had a reduction

in the CARS, justifying the statistical significance (Figure 3A). GAC revealed that only one

participant did not change the score, while others improved (Figure 3B). Regarding the social
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domain (Figure 3D), one participant had no improvement, and others did, being one participant

with a score increase of 30 points. Other parameters conceptual and practical domains, did not

present statistical significance in groups. Still, when participants were analyzed individually

(Figures 3C and 3E, respectively), it is possible to see that the score was increased for most of

them, being highly decreased on only one participant, which justifies the higher P-value.
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Figure 3. Response to the treatment with Marine Schizochytrium sp. oil and Multi-Vitamin & Mineral

complex of participants with autism spectrum disorder evaluated by Adaptive Behavior Assessment

System Third Edition (ABAS-3) scale. A) Childhood Autism Rating Scale; B) General Adaptive Composite

Domain; C) Conceptual Domain; D) Social Domain; E) Practical Domain.Data are shown by raw data and

pairing between before-after 12 weeks of treatment. The statistical analysis applied was a Wilcoxon

matched-pairs signed-rank test that indicated the statistical difference between before and after treatment,

considering an alpha error of 0.05.



34

Total antioxidant capacity of urine

The total antioxidant capacity of urine was determined in both groups, and a statistically

significant increase was observed after the treatment compared to urine before the beginning of the

study (Figure 4).
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Figure 4. Total antioxidant capacity of urine of participants with autism spectrum disorder after the
treatment with Marine Schizochytrium sp. oil and Multi-Vitamin & Mineral complex. The statistical
analysis applied was a Wilcoxon matched-pairs signed-rank test that indicated the statistical difference

between before-after treatment, considering an alpha error of 0.05.

Urine metabolites

In an untargeted search, the urine, when analyzed by mass spectrometry, presented
differences between before-after treatment with Marine Schizochytrium sp. oil and Multi-Vitamin

& Mineral complex for 12 weeks.

The identified molecules with statistical differences are shown in Table 3, which all increased with

the treatment. It was possible to identify amino acids in free and dipeptide forms and compounds

related to amino acid metabolism, such as succinylacetoacetate.
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Table 3. Compound identification and statistically different between before-after the treatment with Marine

Schizochytrium sp. oil and Multi-Vitamin & Mineral complex.

Mass Retention

Error time ANOVA
Description Formula Score (ppm) m/z (min) (P
1-Methyl-6-phenyl-1H-
imidazo[4,5-b]pyridin-2-
amine Ci13Hi2Ny 40 4.53 266.1410 4.90 0.0012
2-Deoxystreptamine CeH14N2O3  38.2 -0.96 185.0895 3.78 0.0319
3-Mercaptolactic acid C3HeO3S 39.6 291 123.0113 4.80 0.0269
5-Hydroxylysine CeH14aN2O3  40.6 0.96 185.0895 3.78 0.0319
Capillin Ci2HsO 37.6 0.86 151.0544 4.25 0.0299
Cinnamyl cinnamate CisH1602 38.1 3.25 265.1231 4.93 0.0162
Ethyl aconitate CsH1006 37.9 3.56 225.0377 5.62 0.0398
Methionyl-Proline CioHisN203S  36.8 3.01 247.1118 4.93 0.0144
N-Propionylmethionine CsHisNOsS 374 4.88 188.0750 4.61 0.0483
Prolyl-Methionine CioHisN203S  30.8 3.01 247.1118 4.93 0.0144
Succinylacetoacetate CsH1006 37.7 3.56 225.0377 5.62 0.0398

Discussion

ASD is a complex neurodevelopmental disease characterized by multiple conditions,

including deficits in communication and social interaction and specific patterns of behavior, such

as repetitive activities. Other diseases can be observed in patients with ASD, such as epilepsy and

immune dysfunction. Due to that, epileptic participants were excluded from the study (APA,

2014).

Recently, research was focused on neural development and synapticplasticity to

understand and propose new treatments for ASD; in addition, the immune condition has been

widely studied, including oxidative stress in an important role in disease development (Pangrazzi
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et al., 2020).

A study showed that children seem more vulnerable to oxidative stressthan older kids due
to their inefficient antioxidant mechanisms. Thus, the supplementation of antioxidants in younger

children would surpass this unbalance by scavenging these free radicals (Schiavone et al., 2015).

Since chronic exposure to ROS can cause neuroinflammation and neuron damage,
oxidative stress prevention would impair irreversible braindamage, and exogenous antioxidants
may have this rule in patients with ASD (Popa-Wagner et al., 2013). We observed here that the
total antioxidant capacity of urine was increased after the treatment, reinforcing the antioxidant

effect of DHA and vitamins/minerals and appropriate intake.

In fact, clinical trials have shown that patients with ASD improved their skills in
administering antioxidants. Coenzyme Q10 improved communication in children,both restricted
and overall (Mousavinejad et al., 2018). N-acetylcysteine also caused improvement in irritability

and stereotypical behavior after 8 weeks of treatment (Hardan et al., 2012).

Vitamins were also evaluated in patients with ASD: vitamin C caused improvement in
sensorimotor behavior when administered by 30 weeks (Pangrazzi et al., 2020). Seventy-three
ASD children (2.5-8.0 y.o0.) were evaluated in a randomized,double-blind, placebo-controlled trial
using vitamin D (2,000 IU/day) and DHA (722 mg/day). They caused improvement in the Social
Responsiveness Scale-awareness and modulation of the inflammatory response (Mazahery et al.,

2020).

A recent study showed that 54 children with ASD, evaluated in a double-blind and
randomized clinical trial, improved stereotyped behaviors and socialcommunication after the
daily use of 1,000 mg of omega-3 (Doaei et al., 2021). A 16-month study with 377 children was
conducted, and the administration of 200 mgDHA and 200 mg arachidonic acid vs. placebo caused

an increase in the Pervasive Developmental Disorders Screening Test-II, Stage 2 (Boone et al.,

2020).

Torre-Aguilar evaluated the administration of fatty acids (800 mg/day DHA and25 mg/day EPA)
on patients with (2-6 y.o.) for six months and compared to a placebo group. They found that using

CARS-2, there was no significant change between groups, but comparing the baseline to the

treatment group’s final intervention, a significant reduction in the score was observed (Bacila et
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al., 2015).

Voight et al. (2014) supplemented ASD children with 200 mg/day DHA for 6 months and
did not see any improvement in symptoms and attributed to the inadequatesample size. In the
same way, Politi et al. (2008) related no findings with the administration of omega-3 FA in young

adults with severe autism and attributed to the small sample.

Although the use of omega and vitamins has been widely studied, our study is the first one
that combines DHA and vitamins/minerals complex. The variation among children was the cause
of the divergent results observed in clinical trials and also observed here. Some ABAS-3 scale
domains had no statistical significance due to the low homogeneity of data. Moreover, scores for
both initial and ending time for several domains are different between individuals, making us
choose the case series trial, not randomized, double-blind, and placebo-controlled clinical trial.
Finally, including a placebo group would require higher recruitment of patients and consequently
a high dropout rate, or even discontinuous intakeof supplements, which would make the results
inconclusive. This may happen in some published clinical trials, in which no alteration in the
patient’s behavior with omega-3 or vitamin use is observed. It is essential to mention that ASD
children have severaldifficulties in their food intake since taste to food aspect is a challenge to

administerproducts in such patients and have warranties of engagement in a clinical trial.

By analyzing these ABAS-3 parameters, it was possible to quantify aspects qualitatively
observed by the children’s parents and pediatricians, especially those related to communication,
visual contact interaction, feeding, and food selectivity, considered essential for the insertion of

such patients in society and improving their quality of life.

On the other hand, we obtained satisfactory indices on the ABAS-3 scale, which assesses
individuals in termsof adaptive functionality, general behavior, social communication, and unusual
behavior,allowing for the monitoring of patients and improvement of these symptoms, when
periodically reapplied, with their standard scores referenced by numbers, the confidence interval
for standard scores and classification of percentiles, using the scale’s tables to classify them later
descriptively and categorically into extremely low, low, below average, medium, above average, and

high (Oakland; Harrison, 2008).

Adaptive functioning refers to how well a person meets the standards of their community
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in terms of personal independence and social responsibility compared to others of similar age and
sociocultural background, involving adaptive reasoning in threedomains: conceptual, social, and

practical the GAC is the sum of these three domains (APA, 2014).

Our study showed a significant improvement in the social domain and GAC; the first one
involves the perception of thoughts, feelings, and experiences of others, in addition to empathy,
interpersonal communication skills, friendship skills, and social justice, which is consistent with
the qualitative observations obtained from the parents and caregivers, who noticed that
communication and interaction with people and the environment had a good evolution. GAC is a
general classification of the individual’s functioning, as it considers all the evaluated domains,
making it more explicit that theperception of parents and caregivers may not be wrong since, in the

12 participants,there were reports of a favorable development globally.

The presence of amino acids in the urine was detected. 5-Hydroxylysine has been found
to reduce in ASD untreated patients, compared to healthy patients, and the treatment with
probiotics and nutritional supplements increased the concentration in urine (Evans et al., 2008).
Here we observed a similar result — 5-Hydroxylysine was increased after intervention with Marine
Schizochytrium sp. oil and Multi-Vitamin & Mineral complex. This amino acid is present in
collagen and enables the formation of cross-links and carbohydrates attachment, and then has
importance in the extracellular matrix and bone/connective tissue, and other physiological
functions, such as cell-cell signaling, adhesion, migration, and cell differentiation (Gjaltema;

Bank, 2017).

The dipeptide methionyl-proline or prolyl-methionine, not differentiated by mass
spectrometry, was detected. Dipeptides involving these two amino acids have never been related
to ASD; however, proline has been found to decrease in the urine of children with ASD, and the

treatment with food supplements could restore the level of the amino acid, as observed here

(Zheng et al., 2017).

Conclusion
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This clinical trial showed favorable results concerning skills developmentin children’s
participants with ASD who used Marine Schizochytrium sp. oil and Multi-Vitamin & Mineral
complex, by their antioxidant effect and amino acids balance. We observed not only qualitative

results but could quantify parameters that statistically changed after the use of the product.

It is important to point out that using such supplements is a cheaper and easier choice for
patients with ASD, who have high food selectivity and find it challenging to take all kinds of

medicine.

We believe that using Marine Schizochytrium sp. oil) and Multi-Vitamin & Mineral
complex, especially at an earlier stage, maybe possible for adjuvant therapy as it becomes more

evident every day how antioxidant and anti-inflammatory molecules can help in the condition.
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4. Conclusao

O Transtorno do Espectro Autista tem sido amplamente divulgado devido ao grande impacto
que provoca tanto nos individuos que recebem o diagnoéstico como nas suas familias e meios de
convivéncia, ainda sem uma fisiopatologia bem estabelecida e sendo principalmente causa
multifatorial, os estudos tém se voltado a estabelecer maneiras de realizar diagndstico precoce,

assim como elucidar a patogénese para que entdo pudesse intervir de forma mais efetiva.

A associagdo do TEA com estresse oxidativo vem sendo comprovada em diversas
publicacdes, assim, fontes externas de antioxidantes tém sido estudadas, a fim de restaurar o
sistema de eliminacdo de EROs e entdo neutralizar o estresse oxidativo. No entanto, muitos
resultados sdo conflitantes em literatura, provavelmente pelo desenho do estudo clinico, falta de

padroniza¢do das amostras, relacdo ao tipo de substancia utilizada, dose e tempo de tratamento.

Os nossos resultados mostraram-se promissores em relacdo ao desenvolvimento dos
participantes com TEA, provavelmente pelo se efeito antioxidante e equilibrio de aminoécidos.
Observamos resultados significativos do ponto de vista qualitativo e quantitativo, com mudancas
estatisticas apos uso dos produtos. A dificuldade de adesdo ao tratamento, tanto por questdes
comportamentais quanto pela seletividade alimentar, ¢ uma barreira importante a se considerar, o
que nos levou a escolher o tipo de estudo comparativo (antes e apds o tratamento), € iSs0 nos

permitiu a inclusdo de um niimero menor de pacientes.

Foi possivel notar melhora significativa de diversos aspectos, o que impactou positivamente

na qualidade de vida tanto das criangas quanto das familias.

Desta forma, acreditamos que o uso do 6leo de alga marinha Schizochytrium sp e complexo
multivitaminico/mineral, especialmente em um estagio inicial, deve ser considerado para terapia
adjuvante, pois fica mais evidente a cada dia como as moléculas antioxidantes e anti-inflamatdrias

podem ajudar na condicao.
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