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RESUMO

O consumo materno de acidos graxos essenciais é considerado critico para a sintese
lipidica estrutural de membranas, crescimento fetal e fungéo celular durante a fase inicial
da vida. Sua privacdo alimentar pode induzir transtornos de ansiedade e aumentar a
vulnerabilidade cerebral ao estresse oxidativo. Com o presente trabalho objetivou-se
investigar o impacto do consumo materno, do 6leo bruto e refinado da castanha do Par4,
durante a gestacéo e lactacdo sobre o comportamento de ansiedade e peroxidacéo lipidica
cerebral da prole de ratos. Fémeas primiparas foram usadas para obtencéo dos filhotes. A
prole foi dividida em seis grupos, sendo trés grupos com filhotes machos e trés com
filhotes fémeas: controle (CG-M e CG-F) — tratado com &gua destilada; 6leo bruto (OB-
M e OB-F) e 6leo refinado (OR-M e OR-F) ambos tratados com 3000 mg de 6leo/kg de
peso do animal. Estas dietas foram ofertadas as mées do 7° dia de gestacdo e por toda
lactacdo. Apenas as ratas maes receberam o tratamento. A verificacdo dos parametros de
ansiedade foi observada na prole durante a adolescéncia utilizando o Labirinto em Cruz
Elevado (LCE), Campo Aberto (CE) e Caixa Claro-Escuro (CCE). Os niveis de
malondialdeido (MDA) foram medidos no cérebro. Os dados foram analisados pela
ANOVA, seguida de um teste de multiplas faixas de Tukey e o teste two-way (p < 0.05).
Como resultado foi observado que, os grupos RO-M/RO-F apresentaram um maior
namero de entradas nos bragos abertos e mergulho de cabeca (p < 0.05) no LCE, os grupos
OB-F e OR-F gastaram mais tempo nos bragos abertos, ja o grupo OR-M gastou um maior
tempo comparado aos demais grupos (p <0.05). No CA houve uma maior locomog&o nos
grupos OB-M/OB-F e OR-M/OR-F (p < 0.05), o nimero de rearing foi maior no OR-
M/OR-F comparado ao controle e os grupos OB-M/OB-F (p < 0.05) obtiveram um maior
numero de rearing comparado aos demais grupos, os grupos OB-M/OB-F e OR-M/OR-F
(p < 0.05) realizaram menos grooming. J4 no CCE, o tempo no claro e 0 nimero de
transi¢cdes foram maiores dos grupos OB-M/OB-F e OR-M/OR-F. No que se refere ao
sexo, as fémeas apresentaram um maior tempo nos bracos abertos do LCE, se
locomoveram mais no CA e gastaram mais tempo na area clarado CCE comparado aos
machos. Houve uma menor concentracdo de MDA no cérebro tanto nos machos como
nas fémeas (p < 0.05). Foi demonstrado que a suplementagcdo materna com 6leo bruto e
refinado da castanha do Para durante a gestacdo e a lactacdo promoveu um efeito
ansiolitico naprole, especialmente nas fémeas, e preveniu a peroxidacéo lipidica cerebral.

Palavras-chave: &cido graxo, neurodesenvolvimento; ansiolitico.
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ABSTRACT

Maternal consumption of essential fatty acids is considered critical for structural lipid
synthesis of membranes, fetal growth and cell function during the early stage of life. Their
food deprivation can induce anxiety disorders and increase the brain's vulnerability to
oxidative stress. The aim of this study was to investigate the impact of maternal
consumption, of crude and refined Brazil nut oil, during pregnancy and lactation on the
anxiety behavior and cerebral lipid peroxidation of the offspring of rats. Primiparous
females were used to obtain the young. The chicks were divided into six groups, three
with male chicks and three with female chicks: control (CG-M and CG-F) - treated with
distilled water; crude oil (CO-M and CO-F) and refined oil (RO-M and RO-F) both
treated with 3000 mg of oil / kg of animal weigh. These diets have been offered to mothers
since the 7th day of pregnancy and throughout lactation. Only the mother rats received
the treatment. The verification of anxiety parameters was observed in the offspring during
adolescence and the Elevated plus maze (EPM), Open field (OF) and Light-dark box
(LDB) were used. Malondialdehyde (MDA) levels were measured in the puppies' brain,
liver and heart. The data were analyzed by Anova, followed by a Tukey multiple-band
test and the two-way test (p <0.05). As a result, it was observed that the RO-M / RO-F
groups had a greater number of entries in the open arms and the head dive (p <0.05) in
the EPM, the CO-F and RO-F groups spent more time in the arms open, the RO-M group
spent more time compared to the other groups (p <0.05). In OF there was a greater
locomotionin groups CO-M / CO-F and RO-M / RO-F (p <0.05), the number of rearing
was higher in RO-M / RO-F compared to control and groups CO-M / CO-F (p <0.05)
obtained a greater number of rearing compared to the other groups, the groups CO-M /
CO-F and RO-M / RO-F (p <0.05) performed less grooming. In the LDB, the timein the
clear and the number of transitions were higher in the CO-M / CO-F and RO-M / RO-F
groups. With regard to sex, females had a longer time in the open arms of the EPM, moved
more in the OF and spent more time in the clear area of the LDB compared to the males.
There was a lower concentration of tissue MDA in both males and females (p < 0.05). It
has been shown that maternal supplementation with crude and refined Brazil nut oil
during pregnancy and lactation promoted an anxiolytic effect on offspring, especially in
females, and prevented cerebral lipid peroxidation.

keywords: fatty acid, neurodevelopment; anxiolytic.
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1 INTRODUCAO

Durante o periodo fetal e os primeiros anos de vida pds-natais, 0 cérebro cresce
rapidamente e é particularmente sensivel a muitos fatores externos, como: a nutri¢ao, o
estimulo social e ao estresse (FAN et al., 2016). Este periodo é conhecido como critico
para o desenvolvimento cerebral (MORGANE et al., 1993). O suprimento materno
de &cidos graxos, € considerado critico para a sintese lipidica estrutural de membranas e
crescimento normal, bem como para a funcdo celular e desenvolvimento de diferentes
sistemas e orgdos do feto (MENNITTI et al., 2018). Sendo assim, o consumo de
guantidades adequadas de acidos graxos essenciais é necessario durante a gravidez e
lactacd@o para um crescimento fetal e infantil ideal (OAKS et al., 2017).

Durante a gestagdo o metabolismo lipidico materno sofre intensas modificagdes
para que ocorra a transferéncia placentaria de nutrientes essenciais para garantir o
suprimento fetal. Na lactacdo, os &cidos graxos continuam sendo disponibilizados atraves
do leite materno e a reserva de gordura corporal aliada a ingestdo materna de fontes
lipidicas ira interferir diretamente na composicdo lactea produzida durante esta fase
(INNIS, 2014; RODRIGUEZ-GONZALEZ; CASTRO-RODRIIGUEZ; ZAMBRANO,
2018). No entanto, os acidos graxos essenciais (linoleico e linolénico) ndo podem ser
produzidos pelo organismo e precisam ser fornecidos na dieta materna (HANEBUTT, et
al., 2008; HERRERA; ORTEGA, 2010). O consumo materno adequado destes acidos
graxos determina a quantidade e a qualidade de acidos graxos que serda acumulado no
tecido cerebral da prole (QUEIROZ et al., 2019).

A privacdo alimentar destes acidos graxos essenciais pode aumentar a expressao
de comportamento semelhante a ansiedade, devido a disfuncdo nos sistemas
transmissores monoaminérgicos do cérebro em neuropeptidios mediadores do estresse ou
fatores neurotdpicos, além de uma desregulacdo da neurogénese do hipocampo
(MULLER et al., 2015). Ademais, o cérebro é vulneravel ao estresse oxidativo, pois
consome grandes quantidades de oxigénio (VAN VELZEN et al., 2017).

O dano oxidativo afeta as estruturas celulares, a neurotransmisséo, as vias de
sinalizacdo da transducdo (QUADROS et al., 2019) e induz morte celular; além de
aumentar a suscetibilidade a doencas neurodegenerativas, depressdo e ansiedade
(BARBOSA et al., 2018), devido a formacdo de moléculas pro-inflamatérias, como
malondialdeido e 4-hidroxinonenal (BAKUNINA; PARIANTE; ZUNSZAIN, 2015). As

defesas antioxidantes celulares modulam os niveis de radicais livres, mantendo assim o


https://www-sciencedirect.ez15.periodicos.capes.gov.br/topics/medicine-and-dentistry/nutrition-physiology
https://www-sciencedirect.ez15.periodicos.capes.gov.br/topics/medicine-and-dentistry/fatty-acid
https://www-sciencedirect.ez15.periodicos.capes.gov.br/topics/medicine-and-dentistry/lipogenesis
https://www-sciencedirect.ez15.periodicos.capes.gov.br/science/article/pii/S0952327817301904#!
https://www-sciencedirect.ez15.periodicos.capes.gov.br/science/article/pii/S0261561408001064#!
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status redox (QUADROS et al., 2019), como também o consumo de &cidos graxos
essenciais (QUEIROZ et al., 2019).

Estudos ja vem demonstrado o efeito da suplementacdo de acidos graxos
poliinsaturados sobre os parametros de ansiedade em ratos. Cheema et al. (2018)
observaram que a suplementacdo de azeite de oliva apresentou um comportamento tipo
ansiolitico em ratos machos. J& Auguste et al. (2018) analisaram uma dieta deficiente de
O0mega-3 e outradietaricaem gordurasaturada (6leo de coco) durante o periodo perinatal,
no qual observou-se que o consumo de ambas dietas induziu na prole, comportamento
tipo ansiogénico.

Um alimento fonte de acidos graxos essenciais € a Castanha do Para (Bertholletia
excelsa), nativa da regido amazonica (MORAIS DE BRITO et al, 2019) e consumidaem
todo o mundo devido seu alto teor energético e por ter uma boa fonte de nutrientes
(SILVA, 2014; JUNIOR et al., 2017). Amplamente utilizada nos setores culinarios e
cosméticos (BERENGUEL et al., 2018), como também na producéo de outros produtos,
como, 6leo, barras de cereal e biscoitos (MORAIS DE BRITO et al, 2019).

O oleo da castanha do Pard (Bertholletia excelsa), é fonte de acidos graxos
insaturados, com predominanciados PUFAs, apresentando uma média de 75% e possuir
propriedades antioxidantes responsaveis pela modulacdo do sistema imunoldgico e dos
processos inflamatdrios (SANTOS et al., 2013; NETO et al., 2018).

Devido os estudos evidenciarem a associagdo entre 0s acidos graxos essenciais
com os distarbios de ansiedade e a escassez de informacdes sobre o efeito do consumo
do Oleo da castanha do Para, hipotetizou-se que a suplementacdo materna do 6leo
castanha do Para poderia modular o comportamento de ansiedade da prole.

Diante do exposto, a presente pesquisa objetivou-se investigar o impacto do
consumo materno, do 6leo bruto e refinado da Castanha do Para, durante a gestacao e
lactacdo sobre o comportamento de ansiedade e peroxidacao lipidica cerebral da prole de

ratas.
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2 REFERENCIAL TEORICO

2.1 TRANSTORNO DE ANSIEDADE

Os transtornos de ansiedade sdo 0s transtornos psiquiatricos mais comuns, com
uma prevalénciaestimadaao longo da vida de mais de 28 % da populacdo (PAPENFUSS
et al., 2021). J4 em jovens esta prevaléncia é de 15 a 20 % (CROWE; SPIRO-LEVITT,
2020). Essas condigdes sdo debilitantes, prejudicam a qualidade de vida e representam
um alto custo para a satde (GRILLON; ERNST, 2020).

A ansiedade generalizada é caracterizada como uma sensacdo de inquietacdo ou
medo em relacdo ao futuro e ocorre a partir de uma presséo internaou cognitiva, estando
intimamente ligada ao aprendizado e pode interferir negativamente na habilidade de
resolucdo de problemas (VERLY-MIGUEL et al., 2015; YOCKEY; RHENRY, 2019).

As alteracOes ocasionadas pela ansiedade culminam no surgimento de sinais
clinicos, como: taquicardia, alteracdes na pele, hiperventilacao, sensagdo de afogamento
ou sufocamento, sudorese, dores, tremores, queixas de insénia, falta de concentragédo e
sentimento de constante alerta (PEREIRA, 2018; NATACCI, 2018; IMPEY;
GORDON; BALDWIN, 2020).

O eixo hipotadlamo-hipdfise-adrenal possui papel central por orquestrar as
respostas ao estresse e consequentemente a ansiedade, por meio do aumento na producao
de cortisol, um horménio glicocorticoide produzido pelo cortex da adrenal e associado ao
estresse. O nucleo paraventricular do hipotalamo libera o hormoénio liberador de
corticotropina (CRH) sobre a hipdfise anterior, que ird atuar sobre as suprarrenais por
meio da liberagdo do hormdnio corticotropico fazendo com que essa glandula libere
cortisol em resposta ao estresse. Camundongos manipulados geneticamente para super
expressdo do CRH apresentam aumento de comportamentos tido como ansiosos, pois
quando os receptores deste horménio sdo retirados os camundongos apresentam redugédo
dessas reacOes (BEAR; CONNORS; PARADISO, 2008).

Problemas de satide mental tendem a surgir durante o periodo de desenvolvimento
final da adolescéncia. H4 uma crescente percepcdo de que a adolescéncia pode ser
fundamental na programacéo de respostas ao estresse e na cognigédo social , importantes
para o desenvolvimento de comportamentos tipicos na idade adulta. Estressores
ambientais durante esse periodo sensivel podem aumentar muito o risco de disturbios

psicoldgicos como ansiedade e depressdo (WAH, 2019).


https://www-sciencedirect.ez15.periodicos.capes.gov.br/topics/neuroscience/social-cognition
https://www-sciencedirect.ez15.periodicos.capes.gov.br/topics/neuroscience/psychopathology
https://www-sciencedirect.ez15.periodicos.capes.gov.br/topics/neuroscience/psychopathology
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Estudos mostram que pessoas com transtornos do humor geralmente tém dietas
de baixa qualidade, que sdo pobres em frutas e outros vegetais, mas com alto teor de
gordura e acgucar. Cada vez mais, dietas modificadas estdo sendo usadas para tratar
transtornos, onde dietas pobres em acUcar e altas em acidos graxos sdo recomendadas
(DAVISON; MKAPLAN, 2012).

Os modelos de ansiedade com a utilizacao de roedores séo Uteis como ferramentas
para a identificacdo de compostos ansioliticos e dos aspectos envolvidos na etiologia dos
distarbios psiquiatricos. Os mais utilizados sdo, Campo Aberto (CA), Labirintoem Cruz
Elevado (LCE) e o teste de Caixa Claro-Escuro (CCE), ilustrados na figura 1. O primeiro
tem o objetivo de avaliar a atividade exploratoria onde o aumento da ambulacao reflete
um comportamento ansiolitico; o segundo teste constitui um aparato formado por dois
bracos fechados e dois bracos abertos perpendiculares aos primeiros, uma area central,
sendo este elevado do solo, onde, quanto maior os niveis de ansiedade, menor sera o
percentual de entradas tempo gasto do animal nos bragos abertos, ja o Gltimo teste vai
avaliar através do tempo e permanéncia do animal nos comportamentos claro e escuro,
guanto menos ansioso maior a tendéncia a explorar o lado claro da caixa ( FLIN, 2003;
PRUT; BELZUNG, 2003; BOURIN; HASCOET, 2003).

Figura 1 — Aparatos utilizados para realizagdo dos testes

Labirinto em

Campo Aberto
Cruz Elevado

Caixa Claro-Escuro

(Fonte: Propria)
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Ferraz et al. (2011) mostraram que a suplementacdo de acidos graxos
poliinsaturados neutralizou os efeitos ansiogénicos do estresse no teste do Labirinto em
Cruz Elevado e promoveu uma reducdo do hormonio corticosterona para niveis
compativeis aos observados no grupo controle. Ja Cheema et al. (2018) utilizaram o
campo aberto para analisar o comportamento tipo ansiedade, onde suplementaram ratos
machos com azeite de oliva e observaram um efeito ansiolitico, ocasionado pelo aumento

da atividade exploratoria no CA.

2.2 TRANSTORNO DE ANSIEDADE E O CONSUMO DE ACIDOS GRAXOS

Os lipidios desempenham um papel importante na funcdo neural no cérebro
(MULLER et al., 2015). Se destacam devido seu relacionamento direto com o processo
de génese cerebral (VELASCO, 2009; MADORE, 2014) e a sua composicao influencia
diretamente a percepcéo subjetiva, do humor e do comportamento emocional (MULLER
et al., 2015). E os &cidos graxos poliinsaturados sdo vitais para estes processos (INNIS;
ELIAS, 2003; RACHETTI, 2012).

Os AGPI sdo classificados nos grupos, 6mega 3 e 6mega 6. O é&cido
eicosapentaenoico (EPA), o acido docosahexaendico (DHA) e o a-linolénico (ALA) sdo
0s principais componentes bioativos da série dmega-3 (THESING et al., 2018) e o
principal &cido graxo 6mega-3 encontrando no cérebro é o DHA, que compreende até 10
a 20% da sua composicao, enquanto o ALA, o EPA e o &cido docosapentaenoico (DPA)
compreendem apenas 0,1% do cérebro (JADOON et al., 2012). Eles podem ser
encontrados principalmente em peixes gordurosos, frutos do mar, nozes e sementes
(MULLER et al., 2015). Ja os acidos graxos da série 6mega-6 sdo encontrados, por
exemplo, em sementes e 6leos de plantas e vegetais, como também é em margarinas e
alimentos processados (THESING et al., 2018).

Varios mecanismos bioquimicos podem explicar a associagdo entre AGPI e
ansiedade (YOUNG; CONQUER, 2005). O EPA e o DHA séo 0s componentes integrais
da bicamada fosfolipidica nas membranas celulares neuronais, tornando-os relevantes
para a fisiologia e neurotransmissdao das membranas (GONZALES et al., 2015).

O DHA, ¢ essencial para a funcdo neuroldgica normal e se acumula rapidamente
durante o desenvolvimento cerebral (GREEN et al., 2006; CHEN, 2013), estando
associado a estabilidade da membrana neuronal e atransmissao de serotonina e dopamina,

(CHALON, 2006), e também tem propriedade antiinflamatoria, aliviando o sistema


https://www-sciencedirect.ez15.periodicos.capes.gov.br/science/article/pii/S1388198114002662#!
https://www-sciencedirect.ez15.periodicos.capes.gov.br/science/article/pii/S1388198114002662#!
https://www-sciencedirect.ez15.periodicos.capes.gov.br/science/article/pii/S030645301730481X#!
https://www-sciencedirect.ez15.periodicos.capes.gov.br/science/article/pii/S0165032711005337#!
https://www-sciencedirect.ez15.periodicos.capes.gov.br/science/article/pii/S1388198114002662#!
https://www-sciencedirect.ez15.periodicos.capes.gov.br/science/article/pii/S030645301730481X#!
https://www-sciencedirect.ez15.periodicos.capes.gov.br/science/article/pii/S0166432814007396#!
https://www-sciencedirect.ez15.periodicos.capes.gov.br/science/article/pii/S0955286312000721#!
https://www-sciencedirect.ez15.periodicos.capes.gov.br/science/article/pii/S0165032711005337#bb0050
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imunoldgico hiperativo associado a ansiedade (YOUNG; CONQUER, 2005). Além de
afetar a funcdo neuroldgica modulando a neurotransmissdo, neurogénese e mielinizacéo
(THESING et al., 2018). O EPA né&o esta concentrado nas membranas neurais, mas pode
afetar sua funcdo por meio de efeitos neuroimunologicos (SINCLAIR et al, 2007)
antagonizando os PUFAs do 6émega 6, 0 acido araquiddnico, reduzindo a sintese de
prostaglandina (JADOON et al., 2012) e aumentando assim o fluxo sanguineo cerebral
(BUYDENS-BRANCHE et al., 2008).

Estudos ja vem demonstrado o efeito da suplementacdo de acidos graxos
poliinsaturados sobre os pardmetros de ansiedade em ratos. Soares et al. (2013)
suplementaram ratas gestantes e lactantes com gordura do leite de cabra, rica em acido
linoléico conjugado (CLA), e avaliaram seu efeito sobre os parametros de ansiedade,
indicadores do desenvolvimento somatico e ontogénese reflexa em sua prole de machos.
Os resultados mostraram que houve uma reducdo no comportamento tipo ansiogénico e
uma melhora no desenvolvimento fisico na progénie de maes alimentadas com CLA
durante a gestacdo e lactagdo. Corroborando com Queiroz et al. (2019) que também
suplementaram ratas durante a gestacdo e a lactacdo com CLA e obtiveram um
comportamento tipo ansiolitico em sua prole; além de apresentarem uma concentracdo
maior de glutationa e uma menor de malondialdeido no tecido cerebral dos animais.
Demonstrando assim a influénciado CLA no comportamento, no crescimento fisico e no
desenvolvimento do cérebro na prole.

Outro estudo pesquisou o efeito da suplementacdo do 6leo de peixe, contendo 12
% de EPA e 18 % de DHA, em ratos machos na fase inicial da vida e foi observado uma
prevencao na ocorréncia no comportamento tipo ansiedade e no comportamento tipo
depressivo. Os autores associaram que estes efeitos estdo ligados principalmente a
reducédo da corticosterona, aumento da fluidez e a excitabilidade da membrana, com
liberacdo de neurotransmissores como a serotonina e a dopamina, promovida pela
suplementacdo dos AGPI (FERRAZ et al., 2011).

Ja Auguste et al. (2018) analisaram uma dieta deficiente de dmega-3 e outra dieta
rica em gordura saturada (6leo de coco) durante o periodo perinatal, no qual observou-se
que o consumo de ambas dietas induziu na prole, comportamento tipo ansiogénico.

Segundo o que foi exposto com relacdo aos acidos graxos poliinsaturados e seus
efeitos na protecéo contra ansiedade, a pesquisa teve como objetivo avaliar o potencial

do dleo da castanha do paré sobre este tipo de comportamento.


https://www-sciencedirect.ez15.periodicos.capes.gov.br/science/article/pii/S0278584607003880#bib34
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2.3 CASTANHA DO PARA

A castanheiraé uma espécie de arvore da familia Lecythidacea (BONELLI et al.,
2001; CARDOSO et al., 2017), que pode atingir mais de 50 metros de altura, com
frutificacdo ocorrendo entre 8 e 12 anos. O fruto da castanheira (ourico) apresenta formato
esférico, possui casca dura e lenhosa, pode conter de 15 a 24 sementes, que possui de 3 a
5 cm e tem coloracdo branca a amarelada coberta por uma pelicula marrom, como
demonstrado na figura 2 (LOCATELLI et al., 2005). A castanha apresenta 75 % de
ourico e 25 % de sementes, sendo que deste Ultimo, 12 % é representado pela casca e 13
% pela améndoa (MULLER, 1981). Sendo nativa da regido amazénica, ocorrendo
também nas regides da Bolivia e do Peru (MORAIS DE BRITO et al., 2019).

A arvore foi descritaem 1808 pelos pesquisadores Humboldt, Bompland e Kunth
e recebeu a denominacgéo botéanica (Bertholletia excelsa H.B.K.) em homenagem aos
pesquisadores. Outras denominagfes variam conforme seus locais de origem
(ENRIQUEZ, et al., 2003).

Figura 2 — Castanheira (Lecythidacea) e sua semente Castanha do Para

(Fonte: EMBRAPA, 2018)
A Castanha do Para (Bertholletiaexcelsa) é consumidaem todo o0 mundo devido

ao seu alto teor energético e por ter uma boa fonte de nutrientes. Apresentaalto contetdo
de lipidio, de 60 a 70%, com cerca de 23% de &cidos graxos monoinsaturados, 21% de
acidos poli-insaturados e 15% de acidos graxos saturados, com predominancia do acido
graxo linoleico (6mega-6) (SILVA, 2014; JUNIOR etal., 2017). E considerada boa fonte

de proteinas, 15 a 20%, e apresenta teor diferenciado para 0 aminoacido sulfurado da
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metionina que é essencial, aminas biogénicas e fosfolipidios (SOUZA, 2013; DE
OLIVEIRA et al., 2020); contendo também em sua composicao vitaminas, como, niacina,
tiamina, vitamina E, vitamina B¢ e minerais, como, selénio, magnesio, fosforo (YANG,
2009). Além disso, a Castanha do Para é uma boa fonte alimentar de fitoquimicos, como
os fendlicos, flavonoides, tocoferol, fitoesterois e esqualeno (MORAIS DE BRITO et al.,
2019). Esses compostos bioativos estdo relacionados a capacidade antioxidante e tem seus
efeitos benéficos relacionados a satude humana (CARDOSO et al., 2017; GOMES et al.,
2019). A ingestdo da castanhado Para reduz os fatores de risco cardiovasculares e mostra
uma melhora nas atividades antioxidantes, antiinflamatorias, antimutagénicas e
anticarcinogénicas do organismo (LIMA et al., 2020).

A améndoa é usada na producao de outros produtos, como o éleo ou ingredientes
para adicionar em barras de cereal e biscoitos (MORAIS DE BRITO et al., 2019) sendo
amplamente utilizada nos setores culinario e cosmeético, na fabricacdo de shampoos,
condicionadores e sabonetes (BERENGUEL et al., 2018). O residuo marrom obtido pela
extracao da semente oleaginosa é chamado de “bolo” e tem um interesse crescente entre

0s pesquisadores devido ao seu alto teor de proteina (KLUCZKOVSKI et al., 2015).

2.3.1 Oleo da Castanha do Para

As técnicas de extracao do 6leo sdo baseadas na recuperacédo da porcdo lipidicada
semente, promovendo assim um aumento do seu rendimento, reducdo de custos e
melhorando a produtividade da matéria-prima, produtos e subprodutos (CORREA et al.,
2012). Ja o refino do 6leo tem como objetivo remover os compostos indesejaveis
presentes, como os fosfolipidios e os &cidos graxos livres ( SULIHATIMARSYILA et
al., 2020). e tornando o 6leo seguro para o consumo humano (HEW et al., 2021). A
presenca destes fosfolipidios pode causar descoloracdo e servir como principal precursor
de sabor estranho no 6leo.

O oleo extraido da castanha do Pard, tem caracteristicade cor amarelada clara e
com o cheiro agradavel (CHUNHIENG et al., 2008), possui um alto valor nutricional e
funcional em termos de perfil de acidos graxos insaturados, com predominancia de acidos
graxos poliinsaturados (AGPI), que representam em média 75% do total de &cidos graxos
(SANTOS et al., 2013). A composic¢do dos principais acidos graxos do 6leo é variada
(Quadro 1), podendo ser teoricamente justificada pelo método de extracdo que foi
utilizado (NETO et al., 2018).


https://www-sciencedirect.ez15.periodicos.capes.gov.br/science/article/pii/S002364381930725X#bib16
https://www-sciencedirect.ez15.periodicos.capes.gov.br/science/article/pii/S2666016420300335#!
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Quadro 1 — Comparativo da composicao de acidos graxos do dleo da castanha do para

Aradjoetal., Corréaetal., Santosetal., Netoetal,

2005 2013 2013 2018

Acido miristico 0,05 0,06 0,56 -

Acido laurico - 0,02 0,76 -
Acido palmitico 16,18 14,24 14,04 14,70
Acido estearico 9,85 11,19 10,63 12,55
Acido oleico 38,44 36,26 34,55 31,88
Acido linoleico 35,48 37,53 40,14 39,96

Acido
- 0,08 0,08 0,07
linolénico

Com base nos resultados obtidos em relacdo ao perfil de &cidos graxos
insaturados, pode-se observar a predominancia do acido oleico (dmega-9) e linoléico
(bmega-6), mas também ha a presenca o acido linolénico (mega-3) (SANTOS et al.,
2013; NETO et al., 2018). Outros acidos encontrados foram os acidos graxos saturados
palmitico e estearico (ARAUJO et al., 2005; CORREA et al., 2013; SANTOS et al.,
2013).

Diante do que foi exposto, estudos ja demonstram varios mecanismos que podem
explicar a associacao entre alimentos fontes de &cidos graxos essenciais e o transtorno de
ansiedade: 6leo de peixe (FERRAZ et al., 2011), azeite de oliva (CHEEMA et al., 2018),
0leo de coco (AUGUSTE et al., 2018). E foi visto que, o 6leo da castanha do Para é um
alimento que possui alto valor nutricional e funcional em termos de perfil de acidos
graxos insaturados. Porém, ainda ndo ha estudos que avaliem o consumo materno do dleo
da castanhado Para durante a gestacdo e a lactacdo sobre o comportamento de ansiedade

e peroxidacdo lipidica cerebral da prole.
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3 ABORDAGEM METODOLOGIA

3.1 LOCAL DE EXECUCAO

Os experimentos foram conduzidos no Laboratério de Analises e Pesquisa de
Bebidas Alcoodlicas — LBA — CT/UFPB, no Laboratério de Bromatologia (LABROM) -
CES/UFCG, no Laboratorio de Bromatologia— CCS/UFPB e no Laboratério de Nutricdo
Experimental (LANEX) — CES/UFCG.

3.2 AMOSTRA

A castanha do Paréa foi obtida de um mercado popular da cidade de Jodo Pessoa —
Paraiba (PB), em um Unico lote, no periodo de novembro de 2019. As mesmas foram
acondicionadas em um plastico escuro para a protecdo contra luminosidade até o

momento de sua utilizagéo.

3.3 EXTRACAO DO OLEO BRUTO DE CASTANHA DO PARA

A obtencdo do dleo bruto da Castanha do Pard foi realizada em condigdes de
iluminacdo controlada através da técnica de extracdo a frio com auxilio de uma prensa
manual com capacidade de 680 kg — Prensa Hidraulica SL 10 (marca SOLAB, Piracicaba
— S&o Paulo, Brasil). Apos o processo de extracdo, o 6leo foi armazenado em vidro ambar

em temperatura de refrigeracdo a — 18 °C.

3.4 REFINO DO OLEO BRUTO DE CASTANHA DO PARA

Na figura 3 é representado o fluxograma do processamento do refino do éleo
bruto da castanha do Para. Inicialmente o dleo bruto foi submetido ao processo de
degomagem, de acordo com a metodologia de Moretto e Fett (1989), mediante o
acrescimo de 3,0% de agua em relagdo ao volume do 6leo, com posterior aguecimento a

60 °C e agitacdo durante 30 minutos.
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Figura 3 — Fluxograma do refino do 6leo da castanha do Para
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Posteriormente, o dleo foi neutralizado, segundo a metodologia proposta por
Aquino et al. (2016), sob temperatura de 50 °C por 30 minutos, sendo adicionado 5,0%
da solucéo de hidréxido de sédio a 12 % em relagdo ao volume do 6leo. Em seguida, o
oleo foi centrifugado (Centrifuga de Bancada Digital — NT 810, marca Novatecnica,
Piracicaba — Sdo Paulo, Brasil) a 3.500 forca G, para a retirada de impurezas solidas
presentes na amostra. Logo apos, o 6leo foi transferido para um funil de separacdo onde
foi realizada a etapa de sucessivas lavagens. As mesmas foram realizadas com intervalos
de 30 minutos cada, adicionando-se ao 6leo neutralizado agua a temperatura ambiente e
agua em temperatura de 90 — 95 °C de formaalternadae sempre 0 submetendo a agitacéo
manual no préprio funil de separacéo e retirada de gas. Em cada etapa de lavagem, ap6s
a separacdo das fases, a agua foi descartada e a ela adicionada os indicadores fenolftaleina
e, posteriormente, nas ultimas lavagens, o verde de bromotimol, com objetivo de detectar
algum resquicio de hidroxido de sodio usado na neutralizacdo. As lavagens continuaram
até que os indicadores ndo mais detectassem alcalinidade na agua.

O oleo foi seco em evaporador rotativo a temperatura de 60 °C, sob pressdo de
vacuo por 20 minutos e agitacdo branda. Logo ap06s, as amostras foram armazenadas em
fracos ambar com capacidade de 1 litro, devidamente codificados e mantidos sob

refrigeracdo a -18 °C.
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3.5 ANALISES DE COMPOSTOS BIOATIVOS DOS OLEOS BRUTO E REFINADO
DA CASTANHA DO PARA

Todas as andlises foram realizadas em triplicatae consistiram nas determinagoes

de atividades antioxidantes (FRAP e ABTS), fendlicos totais e flavonoides.

3.3.1 Atividade Antioxidante in vitro — Método de Reducéo de Ferro (FRAP)

Para determinacdo da atividade antioxidante foi utilizada a metodologia descrita
por Benzie e Strain (1996), adaptada por Rockenbach et al. (2011). Para a anélise, 200
uL de cada dleo foi adicionado a 1800 pL do reagente FRAP em um tubo de ensaio e
levados ao banho mariaa 37 °C por 30 minutos. Para cada 6leo foi realizado um branco,
sem adicdo do extrato. Apos, as absorbancias foram medidas em espectrofotémetro (BEL
Photonics, Piracicaba, Sdo Paulo, Brasil) a 593 nm. Para determinar a atividade
antioxidante (FRAP) foi utilizada a curva de calibragéo com Trolox e os resultados foram

expressos em umol de trolox/g de amostra.

3.3.2 Atividade Antioxidante in vitro — Método Inibi¢do do Radical 2,2"-azinobis
(ABTYS)

O método ABTS foi realizado de acordo com a metodologia de Sariburun et al.
(2010), com algumas modificac6es. Inicialmente, formou-se o radical ABTS. Uma vez
formado o radical, o mesmo foi diluido em 4gua destilada até obter o valor de absorbancia
de 0,800 (+0,020) a 734 nm. Em ambiente escuro foi transferido para um tubo de ensaio
uma aliquota de 100 pL dos extratos e adicionado 500 pL do radical ABTS. Apos, 0s
tubos de ensaio foram mantidos na auséncia de luz por 6 minutos. Em seguida, foi
realizadaa leituraa 734 nm em espectrofotdmetro (BEL Photonics, Piracicaba, Sdo Paulo,
Brasil). Também foi feita uma solugdo “controle” que consistiuem uma aliquota de 100
uL do solvente extrator adicionada de 500 pL do radical ABTS. A solugdo “branca” foi
0 solvente extrator de cada extrato, utilizada para zerar o espectrofotémetro. Como
referéncia, foi utilizado o Trolox e os resultados expressos em UM trolox/g de amostra.
Foi calculado também o ICso através da equacdo da reta plotada através dos resultados
contendo os valores de concentracdo (mg/mL) utilizadas no eixo X e 0s percentuais de

protecdo encontrados no eixo Y.
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3.3.3 Compostos Fendlicos Totais

Para determinar o teor de compostos fenolicos totais das amostras (0leo bruto e
refinado) foi utilizada a metodologia descrita por Liu et al. (2002) com algumas
modificagOes. Para tanto, 250 pL de cada amostra foi misturado em um tubo de ensaio
com 1250 pL do reagente Folin-Ciocalteau a 10%, as soluc¢des foram agitadas em vortex
e armazenadas em temperaturaambiente (23 °C) na auséncia da luz por 6 minutos. Apos,
foram adicionados 1000 pL da solugdo de carbonato de sédioa 7,5%. A misturafoi levada
ao Banho Maria Termostatico SL 150, marca SOLAB, Piracicaba— S&o Paulo, Brasil, a
uma temperatura de 50°C, durante 5 minutos. Apos, a absorbancia foi medida a 765 nm
utilizando espectrofotémetro (BEL Photonics, Piracicaba, Sdo Paulo, Brasil). Também
foi realizado um branco com a auséncia dos extratos para zerar o espectrofotdmetro. O
contetido de compostos fenolicos totais das amostras foi determinado utilizando uma
curva padrdo preparada com acido galico. Os resultados foram expressos em mg
equivalentes de &cido galico (EAG) por cem gramas de amostra (mg EAG/100 g).

3.3.4 Flavonoides Totais

O teor de flavonoides totais foi determinado de acordo com o método proposto
por Zhishen; Mengcheng; Jianming (1999). Uma aliquota de 0,5 mL de cada 6leo foi
adicionada a 2 mL de agua destilada em um tubo de ensaio. Em seguida, foi adicionado
150 pL de nitrito de sédio a 5%. Apds 5 minutos, 150 pL de cloreto de aluminio a 10%
foram adicionados e, apds 6 minutos, 1 mL de hidroxido de sddio a 1 M, seguido pela
adicdo de 1,2 mL de agua destilada. A absorbancia da amostra foi medida a 510 nm
usando um espectrofotdmetro (BEL Photonics, Piracicaba, Sdo Paulo, Brasil) contra um
branco na auséncia dos extratos. O teor de flavonoides totais foi determinado usando uma
curva padrdo de equivalentes de catequina. Os resultados foram expressos em mg

equivalentes de catequina por cem gramas de amostra (mg EC/100 g).
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3.6 ENSAIO BIOLOGICO

3.6.1 Animais e Dieta

Foram utilizadas fémeas da linhagem Wistar provenientes do Biotério de criagdo
da Universidade Federal de Pernambuco (UFPE) com idade entre 90 e 120 dias e peso de
250 £ 50 g para a obtencdo dos filhotes. As ratas foram acasaladas e mantidas na
proporcdo de uma fémea para cada macho. Apds confirmacdo da prenhez, através de
esfregaco vaginal, as ratas gestantes foram alojadas em gaiolas-maternidade individuais
de polipropileno, em condic¢des-padréo: temperaturade 22 + 1°C, com ciclo claro-escuro
(12 h; inicio da fase claraas 6:00 h), umidade de 65%, recebendo racdo e dgua ad libitum.
Apos a confirmacdo da prenhez as fémeas receberam dieta comercial Nuvilab®, (marca
Quimtia, Rio de Janeiro, Brasil) e o0 6leo de Castanha do Parad por gavagem, que foi
ofertado durante a gestacdo e durante toda lactacdo. Foram formados 3 grupos: Grupo
Controle (CG) que recebeu agua destilada; Grupo Oleo Bruto (CO) e Grupo Oleo
Refinado (RO), que foram tratados com 3000 mg de 6leo da castanhado Para/kg de peso
do animal.

A dosagem foi definida a partir do estudo realizado por Torres et al. (2016), que
utilizaram a suplementacdo de 3000 mg de dleo de pequi/kg de peso do animal com
efeitos antiinflamatorios e antioxidantes.

Ap0s o desmante, a prole recebeu dieta comercial Nuvilab® durante o tempo do
experimento. As ninhadas foram padronizadas em 8 filhotes, onde 4 foram fémeas e 4
machos, preferencialmente, ou que tivesse pelo menos 1 filhote macho/fémea. Para cada
grupo, foram utilizados: Controle — CG-M e CG-F (13 machos e 11 fémeas), Oleo Bruto
— OB-M e OB-F (12 machos e 12 fémeas) e Oleo Refinado — OR-M e OR-F (14 machos
e 15 fémeas). O desmame foi realizado aos 21 dias pds-natal. O delineamento do
experimento esta detalhado na figura 4.

A pesquisa foi conduzida de acordo com as Diretrizes para o Cuidado e Uso de
Animais Experimentais e foi submetida e aprovada pela Comissio de Etica no Uso de
Animais - CEUA do Centro de Saude e Tecnologia Rural - CSTR/UFCG (09/2020).
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Figura 4 — Fluxograma Experimental
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Protocolo experimental. CG - Controle; OB - Oleo Bruto; OR - Oleo Refinado. * Dividido em machose
fémeas. CA - Campo Aberto; LCE - Labirintoem Cruz Elevado; CCE - Caixa Claro-Escuro. Eutanasia -
Dia de coleta do cérebro para analise de malondialdeido.

3.6.2 Peso corporal e consumo alimentar materno

O peso corporal e o consumo de racdo das ratas gestantes e lactantes foram
aferidos, semanalmente, em balanca eletronicadigital Balmak® (modelo ELP — 10, Santa

Barbara do Oeste/SP, Brasil), com variacdo de 20 a 10.000 g.

3.6.3 Testes comportamentais na prole

3.6.3.1 Utilizacdo do aparato Labirinto em Cruz Elevado (LCE)

O LCE é comumente usado como modelo ndo condicionado de ansiedade em
roedores (FLINT, 2003; BRADLEY et al., 2007). O LCE constitui um aparato formado
por dois bracos fechados medindo 50 cm x 10 cm cada e dois bracos abertos medindo 50
cm x 10 cm cada, perpendiculares aos primeiros; uma area central de 10 cm x 10 cm,
sendo este elevado 50 cm do solo. O animal foi colocado no centro do aparelho, sempre
pelo mesmo pesquisador, com o focinho voltado para o brago fechado direito. Durante 5
minutos, foi analisada a frequéncia de entradas nos bragos fechados e abertos, o tempo
gasto em cada bracgo e no centro do aparelho. Além disso, também foi contabilizada a

quantidade de mergulhos da cabeca do animal pelos bracos abertos.
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3.6.3.2 Utilizacdo do aparato Campo Aberto (CA)

O campo aberto € um instrumento para testar comportamento de ansiedade e
atividade exploratdria, a fim de verificar os efeitos de ambientes ndo familiares sobre a
emocionalidade em ratos (PRUT; BELZUNG, 2003). O aparelho consiste em caixa
quadrada preta uniformemente iluminado, medindo 60 x 60 x 60 cm, sendo subdivididas
em 9 quadrantes medindo 20x20 cm. O teste foi realizado com as proles no periodo da
adolescéncia (35 dias de nascido). Cada animal foi inserido no centro do aparelho e
observado durante 10 minutos. Foram avaliados os seguintes pardmetros como:
ambulacdo (numero de cruzamentos dos segmentos pelo animal com as quatro patas),
numero de comportamentos de levantar (rearing), tempo de comportamentos de
autolimpeza (grooming) e defecacdo (registrada por meio do numero de bolos fecais)
(NAVA-MESA; LAMPREA; MUNERA, 2013).

3.6.3.3 Utilizacdo da Caixa Claro-Escuro (CCE)

A caixa de transicdo claro-escuro é utilizada para avaliar o comportamento de
ansiedade incondicionada e comportamento exploratério em roedores (BOURIN;
HASCOET, 2003). O aparelho ¢ feito de madeira e revestido com material impermeével
com dimensdes totais de (45 X 27 X 27cm) e é dividido em dois compartimentos, sendo
um escuro (18 X 27cm) e outro claro (27 X 27cm). Na particdo entre os dois
compartimentos existe umaabertura central que mede 7,5 cm x 7,5 cm. Os animais foram
colocados no centro do compartimento claro, com o focinho voltado para o
compartimento escuro, sendo mantidos no parelho por 5 min para livre exploragdo. Os
comportamentos avaliados foram o tempo de permanéncia do animal em cada um dos
compartimentos.

Ao final de cada sessdo do comportamento, os aparelhos foram higienizados com
uma solucgdo de &lcool & 10% em todas as sessdes foram filmadas e posteriormente

analisadas.

3.6.4 Eutanasia e coleta do cérebro

Apos a fase dos testes comportamentais, os animais foram decapitados para a

retirada do cérebro. Para analise do conteido de malonaldeido (MDA) cerebral da prole,
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0 orgdo foi dividido manualmente em umatira, com utilizacdo de uma laminade bisturi.
Foi utilizado o hemisfério direito do cérebro em um corte longitudinal no sentido antero-
posterior. Apos este procedimento, o tecido foi pesado e colocado em uma superficie com

gelo e em seguida, mantido em - 18 °C até o momento da analise.

3.6.5 Determinacéo de peroxidacao lipidica cerebral — Malondialdeido (MDA)

Para se iniciar a determinagdo do MDA, a amostra do tecido cerebral foi
descongelada e posteriormente pesada. Mediante o peso foi calculada a quantidade de
tampéo Tris HCI para amostra, utilizando-se a propor¢do de 1:5 (p/v). Em seguida, o
tecido foi picado com uma tesoura por aproximadamente 15 segundos em meio resfriado.
O material fragmentado foi triturado e homogeneizado a frio, sob acdo de um triturador
(Ultra Stirrer modelo: Ultra 80), e a ele adicionado o tampao Tris HCI. O homogenato
obtido foi centrifugado em uma Centrifuga de Bancada refrigerada — SL 701, marca
SOLAB, Piracicaba-Sao Paulo, Brasil, a 2500 xg por 10 minutos a 4 °C e 300 pL, o
sobrenadante foi transferido para um eppendorf de 2 ml, sendo adicionados 750 uL do
reativo cromogénico e 225 uL de acido cloridrico (HCI — 37%). Em seguida, o material
foi colocado em Banho Maria Termostatico SL 150, marca SOLAB, Piracicaba — Sdo
Paulo, Brasil com agitacdo a 45° C, durante 40 minutos, e posteriormente levado a uma
centrifugacgédo a 2500 xg durante 5 minutos a4 °C. 300 pL do sobrenadante foi transferido
para microplacade 96 pogos, em duplicata, e levado para leitor de microplacas (Polaris)
a um comprimento de onda de 586 nm. O contetdo de MDA foi calculado através de
interpolacdo em curva padrdo com o 1,1,3,3 — tetraetoxipropano, 0 qual é hidrolisado
durante o passo de incubagdo com HCl a 45 °C, gerando o MDA. Os resultados expressos
em mol/g tecido (ESTERBAUER; CHEESEMAN, 1990).

3.7 ANALISE ESTATISTICA

Os resultados foram expressos com média + SEM. O teste de normalidade
Shapiro-Wilk foi aplicado e analisado por ANOVA de duas vias: (CT / OB / OR) X
(macho e fémea) seguido de um teste de multiplas faixas de Tukey, quando apropriado, e
0 teste two-way; considerando p < 0.05 estatisticamente significativo.
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4 RESULTADOS

Os resultados estdo apresentados como artigo cientifico e foi submetido de acordo

com as normas da revista.
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Brazil nut oil (Bertholletia excelsa) induces anxiolytic-like behavior and reduces

cerebral lipid peroxidation in the offspring of rats treated early in life

ABSTRACT

The objective of this study was to investigate the impact during pregnancy and lactation
of maternal consumption of crude (raw) and refined Brazil nut oil on anxiety behavior
and cerebral lipid peroxidation in the offspring of rats. The pups were divided into six
groups with male puppies (M) with female puppies (F): controls (CG-M and CG-F) —
were treated with distilled water; crude (raw) oil treatments (CO-M and CO-F), and
refined oil treatments (RO-M and RO-F) - treated with 3000 mg/kg of animal weight. The
mothers were treated from the 7th day of pregnancy and throughout lactation. Anxiety
behavior was observed in the offspring during adolescence using: Elevated Plus Maze
(EPM), Open Field (OF), and Light-Dark Box (LDB). Malondialdehyde (MDA) levels
were measured in the pups' tissues, and the data were analyzed using way, Anova
followed by Tukey’s test (p <0.05). The RO-M/RO-F groups presented a greater number
of entries into the open arms and Elevated Maze; both CO-F and RO-F spent more time
in the open arms. CO-M/CO-F moved more and performed less grooming in the OF;
while the CO-M/COF and RO-M/RO-F remained longer in the Light-Dark Box lighted
compartment but with a greater number of transitions. Greater effect on female offspring.
There were lower concentrations of cerebral MDA in the CO-M/CO-F and RO-M/RO-F
groups. Maternal ingestion of Brazil nut oil induced decreases in both anxiety and brain
lipid peroxidation parameters of the male and female offspring.

Keywords: Fatty acid, Neurodevelopment; Almond.

1 INTRODUCTION

During the fetal period and the first years of postnatal life, the brain grows rapidly and is
particularly sensitive to external factors such as: nutrition, social stimulation, and stress
(FAN et al.; 2016). This period is known to be critical for brain development
(MORGANE et al., 1993). Maternal fatty acid supply is considered fundamental for
structural lipid membrane synthesis and normal growth, as well as for cellular function
and development of differing systems and organs of the fetus (MENNITTI et al.; 2018).
For optimal fetal and infant growth, consumption of adequate amounts of essential fatty

acids is necessary during pregnancy and lactation (OAKS et al., 2017).
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Lipids are easily transferred to offspring through the placenta and breast milk.
However, essential fatty acids (linoleic and linolenic) cannot be produced by the body
and must be supplied in the maternal diet (HANEBUTT, et al., 2008; HERRERA and
ORTEGA 2010). Adequate maternal consumption of these fatty acids determines the
quantity and quality of fatty acids that will be accumulated in the offspring's brain tissue
(QUEIROZ et al., 2019).

Approximately 60% of the brain's dry weight comes from lipids and
approximately 30% of these lipids are polyunsaturated fatty acids (PUFAS), which may
explain these nutrients’ ability to act in both the development, and in prevention and
treatment of psychiatric or neurodegenerative diseases (TERRA et al., 2011; TAHA et
al., 2013). Maternal PUFA consumption is recognized for promoting brain plasticity and
adequate cognitive function in offspring (WILSON et al.; 2019).

Deprivation of these essential fatty acids may increase the expression of anxiety-
like behaviors due to dysfunctions in the brain's monoaminergic transmitting systems
involving stress-mediating neuropeptides, or due to neurotropic factors and deregulation
of hippocampal neurogenesis (MULLER et al., 2015). In addition, for consuming great
amounts of oxygen, the brain is vulnerable to oxidative stress (VAN VELZEN et al.,
2017).

Oxidative damage affects cell structures, neurotransmission, and transduction
signaling pathways (QUADROS et al.,, 2019), induces cell death, and increases
susceptibility to neurodegenerative diseases, depression and anxiety (BARBOSA et al.,
2018). This is due to the formation of pro-inflammatory molecules, such as
malondialdehyde and 4-hydroxynonenal (BAKUNINA et al., 2015). Cellular antioxidant
defenses modulate reactive oxygen species levels to maintain redox status (QUADROS
et al., 2019); consumption of essential fatty acids does this as well (QUEIROZ et al.,
2019).

Study has demonstrated that consumption of goat's milk fat in adult rats induces a
reduction in oxidative stress in brain tissue, and is associated with a reduction in anxiety -
like behavior (Barbosa et al., 2018). Research has also shown that conjugated linoleic
acid supplementation in rats during pregnancy and lactation induces both an anxiolytic
effect and decreased oxidative stress in the offspring's brain tissue (QUEIROZ et al.,
2019).

The Brazil nut (Bertholletia excelsa), native to the Amazon region (MORAIS DE

BRITO et al, 2019) is a source of essential fatty acids and consumed worldwide due to
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its high energy content, and since it is a good source of nutrients (SILVA, 2014; JUNIOR
et al., 2017). The Brazil nut is widely used in culinary and cosmetics (BERENGUEL, et
al., 2018), as well as in production of oils, cereal bars, and cookies (MORAIS DE BRITO
et al, 2019). Brazil nut (or Castanha de Pard) oil is a source of unsaturated fatty acids
with a predominance in PUFAs, ~ 75%, and presents antioxidant properties which are
responsible for modulation of both the immune system and inflammatory processes
(SANTOS et al., 2013; NETO et al., 2018). In view of the above, our research aimed to
investigate the impact of maternal consumption of raw and refined Brazil nut oil during
pregnancy and lactation on both anxiety behaviors and brain and liver lipid peroxidation

in rat offspring.

2 MATERIALS AND METHODS

2.1 Brazil nut oil extraction and refining

Brazil nuts (Bertholletia excelsa) were purchased in a public market in the city of Jodo
Pessoa - Paraiba. To obtain the raw oil, cold extraction technique was used with the aid
of a manual press with a capacity of 680 kg. For refining, the raw oil was subjected to
successive stages of degumming, neutralization, washing, and drying (MORETTO and
FETT, 1989; MORAIS et al., 2001).

The degumming of the raw Brazil nut oil was carried out by adding water (3mL
per 100mL) with subsequent heating to 60°C under stirring for 30 minutes. The
degummed oil was neutralized with aqueous sodium hydroxide solution (5g per 100mL)
at a temperature of 50°C and stirring for 30 minutes. After neutralization, the mixture was
centrifuged at 5000 rpm for 15 minutes, and five successive washes were performed.
Finally, the oil was dried on a rotary evaporator at 60°C with vacuum pressure for 20

minutes with moderate stirring, then cooled and stored in amber glass at 10°C.

2.2 Antioxidant content analyses of the raw and refined Brazil nut oils

The antioxidant capacities of the oils, both raw and refined, were analyzed using the
ABTS and FRAP methods. They were also analyzed for total phenolic and flavonoid
components (Table 1).

Table 1 - Antioxidant values for raw and refined Brazil nut oil
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Values expressed as Standard Deviation (£ SD) ANOVA. Different letters between columns signify
differences between oils (p <0.05). Total flavonoids and phenolics expressed in mg/100g of oil; ABTS and
FRAP expressed in pmol trolox TEAC/g oil.

2.3 In vitro antioxidant activity - FRAP method

To determine the antioxidant activity, the methodology described by Benzie and Strain
(1996), as adapted by Rockenbach et al. (2011) was used. For analysis, 200 pL of each
oil was added to 1800 pL of the FRAP reagent in a test tube and taken to a water bath at
37°C for 30 minutes. A blank was also made for each oil, without the extract added. The
absorbances were measured in a spectrophotometer (BEL Photonics, Piracicaba, Séo
Paulo, Brazil) at 593 nm. To determine the antioxidant activity (FRAP), the Trolox

calibration curve was used and the results were expressed in umol of trolox/g of sample.

2.4 In vitro antioxidant activity - ABTS method
The ABTS method was performed according to the Sariburun et al. (2010) methodology

Total flavonoids Total phenolics ABTS FRAP
Raw oil 1.18 +0.012 1.78 + 0.01? 0.12 £ 0.00* 0.85+0.00?
Refined oil 1.17 £ 0.012 0.10 + 0.00° 0.10£0.01° 0.57 £0.01°

with some modifications. Initially, the ABTS radical was formed. Once the radical was
formed, it was diluted in distilled water to obtain an absorbance value of 0.800 (+ 0.020)
at 734 nm. Four different dilutions were prepared from each oil in triplicates. In a dark
environment, an aliquot of 100 pL of each extract was transferred to a test tube and 500
uL of the ABTS radical was added. Afterwards, the test tubes were kept in the absence
of light for 6 minutes. Reading was then performed at 734 nm in a spectrophotometer
(BEL Photonics, Piracicaba, Sdo Paulo, Brazil). A control solution was also made, which
consisted of an aliquot of 100 uL of the extracting solvent plus 500 pL of the ABTS
radical. The blank solution was the extracting solvent for each extract, and used to reset
the spectrophotometer. Trolox was used as a reference and the results expressed in pM
trolox/g of sample. The ICso was also calculated using the equation of the plotted line
through the results containing the concentration values (mg/mL), used on the X axis, and
the percentages of protection found on the Y axis.

2.5 Total Phenolic Compounds
To determine the total phenolic compounds content in the raw and refined oil samples,
the methodology described by Liuetal. (2002) was used with certain modifications. Thus,
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250 pL of each sample was mixed in a test tube with 1250 pL of 10% Folin-Ciocalteau
reagent, the solutions were vortexed, and then stored at room temperature (23°C) in the
absence of light for 6 minutes. Afterwards, 1000 pL of 7.5% sodium carbonate solution
was added. The mixture was taken to a water bath at a temperature of 50°C, for 5 minutes.
Absorbance was then measured at 765 nm using a spectrophotometer (BEL Photonics,
Piracicaba, Sdo Paulo, Brazil). A blank was also performed in (absence of extracts) to
reset the spectrophotometer. The total phenolic compounds content in the samples was
determined using a standard curve prepared with gallicacid. The results were expressed
in gallic acid equivalents (GAE) per hundred grams of sample (mg GAE/100 g).

2.6 Total Flavonoids

The total flavonoids content was determined according to the method proposed by
Zhishen et al. (1999). A 0.5 ml aliquot of each oil was added to 2 ml of distilled water in
a test tube. Then, 150 pL of 5% sodium nitrite was added. After 5 minutes, 150 pL of
10% aluminum chloride was added, and after 6 minutes 1 ml of 1 M sodium hydroxide
was added, followed by 1.2 ml of distilled water. Absorbance was then measured at 510
nm using a spectrophotometer (BEL Photonics, Piracicaba, Sdo Paulo, Brazil) against a
blank in the absence of extracts. The total flavonoids content was determined using a
standard catechin equivalents (EC) curve. The results are expressed in catechin
equivalents (CE) per hundred grams of sample (mg EC/100 g).

2.7 Animals and diet

Female Wistar rats from the breeding facility of the Federal University of Pernambuco
(UFPE), aged between 90 and 120 days and weighing 250 £ 50 g were used to obtain the
offspring. The rats were mated and kept in the ratio of one female to each male. After
confirmation of pregnancy, through vaginal smear, the pregnant rats were housed in
individual polypropylene maternity cages, in standard conditions: temperature of 22 +
1°C, with a 12 h light-dark cycle (start of the light phase at 6: 00 h), humidity of + 65%,
and received feed and water ad libitum. The females received a commercial diet of
Nuvilab® brand and Brazil nut oil by gavage, offered during pregnancy and throughout
lactation. Three groups were formed: the Control Group (CG) that received distilled
water; the Crude (raw) Oil Group (CO), and the Refined Oil Group (RO), which were
both treated with 3000 mg of Brazil nut oil/kg of animal weight.



48

This dosage was defined based on a study carried out by Torresetal. (2016), using
3000 mg of pequi oil/kg of animal weight as supplementation, yielding both anti-
inflammatory and antioxidant effects.

After weaning (21 days postnatal), the offspring received a commercial Nuvilab®
diet throughout the experiment. The litters were standardized at 8 pups, where preferably
4 were females and 4 males; no litter was kept without the presence of males and femal es.
For each group, we used: Control - CG-M and CG-F (13 males and 11 females), Crude
Oil - CO-M and CO-F (12 males and 12 females), and Refined Oil - RO-M and RO -F
(14 males and 15 females) (Figure 1).

Figure 1 - Experimental protocol
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CG - Control; CO— Crude Oil; RO — Refined Oil. *Divided in males and females. FO — Open field; EPM
— Elevated plus maze; LDB — Light-dark box. Euthanasia — Brain collection day for analysis of
malonaldehyde.

The research was conducted in accordance with the Guidelines for the Care and
Use of Experimental Animals, and was submitted to and approved by the Ethics
Committee on the Use of Animals - CEUA of the Rural Health and Technology Center -
CSTR/UFCG, protocol number 09/2020.

2.8 Body weight and maternal food consumption

The body weights and feed consumption of the pregnant and lactating rats were measured
weekly on a Balmak® digital electronic scale (model ELP - 10, Santa Barbara do
Oeste/SP, Brazil), with a range of 20 to 10,000 g.

2.9 Behavioral tests

2.9.1 The Elevated Plus Maze (EPM) apparatus

The EPM is commonly used as an unconditioned model for anxiety in rodents (FLINT,
2003; BRADLEY et al., 2007). The EPM is an apparatus formed by two closed arms
measuring 50 cm x 10 cm each and two open arms measuring 50 cm x 10 cm each,
perpendicular to the first ones; and a 10 cm x 10 cm central area raised 50 cm from the
ground. The animal was placed in the center of the device, always by the same researcher,
with its muzzle facing the right closed arm. For 5 minutes, the frequency of entries into
the closed and open arms, and the time spent in each arm and in the center of the device
was analyzed. In addition, the number of the animal's head dips into the open arms was
also counted.

2.9.2 The Open Field (OF) apparatus

The Open Field (OF) apparatus is an instrument to test anxiety behavior and exploratory
activity; verifying the effects of unfamiliar environments on emotionality in rats (PRUT
and BELZUNG, 2003). The apparatus used consisted of a uniformly lit black square box,
measuring 60 x 60 x 60 cm, subdivided into 9 quadrants measuring 20 x 20 cm. The test
was carried out with the offspring during adolescence (at 35 days from birth), where each
animal was inserted in the center of the device and observed for 10 minutes. The
following parameters were evaluated: ambulation (number of crossings of the segments

by the animal with all four legs), number of rearing behaviors, self-cleaning behaviors
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(grooming time), and defecation (recorded through the number of fecal boluses) (NAVA -
MESA et al., 2013).

2.9.3 The Light-Dark Box (LDB)
The light-dark transition box is used to assess unconditioned anxiety and exploratory
behavior in rodents (BOURIN and HASCOET, 2003). The device was made of wood and
covered with a waterproof material, presenting total dimensions of (45 X 27 X 27 cm)
divided into two compartments, one dark (18 X 27 cm), the other light (27 X 27 cm). In
the partition between the two compartmentsthere is a central opening measuring 7.5 cm
x 7.5 cm. The animals were placed in the center of the lighted compartment, with its
muzzle facing the dark compartment, being kept in the device for 5 min for free
exploration. The evaluated behavior was the time the animal stayed in each compartment.
At the end of each behavioral session, the devices were cleaned with a 10%

alcohol solution and all sessions were filmed and subsequently analyzed.

2.10 Determination of cerebral lipid peroxidation - Malondialdehyde (MDA)

The samples were suspended and homogenized in Tris-HCI 1: 5 (w/v) buffer and
homogenized for 15 seconds. The resulting suspension was homogenized for 2 minutes
at 2500g and 4°C for 10 minutes. The supernatants were used to determine the MDA
content and the results were expressed in nmol g (ESTERBAUER and CHEESEMAN,
1990).

2.11 Statistical analysis

All data were expressed as mean £ SEM. The Shapiro-Wilk normality test was applied
and analyzed by two-way ANOVA: (CT/CO/RO) x (male and female) followed by a
Tukey multiple-band test, when appropriate, and the two-way test; considering p <0.05

statistically significant.
3 RESULTS
3.1 Body weight and maternal food consumption

There was no statistical difference in body weights and maternal food consumption

between the groups during pregnancy or lactation (p> 0.05) (Table 2).
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Table 2 - Body weight and maternal food consumption during pregnancy and lactation

CG - Control; CO - Crude oil; RO - Refined oil. Values expressed as Standard Deviation (+ SD) ANOVA. Different letters
between lines signify differences between groups (p <0.05).

3.2 Behavioral Tests
3.2.1 Elevated Cross Maze
When analyzing the number of entries into the open arms and head dives, the RO-M and
RO-F presented higher numbers relative to the CG-M/CG-F results (p <0.05) (Figure 2A,
2B, 2E and 2F). The CO-F and RO-F groups spent more time inthe open arms compared
to the CG-F (p <0.05) (Figure 2D), whereas the RO-M group spent more time than the
CG-M and CO-M (p <0.05) (Figure 2C).

The only difference between genders in the parameter for time spent in the open

arms occurred in the CO group, where females remained longer in the open arms as

Gestation

Body weight Food consumption

CG CO RO CG CO RO

Start 211+12.7* 216+16% 216 £5.7°2 132 +3.11% 130+9.86% 128 +3.05°
Final 261 +30° 260 + 15° 262 +£18.2%  155+11.01% 146+5.65%  152+19.8?

Lactation

Body weight Food consumption

CG CO RO CG CO RO

Start 228+11.3% 2253+10% 224+28% 248 £494%  240+15.17% 243+7.72%
Final 246.6 £22% 250+5.6% 249.4+6.4% 342+1131%* 340+30.61% 343+27.192

compared to males in their respective group (p <0.05).

3.2.2 Open Field

There was greater locomotion in the CO-M/CO-F and RO-M/RO-F groups in relationto
their respective CG-M/CG-F control groups (Figures 3A and 3B) (p <0.05). The number
of rearings was higher in the RO-M/RO-F groups as compared to their respective control
groups, (p <0.05) (Figure 3C and 3D), with a greater number of rearings in the CO-
M/CO-F groups as compared to all other groups. The CO-M/CO-F and RO-M/RO-F
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groups performed less grooming than their respective control groups (Figures 3F and
3F) (p <0.05).
Regarding the differences between the genders in the same groups, the females

presented greater locomotion in the CO and RO groups (p <0.05).

3.2.3 Light-Dark Box

When time in the light, and the number of transitions were analyzed, the values were
higher for the CO-M/CO-F and RO-M/RO-F groups than the CG-M/CG-F groups
(Figure 4A, 4B, 4C and 4D) (p <0.05). RO group females spent more time in the lighted
area than did the males (p <0.05).

3.3 Determination of cerebral lipid peroxidation - Malondialdehyde (MDA)
Lower concentrations of cerebral malondialdehyde were determined in the CO-M/CO-F
and RO-M/RO-F groups as compared to their respective CG-M/CG-F control groups
(Figures 5A and 5B) (p <0.05).

For gender differences, as compared to the females, the males presented a lower

indicator of cerebral lipid peroxidation (p <0.05).
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Figure 2 — Elevated plus-maze test for offspring of rats supplemented with raw and

refined Brazil nut oil during pregnancy and lactation
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<0.05).
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Figure 3 — Open field test for offspring of rats supplemented with crude and refined Brazil

nut oil during pregnancy and lactation
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15). A-B = Locomotion; C-D = Rearing; E-F = Grooming. Values expressed as Standard Mean Error (=
SEM) ANOVA. Different letters between bars signify differences between groups (p <0.05). * Significant
difference between the male and female genders (p <0.05).
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Figure 4 - Light-dark box test for offspring of rats supplemented with crude and refined

Brazil nut oil during pregnancy and lactation
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ANOVA. Different letters between bars signify differences between groups (p <0.05). * Significant
difference between the male and female genders (p <0.05).
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Figure 5 - Concentration of malondialdehyde (MDA) in the offspring of rats

supplemented with crude and refined Brazil nut oils during pregnancy and lactation
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4 DISCUSSION

In the present study, maternal supplementation with raw and refined Brazil nut oil
during pregnancy and lactation induced anxiolytic effect in both the male and female
offspring. To obtain these data we used the Elevated Plus Maze (EPM), Open Field (OF),
and Light-Dark Box (LDB).

During the prenatal and postnatal periods, metabolic changes are crucial to
formation of fetal/offspring tissue and it is necessary to adjust for nutritional lipid
demands (PARK and EICHER-MILLER, 2014). During lactation, fatty acids are
transferred throughout pregnancy to the fetus via the placenta and breast milk. Essential
fatty acids are needed from the maternal diet and deficiencies affect the
neurodevelopment of the offspring (LAURITZEN and CARLSON 2011; INNIS et al.,
2014; DE MELO et al., 2017); causing changes such as anxiety, throughout the postnatal
phase (SOARES et al 2013).

Lipids stand out due to their direct relationship with brain genesis processes
(MADORE, 2014), and their composition directly influences subjective perception,
mood, and emotional behavior (MULLER et al., 2015). Polyunsaturated fatty acids are
vital to these processes (INNIS and ELIAS, 2003; RACHETTI, 2012).

Many biochemical mechanisms can explain the association between PUFA’s and

anxiety (YOUNG and CONQUER, 2005). EPA and DHA are integral components of the
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phospholipid bilayer in neuronal cell membranes, making them relevant to the physiology
and neurotransmission of membranes (GONZALES et al., 2015).

DHA is essential for normal neurological function and accumulatesrapidly during
brain development (GREEN et al., 2006; CHEN, 2013) being associated with neuronal
membrane stability, and transmission of serotonin and dopamine (CHALON, 2006). It
also possesses anti-inflammatory properties which help to relieve anxiety associated with
a hyperactive immune system (YOUNG and CONQUER, 2005), while modulating
neurological function through neurotransmission, neurogenesis and myelination
(THESING et al., 2018).

EPA is not concentrated in neural membranes, but it can affect their function
through neuro-immunological effects (SINCLAIR et al., 2007) antagonizing omega 6
PUFAs and arachidonic acid, and reducing the prostaglandin synthesis (JADOON et al.,
2012) and thus increasing cerebral blood flow (BUYDENS-BRANCHE et al., 2008).

Anxiety in animals can be assessed using various behavioral tests. The most often
used test is the Elevated Plus Maze (EPM), which generates a conflict between the
animal's desire for safety in the closed arms and the desire to explore new environments
in the open arms (PELLOW and FILE, 1985). In the present study, using the EPM, the
offspring of mothers who received a diet containing the Brazil nut oil presented a
reduction in anxiety in the parameters analyzed. The animals in the RO-M and RO-F
groups entered the open arms more often and performed more head dive entries. The CO-
F, RO-F and RO-M groups spent more time in the open arms. A similar result was
observed when animals were tested in an EPM after having been treated with goat's milk
fat with high levels of conjugated linoleic acid (CLA) during lactation (Soares et al.,
2013), (the male offspring stayed longer in the open arms). Another study observed that
male offspring treated with a CLA mix during pregnancy and lactation stayed longer in
the open arms and in the central area (Queiroz et al., 2019). Conjugated linoleicacid is a
polyunsaturated fatty acid, just like those found in the Brazil nut oil used in this research.

Anxiogenic behavior has been observed in male rats, at 8 and 16 weeks old, treated
with palmitic acid, when they spent less time in the open arms of the EPM (MOON et al.,
2014). A decrease in the number of open arm entries in the offspring of rats treated with
hydrogenated coconut oil during the perinatal period has also been observed (AUGUSTE
et al., 2018). Glendining et al. (2018) supplemented rats with a diet rich in lard during
pregnancy and lactation and observed anxiogenic behavior in the offspring, with a

significant sex related effect, with males spending less time in the open arms of the EPM
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than the females. Lard fats are a source of saturated fatty acids, while coconut oil is
deficient inessential fatty acids, and may compromise the offspring's brain function/ This
was demonstrated by Chen and Su (2013), when animals treated with a deficient omega-
3 diet during lactation, presented a decrease in hypothalamic DHA levels. DHA
deficiency induces deregulation of the hypothalamic-pituitary-adrenal axis, with a
consequent anxiogenic response in the offspring upon reaching adulthood. These findings
confirm that the supply of essential fatty acids during the early stage of life, such as those
present in the oil of the Brazil nut, are important to ensure good brain function in the
offspring and also induce anxiolytic behavior.

To assess anxiety parameters, we also used the Open Field (OF) in this research.
The OF consists of a square arena where the locomotor activity of the rodents can be
evaluated to verify the effects of unfamiliar environments onemotionality in rats (PRUT
and BELZUNG, 2003). In the present work, greater locomotionwas verifiedin the CO-
M/CO-F and RO-M/RO-F groups, and a greater number of rearings in both the OR-
M/OR-F groups as compared to their respective control groups (and in the CO-M/CO-F
groups when compared to all of the groups). The CO-M/CO-F and RO-M/RO-F groups
performed less grooming. An increase in rearing indicates greater exploratory activity a
consequence of anxiety reduction. Grooming reductions indicate anxiolytic-like behavior
(BROWM et al., 1999). Cheema et al., (2018) supplemented male rats with olive oil and
observed an anxiolytic effect, revealed through increased exploratory activity in the open
field. The opposite result was observed by Wright et al., (2011) who investigated the
effects of a cafeteriadiet during pregnancy and lactation and found anxiogenic behavior
only inthe male offspring, through adecrease in rearing behavior. Another study reported
anxiogenic behavior in the offspring of rats supplemented with a diet rich in lard and soy
oil. The offspring spent less time in the central area of the open field, (a more significant
effect in males than in females) (SASAKI et al., 2013). Winthers et al., (2018) observed
that male pups of rats which consumed lard during pregnancy and throughout lactation
ventured shorter distances in the OF as compared to the female pups.

Auguste et al., (2018) analyzed a deficient omega-3 diet, and a diet rich in
saturated fat (coconut oil) during the perinatal period. The animals were exposed to the
open field and it was observed that the consumption of both diets induced a smaller
number of entriesand time spent at the center of the OF, which characterizes anxiogenic
behavior. The cafeteria diet contains high caloric density, is a source of refined sugars

and fats though deficient in essential fatty acids. This deficiency was also found in the
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diets used by Auguste et al., (2018). Basak et al. (2020) reported that low omega-3
consumption induces a decrease in the neuropeptide-y-1 receptor and an increase in
glucocorticoid receptor levels in the cognitive frontal cortex affecting the immune and
metabolic processes, and thus causing stress and anxiety further on. This affirms the
importance of consuming foods rich in polyunsaturated fatty acids, sources of essential
fatty acids, such as the oil of the Brazil nut tested in this research and offered to rats during
pregnancy and lactation, with anxiolytic-like effects being observed in the offspring.

The present work also used the light-dark box (LDB). The animal's exposure to
the light-dark box, which is divided into two compartments, one light and one dark, and
aims to assess the animal's aversion to the lighted compartment; the less time the mouse
spends in the lighted area, the greater its anxiety. In the results of the present research, we
observed longer times spent in the lighted compartment and a high frequency of
compartment transitions in the groups CO-M/CO-F and RO-M/RO-F. Queiroz et al.,
(2019) supplemented rats with CLA during pregnancy and lactation and observed a
greater number of transitions in the male offspring, yet with no difference in the time
spent in the lighted compartment. A diet rich in saturated fat (lard) was administered to
rats during pregnancy and lactation, and resulted in less time spent in the LDB lighted
zone by the male offspring, but with no statistical difference noted for the female
offspring (Sasaki et al., 2014).

Wintler et al. (2019) evaluated the effect of a (so-called) diet rich in saturated fat
(lard) and refined carbohydrate (sucrose and maltodrextrin) during pregnancy and
lactation on the anxiety of female offspring, observing that these spent less time in the
lighted part of the light-dark box, indicating an anxiogenic effect. Sharma et al., (2012)
affirmsthata diet rich in saturated fat induces metabolic dysfunction, promotes cognitive
alterations, increases concentrations of IL-1 and IL-6 (cytokines associated with
inflammation), and those of TNF in the hypothalamus and amygdala as well (ALMEIDA.-
SUHETT et al., 2017; NORONHA et al., 2019), damaging healthy neural cells and
causing an accumulation of senescent glial cells in the frontal cortex. The diet ia also
associated with behavioral abnormalities such as anxiety and oxidative stress (Yang et
al., 2020).

Anxiety-related behavior assessed in rodents can also be affected by sex hormones
and depends on androgenic signaling (JONES and WATSON et al., 2005). Symptoms
increase from the onset of puberty (BOIVIN et al., 2017) and females are twice as likely
to experience this disorder than males (MICHENRY et al., 2014; DOMONKOS et al.,
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2018). This difference is suggested as due to the potential of sex hormones in the disease
etiology (MICHENRY et al., 214). Yet, it seems that this “difference” points in the
opposite direction (DOMONKOS et al., 2018). Brown et al. (2015) observed that male
rats spent less time in the lighted compartment of the Light-Dark Box than female rats.
Corroborating the data found in this research, where females present greater anxiolytic
behavior than males in the Elevated Plus Maze (EPM), Open Field (OF), and Light-Dark
Box (LDB) tests.

Estradiol and progesterone (female hormones) may be related to the decreased
anxiety-like behavior exhibited by femalesas compared to the males (FREYE et al., 2000;
BOIVIN et al., 2017), this, in several behavioral models, including labyrinth in elevated
crossand open field (GALEEVA and TUOHEMANA, 2001; FREYE and WALF, 2002).
Domonkos et al., 2018 and Scholl et al., (2019) reported that females spent more time in
the open arms of the labyrinth, associating this with both anxiolytic behavior and less
oxidative stress compared to males.

Oxidative stress (OS) is a condition caused pro-oxidant - antioxidant alterations
(NASUTION et al., 2020), which cause an imbalance in reactive oxygen species (ROS's)
production (KODAVANTI et al., 2021). Oxidative stress is the cause of many health
problems involving cardiovascular diseases, aging, inflammation, and cancer. It also
affects cell structures and transduction signaling pathways (SASHOO et al., 2020;
QUADROS et al., 2019), bringing imbalances to the physiological mechanisms that
regulate anxiety (BOUAYED and SOULIMANI, 2019; KHAN et al., 2019; GUNEY et
al., 2017).

Due to its high oxygen consumption, its rich content of unsaturated fatty acids,
and its weak antioxidant defenses, the brainis more susceptible to oxidative damage than
other organs (BATANDIER et al., 2020). This can result in altered neuronal function
(STEENKAMP etal., 2017). In neurodegenerative diseases involving increased oxidative
stress, neurons in the amygdala and cerebral hippocampus become more sensitive to
degeneration (VAN VELZEN et al., 2017). This plays an important role in the
development of anxiety (QUEIROZ et al., 2019).

In our study, we also analyzed malondialdehyde (MDA) concentrations, one of
the most used biomarkers to assess oxidative stress in tissues. At the cerebral and hepatic
level, the offspring rats whose mothers were fed with the crude and refined Brazil nut oil,
(rich in polyunsaturated fatty acids) presented MDA concentration decreases (groups CO-
M/CO-F and RO-M/RO-F). Queiroz et al., (2019) observed reductions in MDA and
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increases in cerebral glutathione in progenies of animals treated with CLA during
pregnancy and lactation, and research has also revealed that consumption of a high-fat
diet of goat's milk, a source of CLA, reduces levels of cerebral MDA in sedentary adult
rats (BARBOSA et al., 2018).

Studies have found that lard (a source rich in saturated fat) increases
concentrations of cerebral malondialdehyde, and decreases levels of neurotropic factor in
the hippocampus; which is responsible for regulating neural survival and synaptic
plasticity inthe peripheral and central nervous system (PARK et al., 2010; SAIYASIT et
al., 2020). Galaly et al., (2014) supplemented male rats with a diet rich in saturated fat,
using bovine tallow, and observed an increase in the concentration of cerebral MDA and
a decrease in glutathione, an important antioxidant responsible for cell defense Langley
et al., (2020) reported that a diet rich in saturated fat results in the loss of
oligodendrocytes, the neuroglia cells responsible for the formation and maintenance of
axon myelin sheaths in the central nervous system; neuroglia cells are particularly
sensitive and susceptible to oxidative stress. We know that consumption of essential fatty
acids modulates both the concentrations and actions of various neuropeptides which are
involved in physiological and homeostatic processes in the nervous system
(GONCALVES et al., 2005). This confirms, as verified in the present study, that a
maternal diet, rich in polyunsaturated fatty acids, being found in the oil of the Brazil nut,
induces a cerebral protective effect in the offspring, and may prevent or delay
neurological diseases, such as anxiety.

Verifying that the maternal diet can prevent or alter anxiety parameters as well as
lipid peroxidation in the offspring is very important, since such tissue changes may
become permanent in adulthood. In the present study, impacts on the analyzed anxiety
behavior were not altered by refining (or not) of the Brazil nut oil.

By gender, the females treated with the crude nut oil spent more time in the open
arms of the EPM than the same treated male group, and presented greater locomotion in
the open field (CO-F and RO-F) as well. In the light and dark box, females treated with
refined the Brazil nut oil spent more time in the lighted compartment, presenting more
intense anxiolytic behavior than the male offspring. Further, it was also observed that
consumption of essential fatty acids prevented or delayed both cerebral and hepatic lipid
peroxidation, decreasing malondialdehyde concentrations.
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Future research inhumans and a measurement of the of essential fatty acid profiles
inanimal brains and livers may better elucidate the effects found in our research involving

Brazil nut oil supplementation.

5. CONCLUSION

Our study showed that maternal supplementation with either crude or refined
Brazil nut oil during pregnancy and lactation promotes anxiolytic effects on the test
offspring, with a more significant effect on females. Our research thus confirms that
essential fatty acids promote beneficial effects on offspring, helping to prevent anxiety

disorder and reducing cerebral lipid peroxidation.
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para especificacbes cientificas.
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