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RESUMO

DESBALANCO SUPEROXIDO-PEROXIDO DE HIDROGENJO VERSUS
SELENO-L-METIONINA E CASTANHA-DO-BRASIL: REGULACAO DIFERENCIAL
IN VITRO DE (SELENO)ENZIMAS

AUTORA: Karen Lilian Schott
ORIENTADORA: Ivana Beatrice Manica da Cruz

As reacdes enzimaticas acopladas entre as enzimas superéxido dismutase dependente de manganés
(MnSOD/SOD2) e a selenoenzima glutationa peroxidase-1 (GPx-1) sdo essenciais para o equilibrio
redox mitocondrial em células aerébias. A SOD2 dismuta o superéxido (O,"), oriundo da respiracdo
celular, a perdxido de hidrogénio (H,0,) que é reduzido a dgua e oxigénio molecular pela GPx-1. O,~
e H,O, sdo espécies reativas de oxigénio (EROs), em baixas concentra¢des, sdo sinalizadores
enddgenos essenciais para a manutencdo da homeostasia do organismo. No entanto, no
polimorfismo de nucleotideo Unico (SNP) do gene codificador da SOD2 (Vall6Ala-SOD2), a enzima
SOD2 é 30-40% mais eficiente no gendtipo AA em relagdo ao VV selvagem, o que resulta em
desbalango superéxido (S)-perdxido de hidrogénio (PH) associado ao desenvolvimento de doengas
crdnicas ndo transmissiveis. O gendtipo o VV tem sido associado as doencas cardiometabdlicas e ao
cancer de mama metastéatico e o gendtipo AA tem sido relacionado ao aumento do risco de cancer de
mama, pristata e colorretal, sugerindo que o excesso de H,O, produzido suplanta a capacidade
antioxidante da GPx-1. Adicionalmente, estudo prévio mostrou que o risco de cancer de mama
diminuiu expressivamente em mulheres portadoras do gendtipo AA que relataram dieta rica em frutas
e vegetais. Contudo, o potencial efeito benéfico da castanha-do-brasil, rica em SeMet e fitoquimicos
antioxidantes, na regulacdo do metabolismo oxidativo ainda néo havia sido investigado. Para testar
esta hipo6tese, objetivamos realizar um trabalho de reviséo na literatura sobre a castanha-do-brasil e,
em paralelo, avaliar a influéncia do desbalanco S-PH, genético e induzido quimicamente, no efeito in
vitro da SeMet, purificada e a contida no extrato aquoso da castanha-do-brasil (EACB), via analise da
modulagdo das enzimas antioxidantes. Métodos: Protocolo 1, células mononucleares do sangue
periférico (CMSP) foram genotipadas para o polimorfismo Vall6Ala-SOD2 e tratadas com SeMet
purificada por 24 h em meio de cultura RPMI. No segundo protocolo, fibroblastos HFF-1 foram
quimicamente S-PH desbalanceados com a porfirina MNnTBAP (AA-SOD2-like) ou Paraquat (VV-
SOD2-like) e tratados com EACB por 24 h em meio DMEM 15%. Foram avaliados crescimento celular
e producdo de EROs usando curvas de concentracdo-efeito em CMSP (SeMet (0; 1; 3; 10; 30; 100;
300 e 1000 nM)) e em fibroblastos HFF-1 (MnTBAP e Paraquat (0, 0,01; 0,03; 0,1; 0,3; 0,9 uM), e Se
no EACB (0; 1,25; 2,5; 25; 50; 75; 100; 125 ng Se/ mL)). A concentracdo efetiva foi utilizada para
avaliar os parametros do metabolismo oxidativo e a expressdo génica das enzimas antioxidantes
CuzZnSOD (SOD1), SOD2, GPx-1, tioredoxina redutase (TrxR-1) e catalase (CAT). A avaliacdo da
atividade das enzimas antioxidantes, 8-hidroxi-2-deoxiguanosina (8-OHdG) e apoptose foi realizada
somente no Protocolo 1. As concentragdes efetivas de SeMet, MNTBAP e/ou Paraquat e Se no EACB
foram 1 nM; 0,9 uM e 75 ng Se/ mL, respectivamente. A regulacdo da expressao génica foi diferencial
entre os protocolos 1 e 2, mas o estresse oxidativo diminuiu em ambos. No Protocolo 1, relativo ao
controle negativo, apoptose, 8-OHdG e a expressdo da CAT diminuiram em todos 0s genotipos, mas
a atividade CAT diminuiu somente no AA. Nas AA-CMSP, expressdo e atividade SOD aumentaram; a
expressdo da GPx-1 ndo alterou e da TrxR-1 baixou expressivamente, mas a atividade de ambas foi
modulada positivamente. Nas VV-CMSP, a expressao de todas as enzimas diminuiu, exceto TrxR-1,
com modulagéo positiva da atividade da GPx-1, TrxR-1 e CAT, mas negativa para SOD. No Protocolo
2, nos fibroblastos AA e VV-SOD2-like tratados com EACB, a expressdo génica da CAT seguiu o
padrdo SOD2 em AA e VV-SOD2-like. Porém, a expressédo da SOD1 e GPx-1 diminuiram enquanto
gue TrxR-1 e CAT aumentaram em AA-SOD2-like. Em VV-SOD2-like, a expresséo da SOD1, GPx-1 e
CAT aumentaram e TrxR-1 ndo alterou. A relagdo GPx-1 e TrxR-1 ocorreu de maneira compensatoria
com efeito nutrigenético nas CMSP tratadas com SeMet purificada, mas de maneira sinérgica com um
maior efeito nutrigendmico nos fibroblastos S-PH desbalanceados tratados com SeMet associada a
matriz quimica do EACB.

Palavras-chave: Polimorfismo Vall6Ala-MnSOD. Selénio. GPx-1. TrxR. Nutrigendmica.
Nutrigenética.



ABSTRACT

SUPEROXIDE-HYDROGEN PEROXIDE IMBALANCE: IN VITRO MODULATION
ON SELENO-L-METHIONINE AND BRAZIL NUT EFFECT

AUTHOR: KAREN LILIAN SCHOTT
ADVISOR: IVANA BEATRICE MANICA DA CRUZ

Introduction: The coupled enzymatic reactions between the manganese-dependent superoxide
dismutase (MNnSOD/SOD2) and selenoenzyme glutathione peroxidase-1 (GPx-1) selenoenzyme are
essential for mitochondrial redox balance in aerobic cells. SOD2 dismutates the superoxide anion
(0, to hydrogen peroxide (H,0,) which is reduced to water by GPx-1. At low concentrations, reactive
oxygen species (EROs) O, and H,O, are essential for the maintenance of the body's homeostasis.
However, in the single nucleotide polymorphism (SNP) in the gene that codes for SOD2 (Vall6Ala-
SOD2) the AA genotype is 30-40% more efficient than the wild VV causing a superoxide (S)-hydrogen
peroxide (HP) imbalance, associated to development of chronic noncommunicable diseases. The VV
genotype was associated with cardiometabolic diseases and metastatic breast cancer. Whereas, AA
genotype have been related to an increased risk of breast, prostate and colorectal cancer, suggesting
that the excess of H202 generated could be higher than the antioxidant capacity of GPx-1. In addition,
a previous study showed that the risk of breast cancer decreased in an expressive manner in women
carriers of AA genotype who reported a diet rich in fruits and vegetables. However, the potential
benefic effect of Brazil nut, rich in seleno-L-methionine (SeMet) and antioxidant phytochemicals, on
the regulation of cellular oxidative metabolism had not yet been investigated. To test this hypothesis,
we aimed to perform a literature review work about brazil nuts and, in parallel, to evaluate the
influence of the genetic and chemically induced S-HP imbalance on the in vitro effect of the purified
SeMet and that contained in the Brazil nut aqueous extract (BNAE), through the analysis of
antioxidant enzymes modulation and other variables. Methods: In the Protocol 1, peripheral blood
mononuclear cells (PBMC) were genotyped for the Vall6Ala-SOD2 polymorphism and treated with
purified SeMet for 24 h in RPMI cell culture medium. In the Protocol 2, HFF-1 fibroblasts were S-HP
chemically imbalanced with MnTBAP (AA-SOD2-like) and Paraquat (VV-SOD2-like) and after treated
with Brazil nut agueous extract (BNAE) for 24 h in DMEM 15% medium. In the both protocols, cellular
growth and ROS production were evaluated using concentration-effect curves in PBMC (SeMet (0; 1;
3; 10; 30; 100; 300 e 1000 nM)) and in HFF-1 fibroblasts (MNnTBAP and Paraquat (0, 0.01; 0.03; 0.1;
0.3; 0.9 pM), and Se in the BNAE (0; 1.25; 2.5; 25; 50; 75; 100; 125 ng Se/ mL BNAE)). The effective
concentration was used to evaluate gene expression of antioxidant enzymes CuzZnSOD (SOD1),
SOD2, GPx-1, thioredoxin reductase (TrxR) and catalase (CAT), and oxidative metabolism
parameters in both. Evaluation of the activity of antioxidant enzymes, 8-hydroxy-2’-deoxyguanosine (8-
OHdG) and apoptosis was performed only in Protocol 1. Results: Effective concentrations of SeMet,
MnTBAP and / or Paraquat and Se in the BNAE were 1 nM; 0.9 uM and 75 ng Se / mL, respectively.
The regulation of gene expression was differential between protocols 1 and 2, whereas general
oxidative parameters decreased in both protocols. In the Protocol 1, relative to negative control, CMSP
treated with 1 nM purified SeMet decreased apoptosis, 8-OHdG and CAT expression in all genotypes,
but CAT activity decreased only in AA genotype. In the AA-PBMC, SOD expression and activity
increased. Gene expression of GPx-1 unchanged and TrxR-1 decreased expressively while GPx-1
and TrxR-1 activities were modulated positively. In the VV-PBMC, the expression of all enzymes
decreased, except for TrxR-1. Positive activity modulation was observed for GPx-1, TrxR-1 and CAT
but negative for SOD. In the Protocol 2, BNAE- treated fibroblasts AA and VV-SOD2-like increased
CAT gene expression following SOD2 standard. SOD1 and GPx-1 decreased while TrxR-1 and CAT
increased in AA-SOD2-like. Positive modulation of activity was observed for GPx-1, TrxR-1 and CAT
but negative for SOD. In the Protocol 2, AA and VV-SOD2-like fibroblasts treated with BNAE
increased CAT gene expression following SOD2 standard. SOD1 and GPx-1 decreased while TrxR-1
and CAT increased in AA-SOD2-like. Diversely, in BNAE- treated VV-SOD2-like, expression of SOD1,
GPx, and CAT increased, whereas TrxR-1 unchanged. In general, results showed a compensatory
and nutrigenetic effects in the PBMC treated with purified SeMet, while imbalanced S-HP fibroblasts
treated with SeMet associated to the chemical matrix of BNAE showed synergistic and nutrigenomic
effects.

Keywords: Vall6Ala-SOD2 polymorphism. Selenim. GPx-1. TrxR. Nutrigenomics. Nutrigenetics.
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1 APRESENTACAO

O presente trabalho aborda a importancia do polimorfismo genético da enzima
humana mitocondrial superéxido dismutase dependente de manganés (Vall6Ala-
SOD2 SNP) que gera um desbalanco oxidativo cronico em portadores dos genotipos
homozigotos AA e VV-SOD2. Este desbalanco tem sido associado ao
desenvolvimento de doencgas crénicas ndo transmissiveis (DCNT).

As DCNT incidem de forma crescente ao nivel mundial e esta situacéo requer
a intervencdo no estilo de vida da populacdo, incluindo a adequacao da pratica
alimentar. Neste sentido, instrumentos da Nutrigendmica, tais como a investigacéo
de polimorfismos genéticos, sdo essenciais para unir a clinica e estado nutricional
dos individuos com o intuito da personalizacao dietética.

Neste contexto, o estudo das intera¢des entre o polimorfismo Vall6Ala-SOD2
e alimentos pode auxiliar na melhor compreensdo da importancia dos alimentos na
prevencdo de DCNT via adequacao da dieta em cada individuo, especialmente no
cancer de mama, prostata e colorretal nos individuos portadores do gendétipo
AA-SOD2.

Em funcdo disso, dois estudos in vitro foram realizados utilizando a
Seleno-L-metionina (SeMet) na forma purificada e a SeMet contida na matriz
quimica da castanha-do-brasil avaliando as intera¢cdes com o perfil de desbalanco
oxidativo referentes a cada genotipo homozigoto da SOD2. Assim, a melhor
compreensao dos efeitos do Selénio em diferentes apresentacdes foi alcancada por

avaliacdes baseadas na expressao das (seleno)enzimas antioxidantes.
1.1 REFERENCIAL TEORICO

A respiragdo celular aerObica que ocorre na membrana interna da
mitocdndria, gera ininterruptamente radical anion superéxido (0,") que é dismutado
a peroxido de hidrogénio (H,O,) pela enzima superoxido dismutase humana
dependente de manganés (MnSOD/SOD2). Esta reacdo € acoplada a enzima
glutationa peroxidase-1 (GPx-1) que catalisa o H,O, a agua e oxigénio molecular.
Importante ressaltar que a tioredoxina redutase 2 (TrxR-2) também participa da
reducdo do H,O, na mitocondria (HALLIWELL; WHITEMAN, 2004).
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A SOD2 é sintetizada a partir de um gene nuclear e esta enzima precisa ser
direcionada para o interior da mitocondria para exercer a sua atividade antioxidante.
O transporte da SOD2 para o interior mitocondrial acontece pela acao de uma regiao
peptidica contida na proteina SOD2 que orienta esta molécula para dentro da
mitocondria (Mitochondrial Target Sequence, MTS). No gene da SOD2 dos seres
humanos existe uma variagdo genética, no codon 16 localizado no exon 2 do
cromossomo humano 6925, que leva a substituicdo de um aminoacido valina (Val —
cédon GTT) por uma alanina (Ala — cédon GCT) na proteina da SOD2 formada
(polimorfismo Vall6Ala-SOD2, rs4880). Este polimorfismo resulta em trés diferentes
gendtipos; AA, AV e VV (SHIMODA-MATSUBAYASHI et al., 1996; SUTTON et al.,
2003).

Esta troca de aminoécido interfere na estrutura da proteina SOD2. No caso, 0
alelo A produz uma proteina alfa-hélice que permite a livre transposi¢do da SOD2 na
mitocéndria, enquanto que o alelo V produz uma proteina beta-lamina que fica
parcialmente presa na membrana mitocondrial. Esta condicdo faz com que o alelo A
produza uma SOD2 30-40% mais eficiente ao contrario do que ocorre no alelo V,
resultando em um desbalanco Superdxido (S) - peroxido de hidrogénio (PH)
(SUTTON, 2003).

Desta forma, os genétipos homozigotos (AA e VV) tém sido associados as
doencas cronicas ndo transmissiveis (DCNT), como as metabdlicas,
cardiovasculares e o cancer. Trabalhos prévios entendem que o gendtipo VV tem
niveis mais elevados de O, por ndo converter de modo eficiente esta molécula em
H,O, enquanto que o gendtipo AA produz uma maior concentracdo de H,O,, 0 que
nao significa que decorra maior producdo compensatéria de GPx-1 (BRESCIANI
et al., 2013).

O excesso de H,O; pode reagir com metais de transicao (Zn, Fe, Mn e Cu)
resultando em formacdo do radical hidroxila (*OH). Consequentemente, o
*OH cronicamente produzido pode levar a lipoperoxidacdo e, especialmente, ao
dano do DNA aumentando o risco de desenvolvimento de cancer (BRESCIANI et al.,
2013).

Por outro lado, O, em excesso reage espontaneamente com o *NO gerando
o0 peroxinitrito (ONOO ) que transpde livremente as membranas mitocondriais e
celulares. Entdo, o ONOO~ é a forma que o O, sai da mitocondria e alcanca o

citosol e os espacos extracelulares e outras células, levando a lipoperoxidacao e,
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principalmente, a carbonilacdo de proteinas (SUZUKI; CARINI; BUTTERFIELD,
2010).

No citosol, a CAT protege as células contra o excesso de H,O, ou ONOO™ ,
uma vez que é capaz de decompor H,O, e ONOO™ a agua através da oxidacao dos
ions ferro no grupo prostético heme da enzima. O processo de catalise ocorre em
duas reacgOes, primeiramente, a CAT nativa (CAT Felll) reage com a primeira
molécula de H,O, ou ONOO™ resultando na formacao de agua e composto CAT Fe
IV = O" que na segunda reacdo com H,O, ou ONOO ~ gera agua e oxigénio
molecular, sendo assim reconvertida a CAT Fe lll ativa (BAUER, 2012).

O excesso de espécies reativas ou a deficiéncia de enzimas antioxidantes e
proteinas de remocédo e reparo do DNA condiciona ao desenvolvimento de DCNT.
Como o proprio nome diz, estas doencas ndo sao transmitidas de pessoa para
pessoa, sao de longa duracdo e progressao geralmente lenta. Os quatro principais
tipos de doencas nao transmissiveis sdo doencas cardiovasculares (como atagues
cardiacos e acidentes vasculares cerebrais), neoplasias malignas, doencas
respiratorias crénicas (como doenca pulmonar obstrutiva cronica e asma), diabetes.
Planos de enfrentamento das DCNT tém sido definidos pela Organizacdo Mundial da
Saude (WHO, 2013).

No mundo, o numero total de 6bitos em decorréncia de DCNT foi de 40
milhndes de um total de mortes de 56% milhdes em 2015. Destes 40 milhdes de
Obitos, 48% ocorreram em paises com baixa e média renda. Os fatores de risco para
doencas cardiacas, acidente vascular cerebral e diabetes tipo 2 podem ser
prevenidas em 80% (WHO, 2013).

Dentre os casos de neoplasias malignas, o cancer de mama € o segundo tipo
mais comum entre as mulheres no mundo e no Brasil, respondendo por cerca de
28% de novos casos a cada ano. Acima da idade de 35 anos sua incidéncia cresce
progressivamente, especialmente apds os 50 anos. A estimativa de novos casos
para 2016 foi de 57.960. Estatisticas indicam aumento da sua incidéncia tanto nos
paises desenvolvidos quanto nos em desenvolvimento (INCA, 2015).

O cancer de prostata € mais incidente em homens com idade acima de 65
anos em todo o mundo. A maioria dos tumores cresce de forma lenta e séo
facilmente monitorados. A estimativa foi de 61.200 novos casos em 2016.

O cancer colorretal abrange tumores que acometem um segmento do

intestino grosso (o colon) e o reto. A maioria dos tumores inicia a partir de polipos
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trataveis e curaveis se detectados precocemente. A estimativa para 2016 foi de
34.280 novos casos (INCA, 2015).

A grande maioria dos casos de cancer gastrico ou de estbmago ocorre em
pacientes acima de 50 anos e tem pico de incidéncia em homens por volta dos
70 anos. A estimativa para 2016 foi de 20.520 novos casos (INCA, 2015).

Diante destes numeros que acompanham os encontrados em nivel mundial,
decorre a necessidade de abordar quatro DCNT principais no nivel de atencédo
primaria, no sentido de prevenir os principais fatores de risco para DCNT, tais como
alimentacdo inadequada, tabagismo, uso nocivo de alcool e atividade fisica
insuficiente (JEET et al., 2017).

Neste contexto, o movimento mundial para mudanca de habitos nocivos a
saude se torna premente. A alimentacdo adequada torna-se um dos pilares para
diminuir estes numeros em funcdo da acdo de bioativos que podem levar ao
restabelecimento do dano celular e prevenir estas doencgas. A inclusdo da castanha-
do-brasil na dieta tem mostrado resultados positivos na prevencéo e remissdo das
morbidades relacionadas as DCNT.

A castanha-do-brasil amplamente conhecida como castanha-do-para é a
semente do fruto da castanheira-do-brasil Bertholletia excelsa Humb. & Bonpl.:
Lecythidaceae, naturalmente encontrada na Bacia do Rio Amazonas (MORI;
PRANCE, 1990). A referida semente contém uma matriz nutricional completa, rica
em proteinas, acidos graxos insaturados, vitaminas, carboidratos e fitoquimicos
antioxidantes, tais como polifendis, acidos fendlicos, e flavonoides (CARDARELLI,
DE OLIVEIRA, 2000), além de ser um alimento acumulador do elemento essencial
Se na forma de SeMet (JOHN; SHAHIDI, 2010).

Vérios estudos e meta-analises mostraram o efeito na diminuicdo de riscos
para doencas cardiovasculares (DCV) diminuindo a pressao arterial, a adiposidade e
a inflamacdo e, aumentando os niveis de colesterol HDL (AUNE et al.,, 2016;
GROSSO et al., 2015). Em relagdo ao cancer, os estudos tém mostrado efeito
guimiopreventivo da semente, especialmente no cancer colorretal que tem como
fator de risco o a deficiéncia da selenoproteina P (SePP1) devido ao polimorfismo do
gene desta proteina (HU et al., 2016).

Alimentos como a castanha-do-brasil apresentam moléculas bioativas que
atuam na bioquimica e fisiologia das células via regulacédo da expressdo de genes e

proteinas. A acdo destas moléculas sobre os genes é conhecida como efeito
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nutrigenémico. Entretanto, também pode ocorrer uma variabilidade na resposta ao
efeito de determinados alimentos e suplementos alimentares na modulagcdo da
expressdo de genes e de proteinas como consequéncia de polimorfismos genéticos
gue modificam a estrutura e funcdo de muitas proteinas e enzimas corporais
(FENECH, 2008).

Os polimorfismos genéticos sdo fatores chaves para explicar a resposta
individual diante da intervencédo dietética, sendo estudos na area do conhecimento
conhecida como nutrigenética. Assim, a nutrigenética estuda 0s mecanismos
associados com a variacdo dos efeitos benéficos ou mesmo toxicoldégicos de
micronutrientes para a manutencédo das func¢des biolégicas (BRAICU et al., 2017).

Estudo prévio sugeriu que o risco de desenvolvimento de cancer associado
ao genotipo AA-SOD2 do polimorfismo Vall6Ala-SOD2 poderia ser minimizado
através da dieta rica em frutas e vegetais (AMBROSONE et al., 1999). Outro estudo
recente também mostrou que o efeito anti-inflamatério de moléculas como o
resveratrol é diferencialmente modulado pelo polimorfismo Vall6Ala-SOD2
(CAPELETO et al., 2015).

A castanha-do-brasil, rica em fitoquimicos antioxidantes, também apresenta
uma concentragdo de Se na forma de SeMet que varia entre 8 e 83 pug/g (ROMAN;
JITARU; BARBANTE, 2014) e esta entre as mais altas encontradas em alimentos
consumidos por seres humanos (NEMETH et al., 2013).

Desta forma, a questdo em aberto € se a castanha-do-brasilpoderia ter efeito
benéfico sobre o estresse oxidativo gerado pelo desbalanco S-PH via modulagéo
diferencial de genes das (seleno)enzimas antioxidantes.

A ingestdo adequada de Se na dieta é regulada por agéncias cientificas
baseado no status de Se sanguineo de uma amostra da populacdo. As funcbes
biolégicas do Se sdo mediadas por cerca de 25 proteinas, incluindo enzimas como
as glutationas peroxidases, as tioredoxinas redutases, as deiodinases das
iodotironinas e a SePP1l (BULTEAU; CHAVATTE, 2015). O Se apresenta um
intervalo muito estreito entre deficiéncia, dose essencial e dose tdéxica. Em geral a
ingestao diaria recomendada esta entre 50 e 60 pg/dia para adultos de acordo com o
Instituto de Medicina da Academia Nacional de Ciéncias dos Estados Unidos da
América (OTTEN; HELLWIG; MEYERS, 2006).

No Brasil, a suplementacdo diaria recomendada de 34 pg/dia para adultos &

regulamentada pela Agéncia Nacional de Vigilancia Sanitaria (BRASIL, 2005) que
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segue as diretrizes da Organizacdo das Nacdes Unidas para a Alimentacdo e
Agricultura/Organizacdo Mundial da Saude (FAO/WHO, 2001).

O nivel toleravel superior de ingestdo € de 400 pg/dia e os sintomas toxicos
agudos tém sido associados a uma ingestdo de Se extremamente alta
(3200- 6700 pg/dia). A absorgcéo do Se obtidos da dieta varia de acordo com a sua
forma quimica, 90% no caso da SeMet (ROMAN; JITARU; BARBANTE, 2014).

Nesse contexto, as selenoproteinas dependem da suplementacdo de Se para
a sua sintese via incorporacdo do Se na forma de selenocisteina (Sec). Estas
proteinas possuem diferentes distribui¢cdes teciduais e fung¢des variadas incluindo a
SePP1 e as enzimas antioxidantes GPxs (FLOHE, 2009) e TrxRs (LU; HOLMGREN,
2014).

A familia da GPx é representada por importantes isoenzimas, tais como
GPX-1, GPx-2, GPx-3 e GPx-4 e GPx-6 que podem ser classificadas
hierarquicamente de acordo com a ordem de importancia para a manutencéo da
vida, sendo a GPx-2 > GPx-4 >> GPx-3 = GPx-1 (ROMAN; JITARU; BARBANTE,
2014).

A localizagdo no organismo e a compartimentalizacdo celular determinam a
funcdo das selenoproteinas. A GPx-1 intracelular, localiza-se na mitocondria e no
citosol; a GPx-2 é sintetizada e restrita as células do epitélio gastrointestinal; a GPx-
3 é a Unica extracelular, a GPx-4 € a Unica monomeérica, presente na maioria das
células ligada as membranas e lipoproteinas, reduz hidroperoxidos associados as
membranas prevenindo a peroxidacao lipidica e é essencial ha espermatogénese e
funcdo do esperma e, por ultimo, a GPx-6 estd localizada no epitélio olfatério
(ROMAN; JITARU; BARBANTE, 2014).

Adicionalmente, a familia da TrxR é constituida por TrxR-1 citosolica, TrxR-2
mitocondrial e TrxR-3 extracelular. As selenoenzimas GPx-4, TrxR-1, TrxR-2 e TrxR-
3 sdo constitutivas e essenciais para a manutencédo da vida (WROBEL; POWER,;
TOBOREK, 2016). A SePP1 é secretada do figado e distribuida em todos os tecidos
através do plasma sanguineo e ,dentre outras funcfes, tem efeito na protecédo do
endotélio ao dano oxidativo e inibe a oxidagéo do LDL colesterol (PAPP et al., 2007).

A determinagédo dos niveis de SePP1 e da atividade da GPx-3 é utilizada para
estimar a concentragdo do Se no plasma sanguineo, em que 0s niveis da GPx-3 tém
meia vida de 12 horas ap0s a ingestao de Se enquanto que a SePP1 tem meia vida

de 4 horas. No entanto, a expressao € limitada a~100 ng Se/mL para a GPx-3 e 125
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ng Se/ mL para a SePP1. Adicionalmente, a atividade da GPx-1 no eritrocito pode
ser realizada para estimar a ingestao cronica de Se (ROMAN; JITARU; BARBANTE,
2014).

As selenoenzimas apresentam o Se no centro catalitico para desempenhar a
funcdo antioxidante. A atividade do sitio catalitico das selenoenzimas é dependente
da manutencao do estado reduzido do grupamento selenol (Enzima-SeH) no residuo
da Sec constituinte do centro ativo. Na presenca de H,O, ocorre a oxidagdo do
selenol para produzir o correspondente acido seleninico (Enzima-SeOH) e agua,
evitando assim a formacéo do *OH e os danos oxidativos no DNA e proteinas (LU,
HOLMGREN 2014).

A GPx-1 é uma enzima de acdo mitocondrial e citosélica cujo sitio catalitico é
composto pela triade catalitica que contém o residuo Sec, e 0s aminoacidos
triptofano (Trp) e glutamina (GIn). O residuo Sec da GPx-1 catalisa a redugdo do
H,O,. A manutencao do sitio catalitico ativo depende de manter no estado reduzido
o residuo Sec que é possivel via GSH ou através dos residuos de GIn e Trp da
triade catalitica. Quando os niveis de H,O, superam a capacidade do aporte de
GSH, a triade catalitica mantém o ciclo da GPx com eficiéncia reduzida. No
processo classico envolvendo a GSH como agente redutor, 2 equivalentes de GSH
sdo oxidados ao correspondente dissulfeto de glutationa (GSSG), enquanto o H,O, é
reduzido a agua (FLOHE et al., 2011).

A TrxR participa diretamente do metabolismo do Se ao nivel de ligacdes
dissulfetos e disseleneto, liberando moléculas ou proteinas para cumprir suas
funcbes biologicas (NASCIMENTO et al., 2014). Assim, desempenha um importante
papel na distribuicdo do elemento Se e controle da sintese de selenoproteinas
(BULTEAU; CHAVATTE, 2015). Além disso, a TrxR pode diretamente reduzir
lipoperdxidos, além de H,O, (BJORNSTEDT et al., 1995). Esta selenoenzima
também esta envolvida nos processos de sintese de DNA, regulacdo de fatores de
transcricio e apoptose mediada por EROs (CEBULA; SCHMIDT; ARNER, 2015;
ZENG, 2009).

As selenoproteinas juntamente com a CAT protegem as células de danos
oxidativos provocados por excesso de espécies reativas. 0,7, H,O; e hidroperéxidos
organicos/ lipoperoxidos (RHOO) sdo denominados espécies reativas de oxigénio
(EROs), enquanto que o *NO e ONOO ~sdo chamadas de espécies reativas de

nitrogénio (ERNSs). Baixos niveis destas espécies reativas agem como moléculas
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sinalizadoras enddgenas essenciais para a regulacdo da expressdo de genes e
proteinas com funcdes especificas. Deste modo, EROs e ERNs medeiam
importantes vias de sinalizacdo celular necessarias para a manutencdo da
homeostasia do organismo via ativacdo ou inativacdo de proteinas (BINDOLI;
RIGOBELLO, 2013).

Algumas funcgbes especificas das proteinas essenciais a vida referem-se a
sua capacidade antioxidante, promocdo da sintese e regeneracdo da GSH,
participacdo da desintoxicacdo por farmacos e outros xenobioticos, assim como ao
reconhecimento, reparo e remocdo de proteinas e DNA danificados (heat shock
proteins) e regulacdo da resposta imune e apoptose (BRIGELIUS-FLOHE et al.,
2012).

As espécies reativas agem diretamente no DNA como é o caso do O, ou
através de fatores de transcricdo como o Nrf2 (Fator nuclear eritréide 2-relativo ao
fator 2) (Figura 1). Na presenca de Se, o Nrf2 regula a expressdo de genes das
proteinas que favorecem de forma coletiva a manutencdo da homeostasia celular.
Este € 0 caso das selenoproteinas GPx-1 e TrxR-1, bem como as proteinas que
melhoram a sintese e a regeneracdo da GSH (CEBULA; SCHMIDT; ARNER, 2015).

No sistema Trx, a TrxR-1 mantém as fun¢bes de proteinas essenciais por
meio do seu substrato natural tioredoxina (Trx-1) de maneira sinérgica com o
sistema GSH. A Trx-1 no estado oxidado (TrxS,) é ciclicamente reduzida por TrxR-1
a Trx-(SH), que cumpre diretamente a sua funcdo na ativacdo/inativacdo de
proteinas por sua propriedade antioxidante e também como fator de transcricao para
a sintese de proteinas essenciais. De maneira sinérgica, no sistema GSH, a
glutationa redutase (GR) mantém a atividade da GPx por converséo ciclica da GSSG
a GSH. Ambos os sistemas, Trx e GSH (via Grx) exercem funcdes similares e
dependem da nicotinamida adenina dinucleotideo fosfato (NADPH) como provedor
de equivalentes redutores nas reacdes (FLOEN et al., 2014).

A TrxR-1 via Trx-(SH),, regula negativamente o Nrf2 enquanto que a
regulacéo positiva ocorre em condi¢des de estresse oxidativo quando o seu centro
catalitico no estado oxidado e inativo perde a capacidade de reconverter TrxS, que
ativa o Nrf2 (CEBULA; SCHMIDT; ARNER, 2015). Adicionalmente, na deficiéncia do
Se, a incorporacdo da selenocisteina (Sec) no RNAmM ndo ocorre e as
selenoproteinas ndo sdo traduzidas. No entanto, o Nrf2 continua sendo ativado

pelas espécies reativas que ndo estdo sendo suficientemente neutralizadas. Neste
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contexto, ocorre a superexpressao dos componentes do sistema GSH, tais como a
glutationa redutase (GR) e a glutationa S transferase (GST) (CEBULA; SCHMIDT;
ARNER, 2015).

No sistema da GSH, a glutaredoxina (Grx) € mantida pelos equivalentes
redutores da GSH em reacgao intermediada pela glutaredoxina redutase (GrxR) que
desempenha fungbes semelhantes ao sistema da Trx-1. (LILLIG; BERNDT,;
HOLMGREN, 2008). Na auséncia de Se, o sistema GSH e da Grx mediada pela GR
€ tornam-se 0s Unicos sistemas responsavel por manter os mecanismos de

regulacéo de sobrevivéncia ou apoptose celular (FLOEN et al., 2014).

Figura 1 — TrxR-1 na forma inativa regula positivamente o Nrf2

Eletréfilos H,0,, ROOH e ONOO- sdo ativadores de Nrf2

/

Sistema da Trx J\ L Sistema da GSH

Se 7 Neutralizagao » Conjugacao de moléculas
> Sintese de DNA de espécigs reativas Reativas - Desintoxicacdo de
» Reducao de dissulfetos SH xenobiéticos
e disselenetos Trx 7 3
» Apoptosis SH GST
» Regulagao de fatores NADP* IGSH ~—
de transcrigdo () x | » Homeostase de H,0,

‘ » Redutor de Hidroperéxidos

( Grx
NADPH+H* GS-GS - > Apoptosis
/ » Regulagdo de fatores

x / s Sintese de DNA
. ¢ ) » Reducdo de dissulfetos
de transcrigao

Ise §tomi] Enrf2 Tse fnif2 1)

Selenoenzimas n3o sdo produzidas e A regulagdo positiva da GPx-2 das células géstricas

£ = d a d cancerosas proporciona uma vantagem para que
aumenta o risco de cancer por dano essas células cresgcam e, além disso, as torna

oxidativo no DNA = | resistentes contra a quimioterapia (Flohe et al.,2012)

Nrf2 (Fator nuclear eritréide 2- relativo ao fator 2)

Fonte: Elaborado pela Autora.

O estresse oxidativo excessivo (hiperoxia) pode interromper a sinalizacao
celular através de oxidacédo de tiois de elementos chaves para a manutencdo do
equilibrio oxidativo sensiveis as reacdes de oxi-redugdo, como por exemplo a
proteina tioredoxina (Trx) substrato natural da TrxR e o tripeptideo GSH, doador de
elétrons & GPx (BRIGELIUS-FLOHE; FLOHE, 2011).
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Diante do exposto, embora os sistemas da Trx-1 e GSH funcionem
independentemente, eles fornecem fungdes similares No entanto, a deficiéncia de
um destes sistemas e a continuidade do estresse oxidativo com excesso de leva ao
aumento dos niveis do radical hidroxila (*OH), na presenca de metais de transicado
(Fe**, Cu’ e Mn?) via reacdo de Fenton, resultando em dano oxidativo ao DNA e
culminando em mutac¢des genéticas e cancer (HALLIWELL; WHITEMAN, 2004).

Neste contexto, no caso do cancer gastrico, as células cancerigenas foram
beneficiadas com suplementacdo supranutricional de SeMet (200 pg/dia),
aumentando a expressao da GPx-2 e a TrxR-1, via Nrf2. A evidéncia para apoiar
esta ideia é resumida em vista da regulacdo mutua de Se / selenoproteinas e Nrf2
(BRIGELIUS-FLOHE et al., 2012).

A TrxR-1/Trx-1 no citosol e a TrxR-2/Trx-2 na mitocondria estdo envolvidas na
regulacéo no processo de morte celular programada denominada apoptose ocorrem
tanto na fase de iniciacdo quanto execucao.

A apoptose é um processo essencial para a formacao e funcédo de tecidos e
orgaos. Além disso, € fundamental para o bom funcionamento das células imunes
(XU; SHI, 2007). Na via intrinseca, a fase de iniciacdo decorre de varios fatores
oriundos a célula, inclusive ao estresse oxidativo nocivo as proteinas essenciais e ao
DNA. A execucdo da apoptose é caracterizada por inversdo da membrana
citoplasmatica com consequente exposicao de fosfatidilserina, blebbling (zeiose),
fragmentacao do nucleo, condensacdo da cromatina e degradacdo do DNA. Na fase
de término, os corpos apoptéticos sao envolvidos por fagécitos (XU; SHI, 2007).

O mecanismo de regulacdo coordenado por Trx-1 na forma reduzida promove
a degradacdo da proteina kinase-1 reguladora do sinal de apoptose (ASK-1). No
estresse oxidativo, a oxidacdo de Trx-1 por ROS determina sua dissociacdo com
posterior ativacdo de ASK1 que resulta em apoptose induzida por ativacdo da
cascata das caspases (ZHANG et al., 2017).

Ao mesmo tempo, na mitocdndria, a TrxR-2 mantém a Trx-2 na forma
reduzida que se acopla a ASK1 e ASK2. O desmantelamento do complexo
mitocondrial ASK1 / ASK2 / Trx-2 por ROS promove a liberacdo da ASK1 e ASK2 e,
consequentemente, a liberagédo do citocromo c. Uma vez liberado, o citocromo c e a
pro-caspase 9 constituem uma plataforma de sinalizacéo, o apoptosoma, que ativa o
iniciador caspase-9.(CIRCU; YEE AW, 2008).
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Adicionalmente, a via intrinseca também é regulada pelas proteinas da familia
Bcl2 composta por duas subfamilias: as proapoptéticas e as antiapoptéticas. A
primeira subfamilia & responsavel por estimular o processo apoptético permitindo a
saida mais facil do citocromo c¢ para o citoplasma. Ja a segunda subfamilia tem acéo
contraria, impedindo que as proteinas intermembranares sejam expulsas para o
citosol (RIEDL; SALVESEN, 2007).

Por outro lado, a ativacdo da via extrinseca da apoptose depende de sinal
apoptotico extrinseco que é mediado pela ligacdo de um ligando extracelular a um
receptor transmembranal, levando a formag&o do complexo de sinalizacao indutor da
morte (DISC), o qual é capaz de ativar o iniciador da cascata caspase-8.

Caspase-9 (via intrinseca) ou a caspase-8 (via extrinseca) ativadas clivam o
executor caspase-3 e caspase-7, que representam o nivel de execu¢éo da apoptose
na célula condenada (RIEDL; SALVESEN, 2007).

Os reguladores negativos da cascata das caspases podem ser encontrados
nas fases de iniciacdo e execucdo. Enquanto as proteinas inibitorias celular FLICE
(FADD-like IL-1B-converting enzyme)-inhibitory protein (c-FLIP) bloqueiam a
ativacao do iniciador caspase-8 no DISC (R SAFA, 2013), o inibidor de ligagdo X da
proteina de apoptose (XIAP) pode bloguear a fase de iniciacdo, inibindo a caspase-9
e a fase de execucdo, bloqueando a caspase-3 e a caspase-7, da cascata (RIEDL;
SALVESEN, 2007).

Na fase de execucdo da apoptose, a Trx demonstrou inibir diretamente a
apoptose catalisando a S-nitrosilacdo da pré-caspase 3 e a caspase 3, pois as
caspases pertencem a familia de proteases de cisteina cuja atividade depende
fundamentalmente da presenca de um tiolato que é reduzido pela Trx (ZHANG et al.,
2017).

As células que morrem por meio da apoptose diferem das que sofrem
necrose. A morte celular necrética € induzida por fatores externos como toxinas,
cancer, infecgbes e traumatismos e € morfologicamente caracterizada por inchago
celular, ruptura da membrana plasmatica e perda de conteddo citoplasmatico
(PROSKURYAKQOV; KONOPLYANNIKOV; GABAI, 2003). As células necréticas
geralmente sdo reconhecidas pelo sistema imunolégico como um sinal de perigo e,
assim, resultando em inflamacéo (INOUE; TANI, 2014).
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1.2 PROPOSICAO

Investigar se o Se na forma de SeMet, encontrada em vegetais, frutos e
sementes como a castanha-do-brasil; poderia ter efeito benéfico contra o estresse
oxidativo gerado nos homozigotos AA e VV do polimorfismo genético Vall6Ala-
SOD2. O genotipo AA-SOD2, associados ao maior risco de desenvolvimento de
cancer € o objeto principal do estudo pela inferéncia de que o excesso de H,0O;
gerado suplantaria a capacidade catalitica da GPx-1. A proposicdo também esta
alinhada ao estudo de AMBROSONE et al. (1999), em que mulheres AA-SOD2 que
relataram dieta rica em frutas e vegetais diminuiram expressivamente o risco de
cancer de mama. Para testar esta hipétese propomos o delineamento a seguir:

Realizar um trabalho de revisdo na literatura sobre aspectos relacionados a
inclusdo da castanha-do-brasil na dieta em nivel mundial e o potencial beneficio na
prevencado de DCNT, incluindo o cancer. Em paralelo, realizar dois protocolos in vitro
(Protocolo 1 e 2) para avaliar a possivel influéncia do desbalanco S-PH, genético
(Vall6Ala-SOD2) e induzido quimicamente por porfirina (MNTBAP) e Paraquat no
efeito in vitro da SeMet em duas diferentes apresentagdes, purificada e a contida na
matriz quimica do EACB, através da andlise da modulacdo das enzimas
antioxidantes, incluindo as selenoenzimas GPx-1 e TrxR-1.

— No Protocolo 1. Avaliar o efeito in vitro da SeMet purificada em cultura de
CMSP portadoras de diferentes gendtipos do polimorfismo Vall6Ala-SOD2,
determinando sua acao:

e naviabilidade celular;

e na atividade das proteinas da apoptose;

e nos niveis de indicadores oxidativos e dano no DNA;

e nos niveis da atividade das enzimas antioxidantes;

¢ na modulacéo da expressao dos genes das enzimas antioxidantes.

Protocolo 2. Avaliar o efeito in vitro da SeMet contida no EACB em

fibroblastos HFF-1 em cultura S-PH desbalanceados quimicamente por MNnTBAP e
Paraquat, determinando sua agao:

e na viabilidade e crescimento celular;

e nos niveis de indicadores oxidativos;

e na modulagéo da expressao dos genes das enzimas antioxidantes.
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1.3 MATERIAIS E METODOS

Os materiais e métodos referentes a esta Tese estdo apresentados sob forma
de trés artigos a seguir. O primeiro artigo é referente a versdo aceita na Revista
Amazonense de Geriatria e Gerontologia intitulado “Castanha-do-brasil: Aspectos
socioeconbémicos e importancia na prevengdo de doengas ndo transmissiveis”. O
segundo artigo esta apresentado na versao publicada na revista Chemico-Biological
Interactions, com o titulo “Superoxide-hydrogen peroxide genetic imbalance
modulates differentially the oxidative metabolismo on human peripheral blood
mononuclear cells exposed to seleno-L-methionine”. Finalmente, a apresentacdo do
terceiro artigo esta baseada na versdo submetida a revista Redox Biology, com o
titulo “The Interaction Between a Chemical Superoxide-Hydrogen Peroxide
Imbalance and Brazil Nut Aqueous Extract Regulates the Oxidative Metabolism of

HFF-1 Fibroblasts in a Nutrigenomic Manner”.
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2 ARTIGO 1 — CASTANHA-DO-BRASIL: ASPECTOS SOCIOECONOMICOS E
IMPORTANCIA NA PREVENCAO DE DOENGAS NAO TRANSMISSIVEIS
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Resumo

A castanha-do-brasil € uma améndoa amplamente consumida no Brasil e no mundo.
Estas améndoas sdo as sementes que provém de uma arvore grande e frondosa
conhecida como castanheira-do-brasil (Bertholletia excelsa Humb. & Bonpl.
Lecythidaceae), nativa da Bacia AmazoOnica e explorada por meio do extrativismo
florestal por pequenas familias do Norte do Brasil. A conservacao da castanheira-do-
brasil depende da preservacdo da floresta, dos organismos polinizadores e
dispersores das sementes duras e lenhosas da arvore. A castanha-do-brasil possui
em sua composi¢ao nutricional uma grande quantidade de constituintes bioativos,
tais como proteinas, aminoacidos, acidos graxos insaturados, fibras, compostos
fendlicos e oligoelementos, com destaque para o Se. Diversas propriedades
benéficas ao organismo ja foram associadas ao consumo da castanha-do-brasil
como atividades antioxidante, anti-inflamatoria e anticarcinogénica, que podem ser
atribuidas ao Se presente nas sementes. Estudos epidemiolégicos e clinicos
demonstraram que a taxa de prevaléncia de céancer, doencas inflamatérias,
degenerativas e crénico ndo transmissiveis foi menor em grupos populacionais que
consomem a castanha-do-brasil regularmente. A incorporagéo da castanha-do-brasil
na alimentacdo, além de melhorar vérios indices relacionados a manutencdo da
saude, contribui para a preservacdo dos castanhais e permite a geracdo de emprego
e renda para as familias que dependem desta semente para a sua sobrevivéncia.

Palavras-chave: Bioma Amazonico, Selénio, Seleno-L-metionina, Cancer, Doencas
Cardiovasculares.
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Abstract

Brazil nut is an almond widely consumed in Brazil and in the world. These almonds
are seeds that come from a large, magnificent tree known as Brazil nut tree
(Bertholletia excels Humb. & Bonpl.: Lecythidaceae), native to the Amazon Basin and
exploited by small-scale forest extractives by small families in Northern Brazil.
Conservation of Brazil nut tree depends on the preservation of the forests, pollinator
organisms and dispersers of the hard and woody seeds of the tree. Brazil nut has a
large amount of bioactive constituents, such as proteins, amino acids, unsaturated
fatty acids, fibers, phenolic compounds and trace elements, with special emphasis on
selenium (Se). Several beneficial properties to the organism have been already
associated with Brazil nut consumption such as antioxidant, anti-inflammatory and
anticarcinogenic activities, which can be attributed to Se present in the seeds.
Epidemiological and clinical studies have shown that the prevalence rate of cancer,
inflammatory, degenerative and chronic noncommunicable diseases is lower in
population groups that consume Brazil nut regularly. The incorporation of Brazil nut in
foods, besides improving several indexes related to health maintenance, contributes
to the preservation of the “castanhais” and allows the generation of employment and
income for the families that depend on this seed for their survival.

Keywords: Amazonian Biome, Selenium, Seleno-L-Methionine, Cancer,
Cardiovascular Diseases
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Introducéo

A castanheira-do-brasil (Bertholletia excelsa Humb. & Bonpl.: Lecythidaceae),
conhecida também como castanheira-do-para, castanheira-do-acre ou noz
amazobnica, € uma arvore nativa da Floresta Amazbnica pertencente a familia
Lecythidaceae e considerada de grande porte, podendo alcancar até cerca de 50
metros de altura (Figura 1). O nome do género da castanheira-do-brasil, Bertholletia,
foi dado em 1807 em homenagem ao famoso quimico Claude Louis Berthollet (1748-
1822), contemporaneo de Alexander von Humboldt e Aimé de Bonpland, que
descreveram a espécie. Ja 0 epiteto, excelsa, deve-se ao elevado porte das
espécies do género (MORI, PRANCE, 1990).

Figura 1. Arvore de castanheira-do-brasil (Bertholletia excelsa) com destaque para as sementes.
Fonte: adaptado de <https://pt.wikipedia.org/wiki/Ficheiro:Castanheira_1.jpg> e <
https://pixabay.com/pt/castanha-do-par%C3%A1-castanha-do-acre-638972/>. Acesso em: 20 de Abril
de 2017.

Nos ultimos anos 0 consumo de sementes, como as nozes, castanhas, avelas
e améndoas, tem aumentado no Brasil e em varios outros paises, devido a esses

alimentos apresentarem uma relacdo com um menor risco de doencas
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cardiovasculares, diabetes do tipo 2 e alguns tipos de cancer (CHEN; LAPSLEY;
BLUMBERG, 2006; NISHI et al., 2014).

A castanha-do-brasil destaca-se entre essas sementes pela grande
guantidade de nutrientes bioativos presentes em sua composi¢cdo, incluindo
especialmente o Se, tocoferdis, acidos graxos insaturados, proteinas, amino&cidos,
fibras e compostos fendlicos (YANG, 2009). Um detalhamento dos componentes da
castanha revela que ela apresenta de 60-70% de lipidios, entre eles podemos
destacar o acido oleico (45,2%), acido linoleico (31,4%), acido palmitico (13,8%) e
acido esteérico (8,7%), além de quantidades menores de acido palmitoleico e acido
miristico. Ainda, quantidades consideraveis de proteinas podem ser econtradas na
castanha (15-20%), vitaminas lipossoluveis (A, E) e diversos minerais (Ca, Fe, Zn,
Na e K) com destaque para o selénio (Se) (CARDARELLI; OLIVEIRA, 2000).

Além do aumento do uso da castanha inteira, um dos usos da castanha que
tem aumentado consideravelmente € a extracdo do Oleo de castanha através de
métodos de prensagem ou de extracdo a frio. O 6leo é largamente utilizado como
aditivo alimentar em diversos produtos de confeitaria, barras de cereais, sorvetes,
biscoitos e barras de chocolates (SANTOS et al., 2013).

Diversos compostos fenodlicos e flavonoides podem ser encontrados nas
castanhas e em menor quantidade no 6leo de castanha, jA que o processo de
obtencdo do 6leo diminui a extracdo de compostos lipofilicos. A ingestdo desses
compostos também esta relacionada com diversos beneficios para a saude, como
capacidades anti-inflamatérias, antimutagénicas e anticarcinogénicas que eles
apresentam (COLPO et al., 2014; WIJERATNE; AMAROWICZ; SHAHIDI, 2006).
Alguns dos compostos fendlicos e flavonoides que puderam ser identificados no 6leo
de castanha foram o &cido gélico, acido p-cumérico, acido sinpico e catequinas
(GOMES; TORRES, 2015).

Um dos componentes mais importantes presentes nas sementes de
castanha-do-brasil é o Se. Este € extremamente importante para diversas fungdes
celulares em organismos mamiferos. A sua incorporacdo na estrutura final de
proteinas e enzimas € realizada atravées dos aminoacidos selenometionina e
selenocisteina e, dessa forma, contribui na regulacédo de diversas vias metabdlicas,
incluindo o metabolismo de horménios tireoidianos, fungées na resposta imune,
defesa antioxidante e reducdo do risco de desenvolvimento de canceres (ROMAN,
JITARU, and BARBANTE 2014).
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O Se € um elemento essencial para o organismo de mamiferos pode ser
obtido através da ingestdo de castanha-do-brasil. A determinacéo da ingestéo diaria
recomendada (IDR) é determinada por agéncias reguladoras de cada pais. Segundo
o Instituto de Medicina da Academia Nacional de Ciéncias dos Estados Unidos da
América (OTTEN; HELLWIG; MEYERS, 2006), a IDR para adultos (55 ug de Se) é
alcancada com a ingestédo de uma Unica castanha (BOYD, 2011).

Entretanto, segundo estudos realizados ainda na década de 1990, as
concentracbes de Se na semente podem variar enormemente entre as diferentes
regides produtoras, o que esta relacionado com as diferencas existentes no solo da
regido. Além disso, a ingestdo diaria de castanhas ou de outros alimentos que
contenham Se deve ser limitada com o intuito de evitar toxicidade, ndo apenas
devido ao Se, mas também pelo bario presente em grandes quantidades no solo da
Bacia Amazonica e incorporado nas sementes da castanheira-do-brasil (CHANG et
al., 1995).

Os objetivos deste trabalho compreendem enfatizar a importancia da
castanha-do-brasil em relacdo ao desenvolvimento humano, em termos
socioeconémicos e de saude publica, em razdo da sua essencialidade na nutricao,
bem como evidenciar os vastos estudos in vitro, clinicos e as extensas abordagens
epidemiologicas relativos a efetividade desta semente na prevengéo ou tratamento
de doencas crénicas ndo transmissiveis (DCNT), tais como o cancer, as doencas
metabdlicas e cardiovasculares, considerando o envelhecimento e a influéncia
genética dos individuos.

Como método de pesquisa para realizar esta reviséo, utilizamos a busca em
bibliotecas digitais internacionais tais como Pubmed, Science Direct, bem como o
Portal dos Periodicos da CAPES. Os descritores da busca foram: “Brazil nut”, “Brazil
nut and diseases”, “Brazil nut and cancer”, “Brazil nut and cardiovascular disease” e

“Val16Ala-MnSOD gene polymorphism”.

Aspectos botanicos e ecoldgicos da castanha-do-brasil

As sementes de Bertholletia excelsa ficaram conhecidas como castanhas-do-
brasil, muito embora botanicamente a palavra castanha designe um fruto e, dessa
maneira, a denominacgdo correta para as castanhas seria a de sementes-do-brasil.

As sementes sao produzidas dentro de um fruto capsular que, quando maduro, cai
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da éarvore com as sementes em seu interior (MORI; PRANCE, 1990) O
desenvolvimento do fruto, desde a polinizagcdo da flor, pode levar cerca de 15
meses, mais do que para outras espécies da familia Lecythidaceae (MORITZ, 1984).
Ainda, os frutos geralmente caem durante a época de chuvas, geralmente em janeiro
e fevereiro (PRANCE, 1976).

O fruto da castanheira-do-brasil apresenta cerca de 10 a 21 sementes (MORI;
PRANCE, 1990). H4 uma grande variacdo no tamanho das sementes, sendo que as
sementes maiores sao preferencialmente comercializadas enquanto que sementes
menores, mais facilmente removidas do fruto, sdo utilizadas para a extragdo do 6leo
de castanha e para a preparacéo de farinhas (ALMEIDA, 1963). Além do tamanho, o
namero de sementes por fruto pode variar consideravelmente dentro de uma mesma
populacdo e entre diferentes populagdes. Contudo, o numero e tamanho de
sementes e 0 numero de frutos para arvores individuais é relativamente constante de
ano a ano (NELSON et al, 1985).

A dispersédo das sementes da castanheira-do-brasil é realizada por pequenos
roedores encontrados em florestas neotropicais, como as cutias (Dasyprocta spp.),
devido a capacidade que esses animais possuem de abrir os frutos duros e lenhosos
que caem das arvores (HUBER, 1910). A dispersdo de sementes e crescimento de
novas arvores ocorre devido a esses animais enterrarem e esquecerem parte das
sementes no solo, no qual elas eventualmente irdo germinar (SMYTHE, 1978). O
estudo de PERES; BAIDER (1997) demonstrou que apenas um quarto das
sementes sdo consumidas imediatamente pelos animais, enquanto que
aproximadamente 65% das sementes séo espalhadas por um raio de cerca de cinco
metros do seu ponto de origem, mas esta distancia pode variar de 0,5 a 28,4 metros.

As flores de Bertholletia excelsa s&o visitadas e polinizadas principalmente
por abelhas, geralmente de grande porte, robustas e de lingua comprida da familia
Apidae, para que a perpetuacéo da castanheira-do-brasil seja preservada (SANTOS,
ABSY, 2010). Espécies dos géneros Bombus, Centris, Epicharis, Eulaema e
Xylocopa tém a for¢ca necessaria para abrir as flores e obter o néctar do qual se
alimentam e, ao se alimentarem, levam o polen de uma planta para a outra
(MORITZ, 1984; MULLER et al., 1981; NELSON et al., 1985).
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Biogeografia e importancia socioecondmica

A castanheira-do-brasil € encontrada principalmente em solos néo-inundados,
conhecidos como terra firme, das Guianas, Colémbia, Venezuela, Peru, Bolivia e
Brasil (MORI; PRANCE, 1990). Estudos climatolégicos demonstraram que as
arvores crescem preferencialmente em areas com temperatura média anual entre
24,3 e 27,2° C, precipitacdo de 1400 a 2800 mm e umidade relativa entre 79 e 86%
(ALMEIDA, 1963; DINIZ, BASTOS, 1974). Além disso, periodos com chuvas
reduzidas, de cerca de dois a cinco meses, sao importantes para o crescimento e
frutificacdo da castanheira-do-brasil (MULLER, 1981).

O padrédo de distribuicdo das castanheiras-do-brasil (Figura 2) geralmente
ocorre na forma de agregados e, muitas vezes, algumas areas concentram grande
quantidade de arvores, chamadas de “castanhais”, que sao intercaladas com vastas
areas de floresta com poucas arvores (MORI, PRANCE, 1990; PERES, BAIDER,
1997; SCOLES, GRIBEL, 2011).
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Figura 2. Distribuicdo observada de Bertholletia excelsa Humb. & Bonpl.: Lecythidaceae. A area
destacada corresponde a regiao conhecida como “MAP”, que corresponde as localidades Madre de
Dios (Peru), Acre (Brasil) e Pando (Bolivia), que concentra grande quantidade de castanhais. Fonte:
adaptado de THOMAS et al., 2014.
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A exploragédo dos frutos das castanheiras-do-brasil iniciou-se com 0s povos
Amerindios, que comiam as sementes e extraiam um “suco” para a utilizagao
posterior como aromatizante de mingau de mandioca. As sementes foram chamadas
de nha, nia, invia, tacari e tucari por diferentes povos indigenas (ALMEIDA, 1963;
SOUZA, 1963).

A comercializacdo das sementes iniciou-se apenas no final do século 18 e
inicio do século 19, quando holandeses que vieram ao Brasil em busca de riquezas
comecaram a enviar as sementes para a Europa. Contudo, somente a partir do ano
de 1866, quando os portos brasileiros foram abertos para o livre comércio, que o
mercado de compra e venda de castanhas-do-brasil comegou a prosperar
(ALMEIDA, 1963; SOUZA, 1963).

A castanheira-do-brasil € uma das plantas economicamente mais importantes
dentre as nativas da flora Amazonica, tanto globalmente, aumentando o valor das
exportacdes para o Brasil, quanto localmente, gerando riquezas para as populacdes
locais e preservando as florestas. Além disso, outras plantas como a seringueira
(Hevea brasiliensis) utilizada para a obtencéo da borracha, o cacaueiro (Theobroma
cacao) usado para a obtencdo do chocolate e o guarana (Paullinia cupana),
empregado na fabricacdo de refrigerantes e energéticos tém grande importancia
econdmica a nivel mundial e cultivadas em regides historicamente dependentes da
exploracdo destes produtos (BALICK, 1985).

A legislacdo para o uso e exploracdo o de florestas tropicais mostrou ser
determinante para promover e integrar o desenvolvimento sustentavel e a
conservacdo pelo fato da derrubada de arvores ser ilegal, o que impactou
diretamente na economia da regido no caso da exploracdo das castanhas nas
regibes produtoras do Norte do Brasil (COSSIO-SOLANO et al., 2011;
CRONKLETON et al., 2012; WADT et al., 2005).

Com isso, a castanha-do-brasil apresenta a distincdo de ser uma das Unicas
sementes comercializadas globalmente através da colheita baseada no extrativismo
florestal (CLAY, 1997). A regido conhecida como “MAP”, que integra pequenas
familias de coletores das localidades de Madre de Dios (Peru), Acre (Brasil) e Pando
(Bolivia), sdo dependentes historicamente da colheita de frutos e sementes como a
castanha-do-brasil e a da coleta de borracha das seringueiras para garantir o
sustento de suas familias (CANO et al., 2014; DUCHELLE et al., 2012; DUCHELLE
et al., 2014; ZENTENO et al., 2013; ZENTENO et al., 2014)
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Dados mostram que a castanha-do-brasil € um dos principais produtos de
exportacdo da Floresta AmazoOnica, especialmente para o mercado internacional,
com uma producdo estimada ao ano de aproximadamente 40 mil toneladas.
Entretanto, os dados de producdo de castanha mostram que nos anos de 1970 a
producdo anual j& chegou a cerca de 100 mil toneladas, decaindo a partir dos anos
de 1980 e mantendo-se até hoje em cerca de 40 mil toneladas, especialmente
devido ao desmatamento da Floresta Amazoénica (WADT et al., 2008).

Segundo a Unido Internacional para a Conservacdo da Natureza (IUCN), a
castanheira-do-brasil aparece na lista de espécies vulneraveis e segundo o
Ministério do Meio Ambiente a espécie € considerada ameacada. Os castanhais sdo
derrubados para a criacdo de gado e construcdo de estradas e barragens. A
conservacdo da castanheira-do-brasil é crucial para que a producdo nao seja
afetada e as populacdes locais possam continuar a explorar de forma sustentavel as
sementes dessa grandiosa arvore (WWF, 2017).

Importancia da incorporacéo na dieta

A castanha-do-brasil € um dos alimentos mais ricos em Se e a segunda
semente que mais acumula o Se na forma de seleno-L-metionina (SeMet) (NEMETH
et al., 2013). A absorcéao intestinal das referidas substancias varia de acordo com a
sua forma quimica e € muito eficiente para a SeMet, proveniente de vegetais, frutas
e sementes (DUMONT, VANHAECKE, CORNELIS 2006).

A funcdo antioxidante do Se é alcancada via selenocisteina (Sec) que é
metabolicamente derivada dos compostos de Se. A Sec é incorporada no RNAm de
uma correspondente selenoproteina, via tRNAS®ed (JAMESON; DIAMOND 2004).
As selenoproteinas (SeP) compdem mais de 25 tipos de proteinas contendo Sec e
possuem diferente distribuicdo tecidual e funcdes variadas. A selenoproteina P
(SePP1) e a enzima glutationa peroxidase-3 (GPx-3) sdo as principais responsaveis
pelo transporte e distribuicdo sistémica do Se absorvido no intestino delgado
(STEINBRENNER; SPECKMANN; KLOTZ, 2016).

As selenoenzimas glutationa peroxidase e a tioredoxina redutase (TrxR)
apresentam o0 Se no centro catalitico para desempenhar as atividades antioxidantes
A atividade do sitio catalitico das selenoenzimas é dependente da manutencgéo do

estado reduzido do grupamento selenol (Enzima-SeH) no residuo da Sec
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constituinte do centro ativo. Na presencga de H,O, ocorre a oxidagéao do selenol para
produzir o correspondente &cido seleninico (Enzima-SeOH) e 4gua, evitando assim
a formacdo do radical hidroxila e os danos oxidativos no DNA e proteinas (LU;
HOLMGREN, 2014).

Tanto a GPx-1 quanto a TrxR removem o excesso de peréxido de hidrogénio
produzidos durante o metabolismo oxidativo mitocondrial basal e em situagbes de
desequilibrio nas reacdes de Oxido-reducdo celulares. As reacbes mediadas por
GPx-1 e TrxR significam que estas enzimas estdo envolvidas em processos
celulares modulados por peréxido de hidrogénio, incluindo sinalizag&o por citocinas,
proliferacéao celular e apoptose (CEBULA et al. 2015).

A TrxR tem atividade antioxidante direta contra hidro e lipoperoxidos, é
essencial para a sintese e reparo do DNA, desempenha um importante papel no
controle da sintese de selenoproteinas (ARNER, 2009) através da participacdo do
redistribuicdo do Se através da disponibilizacdo do grupamento tiol (SH) ou selenol
(SeH), antioxidantes, via catalise de interacdes S-Se ou Se-Se (NASCIMENTO et al.
2014).

O nivel de Se sanguineo considerado fisiologico é classicamente quantificado
a partir da atividade da GPx-3 plasmatica comparadas com sua atividade maxima
que ocorre a ~100 ngSe/mL equivalente a ingestdo de 70 pg Se /dia. A expressao
maxima da SePP1 ocorre em niveis levemente mais altos ~124 ng/mL que
correspondem a ingestdo de 105 pg Se /dia (HURST et al. 2010). O Se apresenta
intervalos de concentracbes plasmaticas estreitos entre deficiéncia (<89 ng/mL),
essencial (~100 ng/mL) e tbxicas - quando sdo observados sintomas que
caracterizam a selenose (ROMAN, JITARU, BARBANTE 2014).

No Brasil, a ingestédo diaria recomendada do Se é baseada em dietas mistas
contendo o elemento e é regulamentada pela Agéncia Nacional de Vigilancia
Sanitaria (ANVISA) (BRASIL, 2005) que segue as diretrizes da Organizacdo das
NacOes Unidas para a Alimentacdo e Agricultura/Organizacdo Mundial da Saude
(FAO/WHO). A ANVISA recomenda 34 ug Se /dia para adultos de ambos os sexos
com pequena variacao para gestantes e lactantes; para infantes, 6 (0-6 meses), 10
(7-11 meses), 17 (1-3 anos) e 21 (4-10 anos) pg Se /dia.

Em situacdes de deficiéncia de Se patologicamente ou clinicamente
identificada, a suplementacdo com maiores concentracdes € necessaria. Neste

sentido, a recomendacao canadense é de 55 ug Se /dia para adultos é seguida por



34

diversos paises com solos deficientes em Se como Europa, Canada e varios estados
americanos pelo Instituto de Medicina das Academias Nacionais e Saude do Canadéa
e pelo Conselho Nacional de Pesquisa - Ingestdo dietética de referéncia: o Guia
Essencial para as Necessidades de Nutrientes (OTTEN; HELLWIG; MEYERS, 2006)

A variabilidade da resposta ao efeito de determinados alimentos e
suplementos, tais como a SeMet, depende da variacdo da expressao de genes e
producdo de proteinas incluindo interacbes complexas de polimorfismos genéticos
multiplos, os quais sdo fatores chaves para explicar a resposta individual diante da
intervencao dietética (FENECH 2008).

A necessidade de suplementacdo de Se depende do estado nutricional do
individuo, sendo recomendada a avaliagdo da ingestdo concomitante de outras
fontes de alimentos que contenham Se como por exemplo, peixes, musculos, figado,
ovos, frutas e verduras (ROMAN, JITARU, and BARBANTE 2014). Tanto a
deficiéncia quanto o excesso de Se podem causar aumento do risco de DCNT, tais
como, cardiovasculares, cancer e degenerativas (FAIRWEATHER-TAIT et al.
20011). Niveis acima dos nutricionais podem conduzir a um quadro chamado
selenose caracterizada por queda de cabelo, desestruturacdo das unhas até efeitos
toxicos gastrointestinais e neurolégicos (MACFARQUHAR et al. 2010)Contudo,
estudos epidemiolégicos tém revelado que individuos que vivem em areas com alto
nivel de Se na cadeia alimentar, tais como criancas da regido Norte do Brasil ndo
apresentaram sintomas de selenose sugerindo uma resposta adaptativa ao meio
(MARTENS et al. 2015; VEGA et al. 2011). Esta hipo6tese foi testada por estudo
realizado por HAWKES et al. (2003) o qual mostrou que homens adultos norte-
americanos ndo apresentaram sintomas de selenose mesmo em apos a ingestéo de
300 pg diarios de Se.

Por outro lado, a deficiéncia de Se no solo e mananciais € questédo de saude
publica em varios paises e continentes, uma vez que a homeostase do organismo de
animais e humanos é severamente comprometida. A taxa de prevaléncia de DCNT é
maior nas regides com solo pobre em Se, grande parte localizadas na China, india,
Europa, América do Norte e Nova Zelandia (ROMAN, JITARU, and BARBANTE
2014).

Exemplo classico de extrema deficiéncia de Se na dieta, < 20 pg Se /dia, é a

doenca de Keshan que é endémica em areas do nordeste e sudoeste da China e
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caracterizada por cardiomiopatia e atrofia muscular graves (DUMONT,
VANHAECKE, and CORNELIS 2006). A associacado da doenca de Keshan com a
deficiéncia do Se foi descoberta somente na década de 1970 (CHEN 2012).

Estudo randomizado controlado realizado em neozelandeses mostrou que a
ingestao duas castanhas-do-brasil ao dia foi suficiente para aumentar a atividade da
GPx e esta resposta foi equivalente a 100 pug de SeMet purificada (THOMSON et al.
2008).

Entre os anos de 1999 e 2014 foi realizada a Pesquisa Nacional de Saude e
Nutricdo nos Estados Unidos (NHANES) com 13292 adultos, idades entre 19 e 50
anos (62,3%) e a partir de 51 anos (37,5%) com diferentes etnias, nivel de
escolaridade e proporcdo similar entre os géneros feminino e masculino. Os
resultados mostraram que a ingestdo de améndoas e castanha-do-brasil diariamente
foi suficiente para sanar a deficiéncia de nutrientes essenciais e fibras nesta
populacao (O'NEIL et al. 2010).

Castanha-do-brasil na prevencédo do cancer

Estudos sobre a prevencdo do céancer utilizando castanha-do-brasil séo
realizados h& longa data. Em uma época em que o Se puro ja mostrava resultado
anticarcinogénico promissor em ratos, (IP and LISK 1994) realizaram um estudo com
castanha-do-brasil onde foi utilizado o modelo de inducdo de cancer mamario com
7,12, dimetilbenz [a] antraceno (DMBA) em ratos com deficiéncia de Se. A
suplementacao dietética com castanha-do-brasil e com o selenito de sédio, realizada
em paralelo, iniciou duas semanas antes da aplicacdo do DMBA. A resposta
inibitéria do crescimento das células mamarias em ratos foi dose-dependente (1-3 pg
Se /g de alimento) e similar entre ambos o0s grupos tratados, indicando que o efeito
de anticarcinogénico da SeMet foi independente dos fitoquimicos existentes na
castanha-do-brasil. Além disso, a reativacdo das selenoenzimas e o estoque de Se
em musculos, figado, rins e glandula mamaria mostraram o potencial efeito
antioxidante quimiopreventivo.

Nas ultimas décadas varios estudos foram realizados para avaliar o efeito
quimiopreventivo da SeMet utilizando concentracdo supranutricional (200 pug SeMet
/dia) de SeMet em varios tipos de cancer. Apesar dos resultados promissores nos
estudos preé-clinicos (CLARK et a., 1996), os ensaios clinicos ndo alcancaram o éxito
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esperado, uma vez que a SeMet ndo causou diminuicdo do risco de cancer de
préstata no grupo suplementado em relacdo ao grupo nao suplementado (LIPPMAN
et al., 2009). Além disso, no mesmo estudo a incidéncia de diabetes tipo 2 foi maior
no grupo tratado em comparacdo ao placebo (ROCOURT ,CHENG 2013,
AKBARALY et al. 2010, STRANGES et al. 2010).

Atualmente, devido ao resultado negativo do uso da SeMet como
anticarcinogénica nestes amplos estudos, as investigacdes cientificas tém buscado o
melhor entendimento da interacdo do Se com o perfil nutricional de cada individuo e
outros fatores, tais como idade, o tipo de céancer, a localizacdo do tumor e as
investigacdes genéticas, como por exemplo os polimorfismos de nucleotideo Unico
(SNP) de selenoproteinas (COMBS et al. 2012; MEPLAN et al. 2010) ou interacoes
epigenéticas (HU et al., 2016). ,

No campo das interacdes epigenéticas, a suplementacdo diaria com
castanha-do-brasil contendo 48 ug de Se; em adultos de ambos 0s sexos com idade
entre 52 a 76 anos, por seis semanas consecutivas; foi suficiente para modificar
positivamente o padrdo dos indicadores moleculares de risco como a expresséao da
SePP1, que aumentou em 89% e a expressdao da [B-catenina, biomarcador de
inflamacédo, que diminuiu significantemente em testes moleculares das bidpsias
retais (HU et al., 2016). Além disso, no mesmo trabalho foi demonstrado que a
concentracdo de Se (SeMet) ingerida ndo modificou o0s niveis sanguineos dos
horménios tireoidianos ou glicose, indicando que, na concentracdo e periodo de
tempo referidos, o efeito da hiperglicemia foi afastado.

Vérios estudos evidenciam, por exemplo, a interacdo entre o polimorfismo do
gene humano da enzima superoxido dismutase, Vall6Ala-MnSOD, e varios tipos de
cancer, uma vez que este polimorfismo conduz ao desbalanco entre o anion radical
superéxido (S) e o peréxido de hidrogénio (PH) no interior da mitocdondria. O
desbalan¢co S-PH com excesso de H,0O,, que ocorre no homozigoto AlaAla-MnSOD,
tem sido fortemente associado ao risco de desenvolvimento de cancer de mama
(AMBROSONE et al. 1999); interfere na proliferacdo de células de cancer de
prostata (BERTO et al., 2015) e em células de cancer colorretal (AZZOLIN et al.,
2016). Na mesma linha, a interacéo entre o polimorfismo genético Vall6Ala-MnSOD
e a Seleno-L-metionina (SeMet) purificada resultou em um efeito nutrigenético em
relacdo a expressdo dos genes das (seleno)enzimas antioxidantes, que sao
essenciais para garantir a imunocompeténcia das células imunes (SCHOTT et al.,
2017).
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Castanha-do-brasil e diminuicdo do risco de doencas cardiovasculares

Doencas cardiovasculares (DCV) podem ser associadas a determinacéo
genética bem como ao estilo de vida ndo saudavel. Adultos com idade acima de 50
anos tém sido objeto de estudo para avaliar se a suplementagéo com a castanha-do-
brasil tem efeito positivo minimizando os riscos de desenvolver DCV ou diminuir 0s
sintomas clinicos da doenca ja instalada.

Estudo prévio (STRUNZ et al. 2008) mostrou um aumento nos indicadores de
risco de DCV com o uso de castanha-do-brasil. No entanto, varios estudos
posteriores apontam ao contrario. COLPO et al. (2013) mostraram que uma Unica
ingestdo de 20 g de castanha-do-brasil correspondente a 625 pug de Se ou 4
unidades de castanha foram suficientes para elevar o nivel de colesterol HDL em
individuos saudaveis e com idade entre 23 a 34 anos. Interessantemente, 0s
parametros foram mantidos ap6s 30 dias. Além do efeito antioxidante via
selenoproteinas, os autores sugeriram o possivel efeito benéfico dos acidos graxos
insaturados oleico e linoleico sobre o metabolismo dos lipidios.

Recentemente, outro estudo foi conduzido por HUGUENIN et al. (2015) em
125 pacientes acometidos por DCV; de ambos os sexos na faixa de idade entre 52 e
71 anos, em tratamento medicamentoso para DCV; os quais receberam diariamente
através da dieta, por um periodo de trés meses, 13 g castanha-do-brasil granulada e
parcialmente desengordurada equivalente a 225.5 ug de Se e a correspondente
quantidade de fitoquimicos antioxidantes e anti-inflamatoérios existentes no
granulado. Os resultados foram benéficos diminuindo os FRDCV com aumento dos
niveis do HDL colesterol e diminuicdo da presséao arterial. Além disso, a atividade da
GPx-3 plasmética aumentou evidenciando a melhora da capacidade antioxidante
nos pacientes.

Os resultados divergentes obtidos em estudos importantes sobre do impacto
do consumo de castanhas e nozes na prevencao de FRDCV foram analisados por
varias meta-andalises que avaliaram as diferencas entre estudos epidemiologicos e
ensaios clinicos que utilizaram a castanha-do-brasil sozinha (GROSSO et al. 2015)
ou associada a outras nozes na dieta (O’NEIL et al. 2015; DEL GOBBO et al. 2015);
as referidas pesquisas concluiram que a ingestdo da castanha-do-brasil sozinha ou

combinada teve efeito positivo na adiposidade, diminuiu os niveis de triglicerideos,
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colesterol LDL e Apo A e elevaram o0s niveis de colesterol HDL na populacéo
testada.

Outra recente meta-analise mostrou que inclusdo de améndoas e sementes
na dieta, incluindo a castanha-do-brasil, estd relacionada com a diminuicdo da
inflamacéo, melhora do perfil lipidico e, com isto, a diminuicdo dos fatores de riscos
de doencas cardiovasculares (FRDCV); interessantemente, o amendoim foi o Gnico

a prevenir o acidente vascular encefalico (AUNE et al. 2016).

Conclusao

A atual revisdo evidencia que a essencialidade do Se na dieta eleva a castanha-
do-brasil a um patamar de consumo mundial. A deficiéncia de Se leva ao
comprometimento global e severo do desenvolvimento da crianca e desequilibrio do
estado de salde do organismo humano e aumento do risco de cancer. Apesar do
efeito anticarcinogénico do cancer colorretal, os estudos sobre o uso da castanha-
do-brasil com fins de quimioprevencédo sdo escassos.

Por outro lado, em relagdo as doencas metabdlicas e DCV, diversas
investigagBes epidemioldgicas e meta-andlises corroboram o efeito benéfico com a
diminuicdo dos FRDCV a partir da inclusdo da castanha-do-brasil na dieta,
especialmente, em individuos com idade acima de 50 anos, o que também expressa
um movimento mundial para melhorar a qualidade nutricional e o estilo de vida desta
populacao.

Diante dos dados descritos nesta revisdo, 0s autores sugerem mais estudos,
especialmente, sobre o potencial efeito anticarcinogénico da castanha-do-brasil,
considerando o estado de saude e os fatores genéticos dos individuos, tais como

polimorfismos de enzimas antioxidantes e de selenoproteinas.
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Superoxide-hydrogen peroxide (S-HP) imbalance genetically caused by a gene polymorphism in the
human manganese superoxide dismutase enzyme (Val16Ala-MnSOD) is associated with several diseases.
Into mitochondria, MnSOD catalyses superoxide radical producing HP and oxygen. Ala-MnSOD genotype
presents a high MnSOD efficiency and generates the highest HP concentrations that has been associated
with the risk of several cancer types. Cellular selenoenzymes glutathione peroxidase and thioredoxin
reductase (TrxR) and catalase (CAT) are essential to HP removal produced in excess in cells. Since,
synthesis and activities of sele; y are seleni pend we hypothesized that AA-MnSOD
cells could have an improvement on antioxidant status undergoing Seleno-L-methionine (SeMet)
treatment. This study performed an in vitro protocol to evaluate the response of peripheral blood
mononuclear cells (PBMC) carriers of different Val16Ala-MnSOD genotypes exposed to SeMet. SeMet
effects on cell viability, apoptosis induction and modulation of oxidative variables were determined using
spectrophotometric, flow cytometry, fluorimetric and immunoassays. Gene modulation of antioxidant
enzymes was also performed by qRT-PCR. From an initial protocol using heterozygous (AV) cells was
determined that InM SeMet presented a cytoprotective effect. However, whereas this concentration did
not change AA viability, in VV cells it was cytotoxic by increasing necrosis events. SeMet induced higher
selenoenzymes levels in AA and VV cells and decreased oxidative markers levels including DNA damage.
The results suggest a pharmacogenetic positive response of SeMet effect on AA-cells. Future studies
in vivo could be essential to evaluate the potential clinical impact of S-HP imbalance after use of foods or
supplements containing SeMet.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

Aerobic cells continually produce different reactive oxygen
species (ROS), such as superoxide radical (O37), as a secondary
product of mitochondrial respiration. Some evidences described 11
different mitochondrial locations that produced O3 |1]. 05 has
biological functions, as an important molecule acting through the
immune system response against different antigenic agents.
However, the excess of this molecule conduces to oxidative stress.
In this sense, 03 excess needs to be removed by enzymatic action,
initially performed by superoxide dismutase enzymes (SOD). One
of the most important antioxidant enzymes is the SOD manganese-
dependent (MnSOD) which acts just into mitochondria. This
enzyme catalyses | 2| the dismutation of 03 to hydrogen peroxide
(H203), which is subsequently reduced to water, mainly by gluta-
thione peroxidase (GPx) and also by thioredoxin reductase (TrxR)
|13.4] The excess of Hy0, that diffuses through mitochondria
membranes to cytosol can be removed by catalase enzyme [5].

MnSOD is encoded by a nuclear gene (MnSOD gene). After
cellular transcription, an inactive cytoplasmic MnSOD protein is
produced, which has a signaling polypeptide sequence called
mitochondrial target sequence (MTS) that triggers the MnSOD
protein into the mitochondria where this molecule becomes an
active antioxidant enzyme 6. In humans, there is a MnSOD single
nucleotide polymorphism (SNP) that results in a nucleotide sub-
stitution, from thymine to cytosine. This MnSOD SNP is located in
exon 2 (rs4880) and changes a valine (V; GTT sequence) to alanine
(A; GCT sequence), codon 16 in chromosome 6, region 6q25.3
(Val16Ala-MnSOD SNP). This genetic modification results in two
MnSOD protein phenotypes: the V-allele produces a beta (f)-sheet
protein and the A-allele produces an alpha («)-helix protein. The
protein conformation change has an important impact on MnSOD
efficiency. It is because the majority of the VV-MnSOD protein is
embedded within the mitochondrial inner membrane leading to
low-efficiency in the O3 to H,0; conversion. On the other hand,
AA-MnSOD protein easily crosses both mitochondrial membranes
increasing MnSOD efficiency | 7.8].

An epidemiological study observed an association between
breast cancer risk and Ala-MnSOD genotype was realized by
Ambrosone et al. [9]. Additionally, this study also demonstrated a
relationship between breast cancer risk and the dietary pattern.
Women with Ala-MnSOD genotype that have high vegetable and
fruit consumption presented decreased breast cancer risk.

From these data, it was hypothesized that high breast cancer
risk associated with Ala-MnSOD genotype could be related with
absent positive feedback of enzymes that catalyzed H,0, to water
into the mitochondria. Consequently, mitochondrial H,0, excess
crossover to cytoplasm can react with transitions metals, such as
ferrous iron (Fe?*), producing hydroxyl radical (OH*) | 10]. The OH*
has a high affinity for DNA, causing mutations and chromosomal
instability that are directly related with carcinogenesis. Addition-
ally, recent metabolic and pharmacological investigations with
in vitro superoxide-hydrogen peroxide (S-HP) imbalance in colo-
rectal and prostate cancer cells corroborate with these hypothesis
[11,12).

Despite all recent investigations were about S-HP imbalance and
cancer risk, there are no scientific evidences describing the inter-
action of the MnSOD polymorphism and the enzymatic regulation,
including GPx and TrxR that catalyses H;0,. To elucidate this
question, the present study analyzed in vitro differential oxidative
metabolism regulation of peripheral blood mononuclear cells
(PBMC) carrier's different Val16Ala-MnSOD genotypes exposed to
seleno-L methionine (SeMet), a molecule that is closely related
with GPx and TrxR synthesis and activities and is found in the most
vegetables and in high amount in the Brazil' nuts [13].

2. Materials and methods
2.1. General experimental design

Three in vitro protocols were performed with PBMC samples
obtained from healthy volunteers previously genotyped for
Val16Ala-MnSOD SNP (Supplementary Material — Fig. 1). The study
here described is part of a research project previously approved by
the Ethics Committee of the Federal University of Santa Maria,
Brazil (N° 23081.015838/201110).

The first in vitro experimental protocol was performed using
only PBMC from volunteers carrying the AV-MnSOD genotype. It
was used to determine the best SeMet concentration that did not
conduct to cytotoxic effects. This determination was realized by
concentration-response curve of mitochondrial metabolism and
cellular viability biomarkers. In the second protocol, PBMC of
different MnSOD genotypes underwent SeMet treatment, and the
viability profile for each genotype was analyzed via flow cytometry
and caspases activities. The third protocol was performed to
determine the SeMet regulation on different antioxidant enzymes,
including selenium dependent or not, and also to measure the ef-
fect of this molecule in oxidant variables and products of oxidation
through several colorimetric, fluorimetric, and molecular assays.

2.2. Sample population and Val16Ala-MnSOD SNP genotyping

All procedures performed in this study involving human vol-
unteers were in accordance with the ethical institutional standards
and/or national research committee and with the 1964 Helsinki
Declaration. Informed consent was obtained from each volunteer.
One hundred and twenty subjects from the Federal University of
Santa Maria (Santa Maria, RS, Brazil) community were invited to
participate in this research. Most of the volunteers were under-
graduate students with similar habitual activities. All subjects
presented similar health, anthropometric and lifestyle conditions,
including no previous history of any chronic degenerative disease
or dysfunction that could influence the results. Exclusion criteria
included smoking habits, obesity, and previous history of non-
transmissible diseases, chronic use of medication or vitamin sup-
plementation, and other dysfunctions. Blood samples were
collected by venous puncture in EDTA anticoagulant tubes.

Val16Ala-MnSOD genotyping was conducted following the
protocol described by Ruiz-Sanz et al. [ 14] with slight adaptations
published by Barbisan et al. [ 15]. The isolation of the genomic DNA
and amplification of the MnSOD gene segment was performed by
amplification refractory mutation system polymerase chain reac-
tion (ARMS-PCR) analysis using the following primers: F1 (for-
ward): CACCAGCACTAGCAGCATGT; F2 (forward): GCAGGCA
GCTGGCTACGGT; R1 (reverse): ACGCCTCCTGGTACTTCTCC; R2
(reverse): CCTGGAGCCCAGATACCCTAAAG. Chi-squared calcula-
tions were performed to determine if samples were in Hardy-
Weinberg equilibrium. From those 120 genotyped subjects, we
selected AA, AV and Val-MnSOD genotype carriers to obtain blood
samples to perform all the in vitro protocols. Each volunteer
donated a minimum of three fasting blood samples for triplicate
analysis. Volunteers were asked to avoid food consumption such as
vegetables and fruits or take vitamin supplements 24 h before the
blood collection, in order to minimize the effects on cellular
oxidative metabolism.

2.3. PBMC cell culture and SeMet treatments
Initially, total blood samples were collected from three volun-

teers just of AV-MnSOD genotype to evaluate SeMet effect dis-
regarding other genotypes. PBMC cells were isolated by
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Fig. 1. Concentration-response SeMet curves of (A) mitochondrial metabolism and (B) cellular viability biomarkers. Data were analyzed by one-way ANOVA followed by the

Dunnet’s test. A p value < 0.05 was considered statistically significant.

Histopaque™ (Sigma-Aldrich — 10771; Sao Paulo, SP, Brazil) density
gradient cell separation in the proportion Histopaque®/total blood
(proportion 1/2) followed by centrifugation at 2.500 rpm for
10 min. The pellet was resuspended in phosphate-buffered saline
(PBS 50 mM, pH 7.4) and centrifuged for three times at the same
conditions. The viable cell concentration was quantified by trypan
blue staining technic. Isolated 5 » 10° PBMC/mL were kept in cell
culture ideal conditions in Roswell Park Memorial Institute (RPMI)
1640 medium (Sigma-Aldrich — R8758; Sao Paulo, SP, Brazil), with
10% of fetal bovine serum (FBS) (Gibco® Thermo Fisher —
10437028), and supplemented with 1% of antibiotic (10,000 U/mL
penicillin; 10 mg/mL streptomycin) (Gibco® Thermo Fisher —
15140122; Sao Paulo, SP, Brazil) in an incubator at 5% CO,, 37 °C, and
humid atmosphere during 24 h. Then, cells were treated with
SeMet at 0, 1.0, 3.0, 10, 30, 100, 300 and 1000 nM during 24 h of
incubation, in order to determine the most effective concentration
of this molecule. In a second moment, total blood samples were
collected from 9 different volunteers (3 of each MnSOD genotype)
following the same cell culture procedures described above to
perform all the another treatments and assays, using only the most
effective concentration of SeMet.

2.4. Mitochondrial metabolism and cellular viability assays

Concentration-response curves were performed for the evalu-
ation of the lowest concentration that causes disturbance on
balanced AV-PBMC. The tested concentrations were 1, 3, 10, 30, 100,
300 and 1000 nM SeMet corresponding to 0.078, 0.2369, 0.78964,
2.3689, 7.8964, 23.689 and 78.964 ng Se/mlL, respectively.

2.4.1. Mitochondrial metabolism evaluation

After AV-MnSOD PBMC treatments with SeMet, cells were
submitted to MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide) (Sigma-Aldrich — M2128; St. Louis, MO,
USA) assay following instructions previously published by Ref. [ 16]
to determine the most effective concentration of SeMet on cell
mitochondrial metabolism from the concentration-response curve.
Absorbance was determined at 560 nm wavelength using a Spec-
traMax* i3 Multimode plate reader (Molecular Devices, Sunnyvale,
CA, USA). MTT assay is an important tool to measure cell viability
and proliferation; however, it can be used as a cellular metabolism
parameter once the MTT reagent needs necessarily to be metabo-
lized by mitochondrial enzymes | 16].

2.4.2. Free double-strand DNA quantification
To confirm the viability results, double-strand (ds) DNA was
measured in supernatant using Quant-IT™ PicoGreen® dsDNA kit

(Thermo Fischer-P7589; Sao Paulo, SP, Brazil). Samples were kept
during 5 min of incubation with the reagent. Fluorescence was
determined at 480 nm of excitation and 520 nm of emission
wavelength to determine cell mortality as described by Ref. [17],
using a SpectraMax” i3 Multimode plate reader (Molecular Devices,
Sunnyvale, CA, USA). The fluorescence emission of each sample is
proportional to the amount of free-(ds) DNA and also to the levels
cell mortality.

2.5. Apoptosis induction measurement

2.5.1. Flow cytometry analysis

Apoptosis induction was measured in PBMC from subjects with
different genotypes of MnSOD enzyme using only the most effec-
tive concentration of SeMet previously determined through the
concentration-response curve. Flow cytometry was performed us-
ing the FITC annexin V Apoptosis Detection Kit [ (BD Pharmingen™:-
556463; San Jose, CA, USA) following the manufacturer's in-
structions. Cells were analyzed using a BD Accuri™ C6 Plus (BD
Pharmingen™; San Jose, CA, USA).

2.5.2. Caspases cascade activity

To complement the apoptosis cascade activation analysis, cas-
pases 1, 3, and 8 activities were quantified in cell culture super-
natant using the Quantikine Human Caspase Immunoassay” (R&D
Systems - KM300; Minneapolis, MN, USA) following the manufac-
turer instructions. The enzyme-linked immunosorbance reaction
was measured by Multiskan® EX plate reader (Thermo Fisher Sci-
entific; Waltham, MA, USA).

2.6. Evaluation of oxidative metabolism regulation

2.6.1. Analysis of oxidant molecules

The effect of SeMet in MnSOD PBMC on total levels of ROS was
also evaluated by 2,7 dichlorodihydrofluorescein diacetate (DCFH-
DA) (Sigma-Aldrich-D6883; St. Louis, MO, USA) assay following
instructions described by Ref. | 18] to measure total levels of ROS in
each treated sample. Fluorescence emission was determined at
488 nm of excitation and 525 nm of emission wavelength.

Superoxide radical (Oze-) was also measured through a colori-
metric protocol following instructions published by Ref. [19] to
evaluate the generation of this molecule under different conditions
of oxidative metabolism found in different MnSOD genotypes.
Absorbance was determined at 540 nm wavelength.

As nitric oxide (NO) is an important signaling molecule at
several reactions and under imbalanced conditions acts as an
oxidant molecule, total cellular levels of NO were quantified
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through a colorimetric assay by organic nitrate detection as pre-
viously described by Ref. | 20]. Absorbance was measured at 540 nm
wavelength.

All these three different assays to evaluate oxidant molecules
were analyzed in a SpectraMax® i3 Multimode plate reader (Mo-
lecular Devices, Sunnyvale, CA, USA).

2.6.2. Catalytic activity and gene expression of antioxidant enzymes

The influence of SeMet on enzymatic activity of different anti-
oxidant enzymes was evaluated through spectrophotometric as-
says. Total SOD activity was measured as previously described by
Spitz and Oberley | 21]; CAT activity was determined following Aebi
(1984) instructions [22]; GPx activity was assayed using an indirect
classical method published by Paglia and Valentine [23] based on
the oxidation of NADPH; TrxR enzyme activity was calculated
following instructions previously published by Bjornstedt et al.
[24]. Also, to complement the enzimatic activity evaluations, gene
expression of each antioxidant enzyme was determined by qRT-
PCR. After all the treatments the RNA was extracted using Trizol*
reagent (Thermo Fischer-15586026; Sao Paulo, SP, Brazil). RNA was
quantified by NanoDrop™ 1000 Spectrophotometer System*
(Thermo Scientific, Wilmington, DE, USA). Then, RNA samples were
converted to complementary DNA (cDNA) using a QuantiTect”
Reverse Transcription Kit (Qiagen-205311; Sao Paulo, SP, Brazil).
Real time PCR was performed as previously described by Machado
etal..[25] using a QuantiFast SYBR* Green PCR Kit (Qiagen-204054;
Sao Paulo, SP, Brazil) in a real time machine Rotor Gene”™ Q (Qiagen;
Sao Paulo, SP, Brazil). The specific SOD1, SOD2, CAT, GPx, and TrxR
primers are described below (Table 1). Beta-actin (B-actin) was
used as housekeeping gene to normalize all gene expression of
tested samples.

2.6.3. Analysis of products of oxidation

Lipid peroxidation was determined in SeMet treated PBMC from
subjects of different Mn-SOD genotype through thiobarbituric acid
reactive substances (TBARS) spectrophotometric assay, following
instructions described by Ref. [26]. The reaction between malon-
dialdehyde (MDA) and thiobarbituric acid was measured at 535 nm.

The effect of SeMet treatment at intracellular proteins was
analyzed by a spectrophotometric assay to investigate protein
carbonylation, following instructions published by Ref. [27]. Dif-
ferential colorimetric formation was measured at 370 nm.

Additionally, to explore possible DNA oxidation induced by the
SeMet treatment, 8-hydroxy-2'-deoxyguanosine (8-OHdG) evalu-
ation was performed by immunosorbent assay using Bioxytech® Kit
following the manufacturer's instruction.

2.7. Statistical analysis

Allele frequencies were estimated using Chi square analysis to
estimate the Hardy—Weinberg equilibrium. All experiments are
realized in three independent times. Data were firstly analyzed
with Microsoft Excel software to calculate media and standard
deviation. All oxidative metabolism data were normalized by mg of

protein. The concentration-response SeMet curve was analyzed by
one-way analysis of variance followed by the Dunnet's test. All
others assays' results were analyzed using paired Student’s t-test. A
p value < 0.05 was considered statistically significant. All variables
were analyzed with Graph Pad Prism software version 6.01.

3. Results
3.1. Sample population and Val16Ala-MnSOD SNP genotyping

The MnSOD genotype frequencies were as follow: VV (n = 33,
27.5%), AA (n = 32, 26.7%) and AV (n = 55, 45.8%) (Supplementary
material — Fig. 1). The frequencies were in Hardy-Weinberg equi-
librium (p = 0.361). From these samples (Supplementary material

Table 1) were selected subjects with similar lifestyle pattern to
perform in vitro protocols.

3.2. Mitochondrial metabolism and cellular viability

Mitochondrial metabolism and cellular viability assays were
performed to select the most effective concentration of SeMet in
PBMC. These initial assays were conducted only in cells from AV-
MnSOD genotype subjects to evaluate the general effect of
different concentrations of SeMet, disregarding other MnSOD ge-
notypes. All SeMet concentrations were able to decrease PBMC
mitochondrial metabolism compared to negative control at MTT
assay (Fig. | A). However, from 10 to 1000 nM of SeMet a significant
decrease of free dsDNA in supernatant was observed, being a
biomarker of cellular viability (Fig. | B). On the other hand, in the
same time that 1 nM of SeMet presented mitochondrial meta-
bolism reduction the cell viability was kept similarly to negative
control. In this sense, all other treatments and experiments of
PBMC from subjects of different MnSOD genotypes were performed
using only 1 nM of SeMet.

3.3. Apoptosis induction

Apoptosis induction measurements were performed in PBMC
from donators of different MnSOD genotypes exposed to 1 nM of
SeMet during 24 h. Flow cytometry analysis (Fig. 2 A) showed a
SeMet non-cytotoxic effect in AA and AV MnSOD genotypes.
However, in VV-MnSOD cells a significant increase of necrotic cell
population and the reduction of live cells amount after SeMet
exposition were observed compared to untreated cells. On the
other hand, caspases 1, 3 and 8 activities (Fig. 2 B) were reduced
after SeMet 24 h exposition compared to untreated cells for all
MnSOD genotypes.

3.4. Oxidative metabolism

MnSOD genotypes cellular oxidative metabolism response after
SeMet exposition was assessed through several experimental var-
iables (Table 2). Different oxidant molecules were analyzed after
PBMC treatments. The presence of 1 nM SeMet significantly

Table 1

Primer sequences used for Quantitative Real Time PCR (qRT-PCR).
Genes Primers

Forward Sequence Reverse Sequence

B-actin TGTGGATCAGCAAGCAGGAGTA TGCGCAAGTTAGGTTTTGTCA
MnSOD GCACACTGGTGGTCCATGAA ACACCACAAGCCAAACGACTT
CuZnSOD GCCCTGGAACCTCACATCAA GGTACTTCTCCTCGGTGACGTT
GPx-1 GGTTTTCATCTATGAGGGTGTTTCC GCCTTGGTCTGGCAGAGACT
TrxR GCCCTGCAAGACTCTCGAAATTA GCCCATAAGCATTCTCATAGACGA
CAT GATAGCCTTCGACCCAAGCA ATGGCGGTGAGTGTCAGGAT
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d control group within each

group was compared with the

genotype by Student’s t-test. A p value < 0.05 was considered statistically significant. (B) Caspase activities response. Interaction between Val16Ala-MnSOD gene polymorphism and

1 nM SeMet treatment on PBMC of different pes. Ti

group was c

d with the untreated control group within each genotype by Student’s t-test. A p value < 0.05

was considered statistically significant. Different letters express significant difference between groups.

increased total levels of ROS in AA-MnSOD cells, and decreased in
AV-MnSOD cells. Additionally, cellular levels of O,e- were reduced
in AA and VV MnSOD genotypes, while this molecule was increased
in AV subjects. Whereas, NO cellular production was also signifi-
cantly decreased in AA-MnSOD cells and increased in VV-MnSOD
cells following 1 nM SeMet exposition. Complementing the
oxidative metabolism regulation analysis, antioxidant enzymes
activities were measured. Treated AA-MnSOD cells presented sig-
nificant increased levels of SOD, GPx, TrxR, but not CAT compared to
untreated cells, AV-MnSOD cells exposed to SeMet showed
decreased activity of all antioxidant enzymes (SOD, GPx, and TrxR)
evaluated in this study, except for CAT, while VV-MnSOD PBMC
indicated increased activity levels of GPx, CAT, and TrxR enzymes.
However, for this genotype SOD activity was reduced after SeMet
exposition. With the aim to explain the antioxidant enzymes
regulation, gene expression analysis was also performed (Fig. 3).
Compared to untreated cells, SeMet treated AA-MnSOD PBMC
presented overexpression of SOD1 and SOD2. However, TrxR and
CAT gene expression were decreased for this genotype while non-
significant result was observed for GPx-1 enzyme gene expres-
sion. Additionally, AV-MnSOD genotype antioxidant enzymes gene
expression was also modulated by 1 nM SeMet exposure, these cells
showed downregulation of SOD1, SOD2, GPx, and mainly CAT, while
TrxR gene expression was upregulated compared to AV-MnSOD

negative control. Moreover, in VV-MnSOD PBMC, SeMet nega-
tively modulated all antioxidant enzymes gene expression, except
TrxR that was significantly upregulated compared to VV-MnSOD
PBMC negative control.

Finally, to complete all the cellular oxidative variables, different
oxidation markers were assessed through colorimetric and enzy-
matic assays. The obtained results showed that AA-MnSOD PBMC
treated with 1 nM SeMet presented reduction of all oxidation
products biomarkers evaluated, significantly decreasing lipid per-
oxidation, protein carbonylation, and DNA damage, compared to
AA-MnSOD PBMC negative control. A similar profile of response
was observed in AV-MnSOD cells, when exposed to SeMet, protein
carbonylation and DNA damage reduced drastically, however, there
was no significant result observed for lipid peroxidation. On the
other hand, VV-MnSOD PBMC had increased levels protein oxida-
tion, while TBARS levels were similar in comparison with negative
control and 8-OHdG was decreased.

4. Discussion

The present investigation was realized based on the hypothesis
that SeMet could improve the functionality of selenoenzymes GPx-
1 and TrxR, minimizing AA-MnSOD imbalance which seemed to
produce high H0; levels due to major MnSOD enzymatic efficiency
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Table 2

PBMC carriers of Val 16Ala-MnSOD genotype exposed to 1 nM SeMet were compared with correspondent negative control. PBMC were maintained in RPMI culture medium for
48 h. Oxidative metabolism variables were analyzed. Statistical analysis data were plotted as mean + standard deviation and analyzed using Student's t-test. A p value < 0.05
was considered statistically significant. ODs., optical density at 540 nm; ODss,, optical density at 550 nm; ptn, protein.

Vall6Ala-genotypes AA AV w
Control  SeMet  Mean pvalue  Control  SeMet Mean pvalue Control SeMet  Mean p value
Diff. (%) Diff Diff. (%)
(%).
Superoxide radical 0.559 0.470 —16.000 <0001 0418 0474 +13400 <0001 0659 0477 —-27.600 <0.0001
(ODssq x 10 3/mg ptn) +0016  £0.051 +0.024 :0.012 +0015 +0.032
ROS 143.881 158319 +10.000 <001 169.659 154.258 -9.100 <001 159483 165.771 +3.900 NS
(Fluorescence Intensity x 10*/mg ptn) ~ +4.787  +0.964 +6303  +3.687 +4615 +3.148
Nitric Oxide 107.115 98254 -9908 <001 114035 110264 -4.146 NS 107.240 118,537 +10.240 <0.001
(ODszq x 10~%/mg ptn) +3319 3715 +2.469  +4.559 +1.373  +1.627
SoD 4.730 5.838 +23.400 <0.0001 2871 2529 ~11.900 <0005 2625 1.510 -42500 <0.0001
(U SOD/mg ptn) +0.057 +0.238 +0.141  £0,129 +0.163  +0.134
GPx-1 1.346 1.733 +28.780 <0.0001 2.002 0274 -86.300 <0.0001 2042 5.781 +183.00 <0.0001
(umol of oxidized NADPH /min/mg ptn) +0.06 +0.030 +0.054 10.026 +0.036 +0.026
TrxR 49084 62925 428200 <0.0001 29.118 28989 12400 <00001 15868 21.628 +36.300 <0.0001
(nmol of reduced DTNB/min/mg ptn) +0427 +0.596 0380 0593 +0356 +0.932
CAT 2.440 2177 —10.800 <0.0001 1.062 3.666 +245.100 <0.0001 1315 1.606 +22.110 <0,0001
(nmol of reduced H,0, /min/mg ptn)  +0.025 +0.039 +0.021  +0.041 +0.039 +0.031
TBARS 0.110 0.067 38900 <0.0001 0.075 0.074 -2.300 NS 0.054 0.055 +2400 NS
(umol MDA/mg ptn) +0.002 +0.004 +0.001  £0.002 +0.002  +0.001
Protein carbonyl 2711 2357 —22400 <0005 2928 2350 —19.700  <0.0001 2505 2.849 +13.700 <0.01
(nmol carbonilated protein/mg ptn) +0.062* +0.051 40111 +0.137 +0291 10015
8-0OHdG 2507 1.638 ~34.700 <0.0001 3.107 2394 23000 <0,0001 3.590 3.139 12600 <0.05
(ng/mg ptn) +0.177  +£0.068 £0.172  £0.120 0232 1008

compared to AV and Val-MnSOD genotypes [2]. In general, results
corroborated this hypothesis tested from an experimental study
with different MnSOD genotypes volunteers, using PBMC samples.
As selenoproteins play an important role in controlling the con-
centration of oxidant molecules at immune cells [28,29], initially, a
concentration-response SeMet curve was performed using just
balanced AV-SOD cells. This analysis was used to select the most
effective concentration of this molecule disregarding MnSOD ge-
notypes differences. All SeMet concentrations tested in this study
were able to reduce cellular mitochondrial metabolism compared
to negative control. Additionally, 1 and 3 nM of SeMet presented a
similar cellular viability profile when compared to untreated cells
whereas 10—1000 nM decreased dsDNA released from cells to
extracellular medium. The global evaluation of concentration-
response curves evidenced a mitochondrial metabolic decline
condition and not cell mortality. The selected concentration was
based on the fact that AV MnSOD-PBMC were S-HP balanced cells.
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Fig. 3. Gene expression of group was compared with the un-
treated control group by Student’s t-test. A p value < 0.05 was considered statistically
significant. Different letters express significant difference between groups.

Further, SeMet can cause lymphocyte toxicity through the gener-
ation of superoxide radical from reaction to produce selenide anion
(RSe™) [30], also is known that Se-containing molecules as SeMet
cause negative chemical modification on the proteins and on redox
status of enzymes [31]. In this sense, a minimum concentration of
1 nM SeMet was chosen as the most effective concentration to
develop all the additional treatments and experiments on all
genotypes.

A particular pathway which can drastically influence immune
cells homeostasis, viability, proliferation, and cell cycle conditions
is the apoptosis | 32|. Apoptosis activation of PBMC exposed to 1 nM
of SeMet was measured through flow cytometry analysis and cas-
pases cascade activity. Both of these assays showed non-cytotoxic
effect of SeMet after 24 h of exposition for AA and AV-MnSOD ge-
notypes, except for VV-MnSOD cells where necrotic cellular pop-
ulation increased after SeMet treatment analyzed via flow
cytometry, and it seems to be a SeMet cell mortality induction in-
fluence specifically at this MnSOD genotype. On the other hand, all
MnSOD genotypes presented reduced levels of initiators and ef-
fectors caspases (caspase 1, 3, and 8) activities after SeMet treat-
ment. These obtained results suggest a non-influence MnSOD
polymorphism effect to SeMet exposition for apoptotic activation,
since all PBMC MnSOD genotypes presented similar cell status in
the flow cytometry, between treated and untreated cells, and
reduced caspase cascade activation after SeMet exposure.

We observed that PBMC from different MnSOD genotypes
exposed to SeMet had individual response after 24 h of treatment
(Fig. 4). SeMet seems to act directly in the cellular mitochondria
modulating specially selenium dependent enzymes, including GPx
and TrxR enzymes, compared to the basal levels. These modulations
are suggestive to significantly change oxidative molecules pro-
duction, products of oxidation, producing a positive or negative
nuclear gene expression feedback.

All the oxidative metabolism variables were measured in un-
treated cells to evaluate the basal standards considering MnSOD
genotypes differences. As previously hypothesized 6], SOD activity
was increased in AA-MnSOD cells while it was decreased in VV-
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In this context, SeMet molecule can interact positively to modulate oxidative metabolism. The utilization of SeMet in cells is d.
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MnSOD cells compared to AV-MnSOD PBMC. Additionally, TrxR
activity followed MnSOD genotypes response. AA-MnSOD cells
presented high levels of TrxR enzyme while VV-MnSOD cells had
lower TrxR activity. TrxR activity modulation dependent of MnSOD
genotype is suggestive to be an alternative pathway to preserve
cellular oxidative balance. GPx has limited cellular synthesis and
activity [33], in this sense, we observed that the cells increased or
decreased TrxR activity to recover and maintain cellular homeo-
stasis, as this enzyme acts synergistically and in a compensatory
manner with GPx enzyme in response to high or low levels of H,0;
[34]. However, the interaction of this polymorphism with mole-
cules that acted on H0, modulation, such as SeMet, had not been
deeply investigated.

In this study, under SeMet exposition, all MnSOD genotypes
presented similar modulated profiles of GPx and TrxR activities.
These enzymes are selenium dependent proteins [35] and TrxR is
able to control selenoprotein synthesis, for example GPx, once TrxR
participates in selenium metabolism catalyzing selenium-selenium

interactions [36] as well as regulating selenium utilization [37],
justifying our finds. Both AA and VV-MnSOD cells exposed to 1 nM
of SeMet increased GPx and TrxR activities. On the other hand, AV~
MnSOD PBMC presented reduced levels of these antioxidant en-
zymes, except CAT. It can be explained in the fact that CAT is a se-
lenium non-dependent enzyme [38], in these terms, SeMet is not
capable to modulate CAT positively, except under SeMet toxicity
situations through the O3~ generation into cytosol provide of trans-
selenation pathway |39]. The O3~ is the activator of complexes I and
1l of catalase as described by Shimizu et al. [40]. In addition, in same
time that NO can interact with 03~ resulting in formation of per-
oxynitrite, and catalase is able to consume NO by oxidation and
decompose hydrogen peroxide as well as peroxynitrite [5]. How-
ever, only VV-MnSOD cells followed GPx and TrxR standard of
response for CAT enzyme, but not for SOD activity, in parallel,
protein carbonylation was increased. Protein carbonilated is
considered the major biomarker of oxidative stress because this
modifications are in general irreversible [41]. All MnSOD genotypes
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presented SOD 1 and SOD2 gene expression in a similar way found
for total SOD activity, both enzymes gene expression was increased
at AA-MnSOD cells and decreased at AV and VV-MnSOD PBMC.
However, all the other antioxidant enzymes did not show similar
gene expression response with enzymatic activities, suggesting a
SeMet non-nuclear function. Moreover, in a review about seleno-
proteins effect in human health were described that Sec had a post
transcriptional synthesis, influencing at translational step through
Sec substitution in the ribosome, acting only in the tRNA, but not
directly in the DNA, explaining the gene expression feedback
observed for the mostly antioxidant enzymes evaluated in this
study [42]. The utilization of SeMet is dependent of trans-selena-
tion pathway to synthesis of selenide anion (HSe ") that is catabo-
lized by selenophosphate sintethase 2 (SPS2) to Se-donor
selenophosphate (SePhp). After this, selenocysteine (Sec) biosyn-
thesis process is realized directly on its tRNA denominate tRNA Ser]
s through selenocysteine synthase and finally, UGA stop codon in
mRNA sequence is translated to Sec resulting in a determined
selenoproteins [ 13].

Seleno-dependent antioxidant enzymes, such as GPx and TrxR,
are capable to modulate oxidative molecules production and
consequently they can modify oxidation products on cells under a
metabolic imbalance. The results here observed for GPx, and
specially TrxR, modulation through SeMet pathway, seems to
directly alter possible cellular damages as lipid peroxidation [24]
and consequently DNA damage. All Mn-SOD genotypes presented
decreased levels of 8-OHdG under SeMet exposure, while lipid
peroxidation was reduced mainly in Ala-MnSOD genotype probably
by H»0, balancing. Additionally, protein carbonylation also fol-
lowed the same profile of TBARS and 8-OHdG, being reduced after
1 nM SeMet treatment, except for Val-MnSOD genotype. Perhaps
VV-MnSOD present increased levels of protein carbonylation under
SeMet exposition by ROS and NO total levels. Also, oxidative stress
caused by increased levels of ROS and NO can cleave lateral protein
chains compromising its function. Thiol modification in proteins
through selenylsulfide bonds may cause structural changes and
functional inactivation. In mammals, essential regulatory proteins
containing thiols, for example signal transduction kinases as c-Jun
N-terminal kinase [43], protein kinase C [44] as well as transcrip-
tion factor NF-kB [45] are targets of oxidation by presence of
selenium-containing molecules.

Another important fact is that superoxide radical is able to
inactivate the active site of GPx by oxidation, maintaining this
antioxidant enzyme in an intracellular stored status [46]. In this
sense, decreased levels of superoxide radical can influence the GPx
activity. AA and Val-MnSOD genotypes cells exposed to SeMet
presented reduced levels of superoxide radical and an expected
increased GPx activity. On the other hand, AV-MnSOD genotype
responded to 1 nM SeMet with increased superoxide radical
amount [29,47], also justifying GPx activity reduction and CAT
increased activity, as CAT in this case can act as a secondary
pathway to prevent peroxynitrite production and cellular damages
[5].

In general, our results support Ambrosone's hypothesis that a
diet rich in fruits and vegetables can act to minimize the increase in
breast cancer risk associated with AA genotype [9,48]. The treat-
ment on PBMC was realized with SeMet because it is available in
vegetables and in high concentration in the Brazil' nuts. In the
present study, AA-PBMC, when treated with SeMet, improved their
antioxidant status, mainly by increasing the activities of GPx-1 and
TrxR and decreasing most oxidant variables. In the same way, VV-
PBMC showed improvement in their antioxidant status despite
cell viability decrease. On the other hand, AV-MnSOD cells pre-
sented a toxicogenetic response on intermediary oxidative meta-
bolism, a reductive stress, when exposed to SeMet. These results

showed that the functional role of SeMet was dependent of basal
oxidative metabolism in PBMC. Therefore, the analysis of antioxi-
dant and oxidant variables, including enzyme genes expression,
confirmed that the effect of SeMet treatment on PBMC was highly
influenced by MnSOD genetics. Previous investigations also
described some pharmacogenomic, pharmacogenetic as well as
toxicogenetic influences of the Vall6Ala-MnSOD gene poly-
morphism on PBMC exposed to several factors, such as ultraviolet
radiation [49), clomiphene citrate |50|, methotrexate |15, meth-
ylmercury [51] and resveratrol [52].

The expression of different selenoproteins is dependent of
specific regulator factors and substrates in each cell type and in
different tissues |53]. The resistance of selenoproteins to selenium
status or oxidative stress variation is related to its physiological
importance, as example within members of the GPx family, GPx-2
is the most resistant, followed by GPx-4, GPx-3 or GPx-1. GPx-1 as
well as TrxR-1 are essential to maintain PBMC immunocompetence
and apoptosis control. Under conditions that GPx-1 efficiency was
affected by selenium deprivation or had its expression at maximal
limit, the storage of this enzyme in cells is responsible for recov-
ering its activity in an immediate manner; in the same time that
TrxR expression was extremely positively responsive to selenium
supply [ 13]. Studies realized on lymphocytes by Wu et al. (2009)
|31] suggested that SeMet enhanced genome stability at concen-
trations ranging from 125 pg Se/L (1.6 tM) to 430 pg/L Se/L (5.5 nM)
and was cytotoxic at supraphysiological levels (23.5 uM).

The potential anticancer property | 54| and cytoprotective role of
selenium in chemotherapy [55] could justify current researches
about the management of cancer therapy using selenium mole-
cules. Studies in vitro suggested the differential sensitivity to SeMet
among different breast cancer cells types. For example, MCF7/S
invasive ductal cells showed low sensitivity to SeMet, decreasing
cell growth only at higher SeMet concentrations (100 to 1000 uM)
|56]. On the other hand, SeMet was cytotoxic at 113 nM concen-
tration on MDA-MB-231 ductal cancer cells. In this case, non-
tumorigenic mammary epithelial cells require a high concentra-
tion of SeMet (87.9 uM) to increase mortality rate. In the same time
HEP-Hepatome cells showed intermediate sensitivity when SeMet
exposed [57]. There are some studies that described selenium effect
on chemotherapeutic sensibility of cancer cells. This is the case of
Park et al. investigation [ 54|, which described no sensitivity of MCF-
7 cells exposed to selenium, whereas selenium on MDA-MB-231
cells acted as an anticancer agent. Moreover, the synergism of
Docetaxel with selenium caused a decrease on cellular growth. The
authors highlight in the present study the PBMC response to SeMet
at very low concentrations (1 nM). However, results described here
suggest that Val16Ala-MnSOD polymorphism could present some
effect on different cancer cell types. Therefore, future investigations
using SeMet concentrations (1 nM to 5.5 uM) on MDA-MB-231 and
MCF-7 cells considering S-HP imbalance are important to be per-
formed to clarify the potential SeMet chemopreventive effects.

5. Conclusions

In general, the results presented here indicate some positive
effect of SeMet on AA-imbalanced cells. However, considering all
the methodological limitations found in vitro investigations it is
necessary to develop complementary studies using another
experimental models, such as in vivo experiments, to confirm the
evidences described in this study. Finally, in front of the evidences
we became aware about the relevance of more studies with aim to
determine the antioxidant status on humans after consumption of
foods or supplements rich in SeMet. This hypothesis is suggested as
a promising approach to achieve cellular oxidative metabolism
homeostasis and investigate the potential decrease of cancer risk in
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in vivo studies using personalized diet or supplements containing
SeMet.
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4 ARTIGO 3 - THE INTERACTION BETWEEN A CHEMICAL SUPEROXIDE-
HYDROGEN PEROXIDE IMBALANCE AND BRAZIL NUT AQUEOUS EXTRACT
REGULATES THE OXIDATIVE METABOLISM OF HFF-1 FIBROBLASTS IN A
NUTRIGENOMIC MANNER
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Dear Editors:

On behalf of all collaborators, | would like to submit the manuscript entitled:
“The Interaction Between a Chemical Superoxide-Hydrogen Peroxide Imbalance and
Brazil Nut Aqueous Extract Regulates the Oxidative Metabolism of HFF-1 Fibroblasts
in a Nutrigenomic Manner”, by Karen Lilian Schott, Charles Elias Assmann, Cibele
Ferreira Teixeira, Aline Augusti Boligon, Samuel Rodrigo Waechter, Fabio Andrei
Duarte, Euler Esteves Ribeiro, and Ivana Beatrice Ménica da Cruz for publication in
Redox Biology.

The work presented here is part of a larger project that investigates the
impact of the Val16Ala-SOD2 gene polymorphism in health and diseases, addressed
in many studies performed by our research team in recent years. The Vall6Ala-

SOD2 gene polymorphism is a single nucleotide polymorphism (SNP) in the
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superoxide dismutase enzyme, which realizes the conversion of superoxide anion
(02" into hydrogen peroxide (H.O,). However, carriers of the AA genotype have a
greater amount of the SOD2 enzyme into the mitochondria due to structural changes
that make the enzyme more suitable for passing through the mitochondrial
membranes, leading to a higher conversion rate of O,~ to H,O, Whereas AA
genotype carriers have more H,O, inside the cell, VV genotype carriers have higher
levels of O, . Either the higher amounts of one reactive oxygen species (ROS) or
another leads to an imbalanced redox status in homozygous subjects, that we are
calling superoxide-hydrogen peroxide (S-HP) imbalance. The disturbance in cellular
homeostasis for this specific SNP has been associated to a higher cancer risk for AA
genotype carriers or to cancer aggressiveness for the VV genotype. Nevertheless,
the intake of fruits and vegetables rich in antioxidant molecules could benefit
homozygous subjects as postulated by Ambrosone et al. (1999). Brazil nut is such a
candidate food due to the presence of a rich nutritional matrix composed by many
bioactive phytochemicals and essential Selenium in the form of Seleno-L-methionine,
recently investigated by our team to improve the antioxidant status of human immune
cells, especially those of the AA-genotype (Schott et al., 2017). Taking into account
the benefits of isolated molecules, it could be hypothesized that Brazil nut could exert
a positive effect on cells that present an inherited imbalanced redox status.

Considering the main focus of this research, we believe that the study
described here could be suitable for publication in Redox Biology.

This work is original and is not under consideration by another journal. All
authors have read and agreed for the publication of this paper. The authors declare
that there are no conflicts of interest.

Kind regards,

s

Ivana Beatrice Manica da Cruz

Corresponding Author



58

MnTBAP and Paraquat molecules chemically-mimic AA- and VV-SOD2-like
genotypes in human fibroblasts.

Brazil nut aqueous extract (BNAE) effects on oxidative metabolism variables
were not influenced by the S-HP imbalance.

AA- and VV-SOD2-like human fibroblasts treated with BNAE improved their
antioxidant status.

BNAE modulated gene expression of antioxidant enzymes in a nutrigenomic

manner.
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Abstract

This study investigated whether Brazil nut aqueous extract (BNAE) modified oxidative

metabolism of HFF-1 human fibroblast cells submitted to a chemical superoxide-
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hydrogen peroxide (S-HP) imbalance by exposure to Paraquat, which increases S
levels or porphyrin, a SOD2-like molecule, which increases HP levels. A BNAE was
produced and chemically characterized; Selenium (Se) amounts were also quantified.
Further, culture media of balanced and imbalanced cells by Paraquat (VV-SOD2-like)
or porphyrin (AA-SOD2-like) were supplemented with different BNAE concentrations,
and the effect of these interactions on fibroblasts growth and antioxidant metabolism
was addressed. The most effective concentration of BNAE that increased cell growth
and decreased oxidative parameters in both imbalanced cells was 75 ng Se/mL.
Moreover, complementary analysis showed that this effect occurred due to the
modulation of antioxidant enzymes genes. Whereas in AA-SOD2-like cells,
thioredoxin reductase (TrxR) gene was upregulated, in VV-SOD2-like cells, an
upregulation of glutathione peroxidase (GPx-1) gene expression was observed.
These results suggest that BNAE has nutrigenomic effects depending on the S-HP
status of cells, been able to decrease negative effects, in both directions of the S-HP
imbalance. This study suggests that habitual BN intake could help subjects with a

genetic S-HP imbalance to improve the antioxidant metabolism.

Keywords: Vall6Ala-SOD2; Selenium; Seleno-L-Methionine; Paraquat; MnTBAP;

Redox status.

Abbreviations: Ala, alanine; BN, Brazil nut; BNs, Brazil nuts; BNAE, Brazil nut aqueous extract; CAT, catalase (E.C. 1.11.1.6);
DCFH-DA, 2',7'-Dichlorodihydrofluorescein diacetate; DMBA, 7,12-dimethylbenz[a]anthracene; DMEM, Dulbecco’s Modified
Eagle Medium; FBS, Fetal Bovine Serum; GPx, glutathione peroxidase (EC 1.11.1.9); Glutathione reduced form (GSH);
Glutathione oxidized form (GSSG); HFF-1, Human Foreskin Fibroblast Cell Line; HPLC-DAD, High performance liquid
chromatography — Diode-array detection; ICP-MS, Inductively Coupled Plasma — Mass Spectrometry ; MnTBAP, Manganese
(1) tetrakis (4-benzoic acid) porphyrin chloride; NADPH, Nicotinamide Adenine dinucleotide phosphate reduced; NO, nitric
oxide; O", superoxide radical; OH’, hydroxyl radical; Paraquat, 1,1’-Dimethyl-4,4-Bipyridinium dichloride hydrate; PBS,
phosphate-buffered saline; ROS, Reactive Oxygen Species; SD, standard deviation; Se, Selenium; Sec, selenocysteine amino
acid; SeMet, seleno-L-methionine; S-HP, Superoxide-hydrogen peroxide; SNP, single nucleotide polymorphism; SOD,
superoxide dismutase (EC 1.15.1.1); TBARS, thiobarbituric acid reactive substances; tRNA, transfer ribonucleic acid;
tRNA[Ser]Sec, selenocysteine designated tRNA; TrxR, thioredoxin reductase (EC 1.8.1.9); Val, valine; Vall6Ala-SOD2, human
manganese-dependent superoxide dismutase enzyme gene polymorphism.

1. Introduction

The mitochondrial manganese-dependent superoxide dismutase (SOD2)

antioxidant enzyme acts as a superoxide (O,") scavenger, generating hydrogen
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peroxide (H20O-) uninterruptedly in aerobic cells. SOD2 is a key enzyme in the control
of oxidative molecules into mitochondria and cells, and its imbalance can cause
extensive body dysfunctions [1]. This assumption was determined especially by
studies involving a single nucleotide polymorphism (SNP) present in the 16 codon of
the SOD2 gene (rs4880) named Vall6Ala-SOD2 SNP [2].

SOD?2 is encoded by a nuclear gene and its non-active protein produced in the
cytoplasm must be transported into the mitochondria to became a functional enzyme.
This transportation is mediated by the presence of a little peptide named
mitochondrial target sequence (MTS) in the SOD2 protein. However, the SNP
present in the MTS gene sequence produces different alleles (V and A), which
directly influence the SOD2 protein conformation. Whereas V allele originates a -
sheet SOD2 protein, A allele originates an a-helix SOD2 protein. A-SOD2 enters
more easily into the mitochondria, whereas V-SOD2 is partially trapped within the
mitochondrial membranes [3].

The human Vall6Ala-SOD2 SNP results in a superoxide-hydrogen peroxide
(S-HP) imbalance in both homozygous genotypes. Into the mitochondria, the Ala/Ala
genotype presents approximately 30-40% higher enzyme amounts than the VV
genotype [3,4]. AA genotype has been associated with the risk of some cancer types,
whereas VV genotype, that presents higher O, levels has been associated with
cancer aggressiveness [5-8]. However, there are some evidence that dietary
patterns could minimize the AA cancer-risk helping cells to a S-HP rebalance [9-11].

This effect could be associated to the improvement in the capacity to
scavenge H,O,, produced at high levels into AA-cells. To test this hypothesis Schott
et al. (2017) [12] performed an in vitro study in which peripheral blood mononuclear

cells (PBMCs) carriers of different Vall6Ala-SOD2 genotypes were exposed to
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seleno-L-methionine (SeMet). Results showed that SeMet increased antioxidant
status of AA-SOD?2 cells [12].

However, the potential effect of fruits rich in Selenium (Se) was not tested yet.
This is the case of Brazil nut (BN), Bertholletia excelsa (Lecythidaceae), a fruit native
from the Amazon Rainforest [13,14]. BN has the highest Se concentration and it also
presents a rich nutritional matrix containing proteins, unsaturated fatty acids,
vitamins, carbohydrates and antioxidant polyphenols. Moreover, BN seeds contain
cysteine, an amino acid precursor of glutathione (GSH), a thiol tripeptide essential for
maintaining the oxidative metabolism homeostasis [15].

To test BN effects on the antioxidant status of S-HP imbalance cells, we
adapted a previous in vitro pharmacological S-HP imbalance model that was initially
studied in cancer cells [16,17] to a non-cancer commercial fibroblast cell line (HFF-1).
The interaction between S-HP imbalance and a BN aqueous extract (BNAE) was
studied by analysis of cellular growth, concentration of different oxidative markers, as

well as antioxidant genes modulation.

2. Material and methods

2.1 BNAE production

Brazil nuts (BNs) were obtained from the public market of Santa Maria City,
Rio Grande do Sul State, Brazil. The seeds were individually weighted and
granulated in a multiprocessor (Philips, Sdo Paulo, Brazil), fractioned in Teflon PTFE
flasks containing each one 9.6 g of total homogenate, and stocked at -80°C. For

extraction procedures, 9.6 g of total homogenate was added to 200 mL of ultrapure
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water at 85°C into a borosilicate bottle and mixed vigorously using a mixer (Philips,
Séo Paulo, Brazil) for 10 minutes.

The homogeneous suspension was transferred to a separation funnel and
decanted for 30 min at ambient temperature. Further, the aqueous intermediary
phase was collected, filtered through a paper filter and concentrated in a rotatory
evaporator (Rotavapor® R-300, Buchi Brasil Ltda., Sdo Paulo, Brazil) at 50°C and 96
mbar until reaching 10 mL. Further, extract was fractionated in 2 mL Eppendorf®
microtubes and maintained at -80°C until utilization. Ultrapure water was obtained
from a Milli-Q® system (Merk Millipore, S&o Paulo, Brazil).

All glass material was decontaminated for metals and trace elements by

immersion in HNO3 10% ethanolic solution for 72 h followed by rigorous rinse.

2.2 BNAE chemical characterization

BNAE was characterized by high-performance liquid chromatography (HPLC-
DAD) performed with a Shimadzu Prominence Auto Sampler (SIL-20A) HPLC system
(Shimadzu, Kyoto, Japan), equipped with Shimadzu LC-20AT reciprocating pumps
connected to a DGU 20A5 degasser with a CBM 20A integrator, SPD-M20A diode-
array detector and LC solution 1.22 SP1 software. All chemicals were of analytical
grade. Methanol, acetic acid, phosphoric acid, gallic acid, catechin, resveratrol,
ellagic acid, epicatechin, rutin, quercetin and kaempferol were purchased from Merck
(Darmstadt, Germany).

The BNAE was filtered through 0.45 pm syring filter (Merck Millipore Brazil®,
Séao Paulo, Brazil) and was injected onto reversed phase Phenomenex Cjig column
(4.6 mm x 250 mm) packed with 5 pm diameter particles (Phenomenex® S&do Paulo,

Brazil). The mobile phases were 0.5% (v/v) aqueous phosphoric acid (solvent A) and
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1% (v/v) acetic acid in methanol (solvent B). The binary elution system was as
follows: 2% B at initial 5 min to wash the column, a linear gradient was 8% B (15
min), 12% B (30 min), 24% B (45 min). After 50 min, the organic phase concentration
was brought back to 2% (B) and lasted 10 min for column equilibration. Flow rate of
0.6 mL/min and injection volume 40 ul [18]. The wavelengths used were 254 nm for
gallic acid and ellagic acid; 280 nm for catechin and epicatechin; 327 nm for
resveratrol; and 365 nm for rutin, quercetin and kaempferol. The extract and mobile
phase were filtered through 0.45 ym membrane filter (Merck Millipore Brazil®, S&o
Paulo, Brazil) and thus degassed by ultrasonic bath prior to use. Stock solutions of
standards references were prepared in the HPLC mobile phase at a concentration
range of 0.030 — 0.500 mg/mL. Chromatography peaks were confirmed by comparing
its retention time with those of reference standards and by DAD spectra (200 to 500
nm). All chromatography operations were carried out at ambient temperature and in
triplicate. Calibration curve for catechin: Y = 11957x + 1348.3 (r = 0.9998); ellagic
acid: Y = 12563x + 1185.9 (r = 0.9995); gallic acid: Y = 14262x + 1075.1 (r = 0.9999);
epicatechin: Y = 13840x + 1319.0 (r = 0.9998); resveratrol: Y = 12945x + 1367.6 (r =
0.9996); quercetin: Y = 10937x + 1275.3 (r = 0.9999); rutin: Y = 11810x + 1098.2 (r =
0.9995) and kaempferol: Y = 11495x + 1386.2 (r = 0.9997).

The limit of detection (LOD) and limit of quantification (LOQ) were calculated
based on the standard deviation of the responses and the slope using three
independent analytical curves. LOD and LOQ were calculated as 3.3 and 10 o/S,
respectively, where o is the standard deviation of the response and S is the slope of

the calibration curve [19].
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2.4 Determination of Se concentration in the BNAE

About 200 mg of sample was weighted, which was left at ambient
temperature for 12 h with 6 mL of 14.4 mol/L HNO3. Afterwards, the digestion was
done in a closed system with microwaves radiation heating (Multiwave 3000°,
Microwave Sample Preparation System, Anton Paar GmbH, Graz, Austria), using
Teflon PTFE flasks. After decomposition, the digests were transferred to
polypropylene vials and gauged to 25 mL with ultrapure water.

The determination of Se was performed by Inductively Coupled Plasma —
Mass Spectrometry (ICP-MS) employing a NexION® 300/350 model spectrometer
(PerkinElmer, Thornhill, Canada), equipped with concentric nebulizer, cyclone
nebulizer chamber and injector torch Quartz with a 2 mm internal diameter. The
power used was 1400 W and the argon flow rate was 18.0, 1.2 and 1.05 L/ min, for
the main, auxiliary and nebulizing gas, respectively. The determinations were made

using the #Se isotope.

2.3 Cell culture and chemical S-HP imbalance production

Fibroblasts of the HFF-1 cell line (ATCC® SCRC-1041™) were purchased
from the American Type Culture Collection (ATCC, Manassas, VA, USA). Cells were
cultured using DMEM - Dulbecco’s Modified Eagle Medium (Gibco® Thermo Fisher
Scientific — 1196509; Sao Paulo, SP, Brazil) supplemented with 15% of FBS - fetal
bovine serum (Gibco® Thermo Fisher Scientific — 12657029; S&o Paulo, SP, Brazil)
and 10,000 U/mL penicillin / 10 mg/mL streptomycin (Gibco® Thermo Fisher Scientific

—15140122; Sao Paulo, SP, Brazil) at 37°C in a humidified 5% CO, atmosphere. To
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carry out all protocols HFF-1 cells were counted in a Neubauer chamber using
Trypan blue® exclusion dye. The initial cellular concentration was 5 x 10° cells/mL for
all protocols.

To produce chemical S-HP imbalance we exposed HFF-1 cells to 1,1-
dimethyl-4,4-bipyridinium dichloride (Paraquat) (Syngenta Brazil, Sdo Paulo, SP
Brazil), which triggers increase in S levels leading an oxidative status similar to VV-
genotype, and manganese (lll) tetrakis (4-benzoic acid) porphyrin chloride (MNTBAP)
(Sigma-Aldrich — 453161; Sdo Paulo, SP, Brazil), which triggers increase of HP
levels similar to AA genotype. Fibroblast exposed to Paraquat were named VV-SOD2

like cells, whereas fibroblast exposed to MNTBAP were named AA-SOD?2 like cells.

2.4 Interaction between S-HP imbalance and BNAE

Three protocols (Fig. 1) were performed in order to study the interaction
between S-HP fibroblast imbalance and BNAE on cellular growth and oxidative
indicators modulation. In the first protocol, both MnTBAP and Paraquat
concentration-effect curves were performed in order to select concentrations that
increased O, and H,0, levels to about 20% when compared to control balanced
group. The curve of MnTBAP and Paraquat chemicals was performed with the
following concentrations: 0, 0.01, 0.03, 0.1, 0.3, and 0.9 pM.

The second protocol evaluated the effect of a BNAE concentration-effect curve
(0, 1.25, 2.5, 25, 50, 75, 100, and 125 ng Se/ mL) on fibroblast balanced-cells.
Finally, the third protocol studied the interaction between S-HP imbalance and BNAE.
In this protocol, the selected concentrations of MNnTBAP and Paraquat which

validated the S-HP imbalance model were treated with 0, 1.25, 2.5, 25, 50, 75, 100,
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and 125 ng Se/ mL BNAE concentrations to evaluate chemical and biological
interactions. From this analysis, we selected the most effective BNAE concentration
that increased cellular growth of VV- and AA-SOD?2 like cells to evaluate its effect on
the modulation of oxidative metabolism indicators and antioxidant enzymes gene

expression.

2.6 Cellular growth and cytotoxicity assays

Two different assays were used to evaluate fibroblast cell culture growth and
cytotoxicity: Crystal violet staining assay and double-strand (ds) DNA gquantification.
In the crystal violet staining assay, cellular growth of cells was detected using crystal
violet dye, which binds to proteins and DNA of adherent cells. Cells that undergo cell
death lose their adherence and are subsequently lost from the population of cells,
reducing the amount of crystal violet staining in a culture. In brief, cell culture plates
were washed with phosphate-buffered saline (PBS 50 mM, pH 7.4) to remove dead
cells; live cells were stained and fixed with 0.2% crystal violet dye dissolved in 2%
ethanol solution for 30 minutes at 37°C. After, the excess of dye was discarded and
plates were washed by immersion into abundant water. The excess of water was
removed by inversion onto absorbent paper and dried at room temperature. After 48
h, cellular growth was determined by dye dissolving with 1% sodium dodecyl
sulphate (SDS) and the absorbance was measured at 550 nm wavelength as
previously described by Cubillos-Rojas et al. (2014) [20].

The dsDNA was quantified in cell culture supernatant using the Quant-IT™
PicoGreen® dsDNA fluorescent dye (Thermo Fischer Scientific - P7589; Sdo Paulo,

SP, Brazil), as previously described by Ha et al. (2011) [21]. Samples were incubated
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for 5 min protected from light at ambient temperature; and after excited at 480 nm
and the fluorescence emission intensity was measured at 520 nm wavelength using a

SpectraMax® i3 Multimode plate reader (Molecular Devices, Sunnyvale, CA, USA).

2.7 Evaluation of oxidative metabolism indicators

2.7.1 Analysis of oxidant molecules

Determination of oxidative metabolism parameters, total ROS and O, levels
was realized for all protocols, whereas Nitric oxide (‘NO) levels and oxidation
products measurement (TBARS and protein carbonylation) were performed only in
the Protocol 4. The consumption of total ROS was determined by the 2,7'-
dichlorofluorescein diacetate fluorimetric assay (DCF-DA) [22] with fluorescence
measured using excitation and emission wavelengths of 488 nm and 525 nm,
respectively. The O, levels was performed according to the method previously
described by Rauen et al. (2000) [23]. The ‘NO levels were quantified by the Griess

spectrophotometric method at 540 nm wavelength [24].

2.7.2. Analysis of products of oxidation

Lipid peroxidation was spectrophotometrically estimated through the
formation of thiobarbituric acid reactive substances (TBARS) as previously described
by Jentzsch et al. (1996) [25] and protein carbonylation according to Levine et al.

(1990) [26] , using 532 nm and 370 nm wavelengths, respectively.
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2.8 Analysis of antioxidant enzymes gene expression

The investigation of antioxidant enzymes gene expression was performed to
verify the modulation of BNAE on imbalanced HFF-1 cells by quantitative real-time
polymerase chain reaction (qRT-PCR) analysis. The expression levels of five
different genes involved in oxidative metabolism regulation, namely: copper/zinc-
dependent superoxide dismutase 1 (SOD1), manganese-dependent superoxide
dismutase 2 (SOD?2), glutathione peroxidase 1 (GPx-1), thioredoxin reductase 1
(TrxR-1) and catalase (CAT) were measured by qRT-PCR analysis using a similar
approach to that described by Barbisan et al. (2014) [27]. Briefly, total RNA was
isolated using TRIzol® reagent and quantified using a NanoDrop™ 1000
Spectrophotometer System® (Thermo Fisher Scientific, Wilmington, DE, USA). cDNA
was obtained with the iScript™ cDNA Synthesis Kit (Bio-Rad Laboratories, Hercules,
CA, USA) and gRT-PCR assay was performed with the QuantiFast SYBR® Green
PCR Kit (Qiagen, Sdo Paulo, SP, Brazil) in a Rotor Gene® Q equipment (Qiagen,
Sé&o Paulo, SP, Brazil). The specific SOD1, SOD2, GPx-1, TrxR-1 and CAT forward
and reverse primer sequences are described below (Table 1). The B-actin
housekeeping gene was used as an internal control. Relative gene expression was
calculated using the comparative Ct method and was expressed as fold expression

relative to the control.
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TABLE 1 HERE

2.9 Statistical analysis

Data were firstly validated by mean and standard deviation calculations and
values differing more than 10% (outliers) from the mean were excluded. Data were
then normalized by the mean of cellular growth and, subsequently, transformed to
percentage of negative control using Microsoft® Excel® software. After, all data were
compared by one- or two-way analysis of variance followed by Tukey’s post hoc test
using GraphPad Prism® 6.0 version software. For all analysis, p<0.05 was

considered statistically significant. All experiments were performed in triplicate.
3. Results

3.1 BNAE chemical characterization

Eight different main bioactive molecules were found in BNAE: gallic acid,
catechin, resveratrol, ellagic acid, epicatechin, rutin, quercetin and kaempferol
(Figure 2). The representative peaks of the phytochemical molecules are shown in
figure 2. Peaks 1, 2, 3, 4, 5, 6, 7 and 8 were identified as gallic acid, catechin,
resveratrol, ellagic acid, epicatechin, rutin, quercetin and kaempferol, respectively.
Gallic acid, resveratrol, epicatechin and kaempferol were the phytochemicals found in
higher amounts in the BNAE (Table 2). A complementary analysis showed a Se

concentration of 2.09.£.0.10 pg/mL in BNAE.
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3.2 S-HP imbalance and BNAE on cellular growth and oxidative markers of fibroblast

cells

Concentration-effect curves were performed to determine the effect of
stressors and BNAE on fibroblasts. The concentration to decrease cellular growth
around 20% and increase dsDNA levels to approximately 35% was 0.9 uM for both
MnTBAP and Paraquat treatments (Fig. 3 A and C). At this concentration ROS levels
increased in both treatments whereas O, levels significantly increased only in
fibroblasts treated with Paraquat (Fig. 3 B and D), validating our S-HP model.

A concentration-effect curve of BNAE was also performed to evaluate the
cytotoxic effects of BNAE on HFF-1 cells. Cell growth increased in a concentration
manner and overall, the maximum levels of cellular growth were 85% higher in cells
treated with BNAE at 75 ng Se/mL, whereas dsDNA levels decreased 36% at 75 ng
Se/mL BNAE when compared to negative control (Fig. 3 E). At the same time, ROS
and Oy~ levels significantly decreased in a concentration manner, with the minimal

levels of ROS found at 75 ng Se/mL BNAE concentration (Fig. 3 F).
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3.3 Interaction between S-HP imbalance and BNAE on fibroblast cells

AA-SOD2-like fibroblasts treated with BNAE concentrations strongly increased
cell growth in a concentration manner (1.25-75 ng Se/mL BNAE) when compared to
positive control. The increment on cell growth was higher when cells were exposed at
75 ng Se/mL BNAE concentration. Data analysis of dsDNA assay showed a
decrease in the cytotoxicity for cells treated with the BNAE for all concentrations
when compared to positive control. When ROS and O, levels were investigated, a
significant increase in these reactive species production was found. BNAE
concentrations showed to decrease the levels of ROS and O,~ for almost all
concentrations when compared to positive control for both assays (Figure 4 A).

In the AA-SOD2-like model, MNTBAP concentration of 0.9 uM confirmed the
MnTBAP-induced AA-genotype showing a decrease in cellular growth using the
crystal violet staining assay. Surprisingly, the effect observed for all assays was
similar to the found for the VV-SOD2-like model. Cellular growth significantly
increased in fibroblasts treated with BNAE concentrations whereas dsDNA levels and
oxidative metabolism variables, such as ROS and O, levels, decreased in cells
BNAE-treated (Figure 4 B).

Oxidative metabolism variables and enzyme gene expression were analysed
to evaluate the potential beneficial effect of BNAE selected concentration (75 ng
Se/mL) on HFF-1 imbalanced cells (Fig. 5). The complete chemical composition of
Se effective concentration and proportional amounts of phytochemical molecules in
BNAE that was used on S-HP imbalanced HFF-1 fibroblasts are shown below (Table

3).
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Oxidative metabolism parameters evaluated in this protocol, namely ROS, O,
, NO, TBARS and protein carbonylation (PC) levels, significantly increased in the
AA- and VV-SOD2-like genotypes. Treatment with the selected concentration of
BNAE containing 75 ng Se/mL was able to significantly decrease the oxidative
metabolism parameters when compared with the respective positive controls in the

S-HP imbalance models (Fig. 5 A).

FIGURE 5 HERE

Gene expression analysis revealed that the in vitro AA- and VV-SOD2-like
models and BNAE differentially modulated gene expression of antioxidant enzymes
of the intrinsic antioxidant system (Fig. 5 B). For SOD1, only BNAE significantly
increased the levels of this enzyme in the VV-SOD2-like model whereas the other
treatments decreased gene expression. SOD2 gene expression analysis showed a
significant decrease in the expression of this enzyme in the VV-SOD2-like whereas
AA-SOD2-like and BNAE had increased expression of this enzyme, especially in VV-
SOD2-like cells treated with BNAE selected concentration.

For enzymes such as GPx-1 and TrxR-1, closely dependent on Se
metabolism, gene expression analysis revealed that treatment with BNAE selected
concentration was able to significantly increase the expression of GPx-1 and TrxR-1
in the VV-SOD2-like and AA-SOD?2-like models, respectively. For GPx-1, all other

treatments decreased the expression of this enzyme. For CAT, a significant increase
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in the expression of this enzyme was found in both AA- and VV- SOD2-like HFF-1

cells and BNAE selected concentration did further increase CAT enzyme expression.

4. Discussion

The present study explored the possible beneficial nutrigenomic effect that
BNAE treatment could have on cells of homozygous subjects for the human
Vall6Ala-SOD2 gene polymorphism (AA- and VV-SOD2 genotypes), that present an
inherited imbalanced redox status. To perform this test, we validated here an in vitro
model using MNTBAP and Paraquat chemicals to produce a S-HP imbalanced redox
status on HFF-1 human fibroblasts.

Fibroblasts were chosen because these cells are widely distributed throughout
the body, interacting with other cellular types to execute various physiological
functions, and could thereby serve as a S-HP imbalance model to explore the redox
status of cells exposed to chemicals and natural products [28].

Cells were exposed either to MNnTBAP, which is a SOD2-like molecule or to
Paraquat, which generates high levels of O, in the cytosol and mitochondria [28].
MnTBAP and Paraquat at the same molar concentration (0.9 uM) increased the
production of H,O, and O, respectively, proven that our model was able to generate
an in vitro S-HP imbalance on human fibroblasts. Complementary, we also found that
MnTBAP and Paraquat decreased cellular growth to around 20% at the same molar
concentration, suggesting that the chemically-induced imbalance could be toxic in
some way for cells, due to the generation of ROS that could not be effectively
neutralized by the endogenous antioxidant system of redox imbalanced individuals.

Despite these findings, BNAE treatment was able to revert the oxidative stress of
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fibroblasts exposed to both stressors. In addition, the results of our study showed that
the effect of BNAE on human fibroblasts in terms of oxidative metabolism variables
and antioxidant enzyme gene expression was not directly influenced by the S-HP
imbalance.

ROS production was among the oxidative metabolism variables addressed
here. ROS, at low levels, are involved in many physiological processes such as
cellular growth and differentiation, being also indispensable for signalling processes.
On the other hand, high ROS levels recruit endogenous and/or exogenous
antioxidant systems in order to prevent cell damages [29]. Once oxidative stress is a
key regulator mechanism in many disease processes, it can be suggested that the
antioxidant molecules found in BNAE could act as beneficial phytochemicals against
ROS production.

In fact, components of both exogenous and endogenous antioxidant systems
contribute to alleviate oxidative stress and help to protect cells from ROS generation,
also interacting to spare or replace each other [30]. An important ROS scavenger
capacity can be attributed to BNAE phytochemicals, especially for polyphenols
identified in the extract. Previous studies correlate the consumption of polyphenols,
such as resveratrol, with a protective effect against numerous diseases, such as
diabetes, cancer, inflammatory, neurodegenerative and cardiovascular diseases [30].

As part of the endogenous antioxidant system, GPx-1 and TrxR-1
selenoenzymes rely on Se supply for its synthesis and correct functioning [31]. It is
well-known that BNs contain high amounts of Se in the organic form of SeMet, a
naturally occurring amino acid which is randomly incorporated into proteins instead of
Methionine (Met) [32] and also cysteine, a precursor for glutathione [33] and TrxR

synthesis [34].
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In our study, we showed that the effects of BNAE on gene expression of
antioxidant enzymes of both SOD2-like fibroblasts were different from those found
when immune cells carriers of AA- and VV-SOD2 genotypes were treated with
purified SeMet [12]. Here, BNAE was able to promote a balance between mammalian
glutathione (GSH) and thioredoxin (Trx) systems with similar GPx-1 gene expression
and TrxR-1 upregulation in AA-SOD2-like fibroblasts, whereas VV-SOD2-like
fibroblasts had highly upregulated GPx-1 gene expression and unaltered TrxR-1
expression.

These findings suggest that the BNAE could provide an homeostasis on the
regulation of mammalian GSH and Trx systems once these can act as free radical
scavengers and serve as backup systems for each other as postulated previously by
Lu and Holmgren (2012) [35]. GSH and Trx systems are the most prominent
reductive systems in mammalian cells, and among other already mentioned
enzymes, help to protect against oxidative damages in order to regulate signalling
pathways. If Se intake is diminished, there could be an inefficient production of
selenoproteins and selenoenzymes which in turn leaves the cell more vulnerable to
oxidative damages. Moreover, the regulation of both GSH and Trx systems are TrxR-
1 dependent via Nrf2 transcription factor in the absence and presence of Se. The
Nrf2-Keapl response system (not investigated here) could be also activated by ROS
and reactive nitrogen species (RNS) to coordinate cellular responses to oxidative and
electrophilic stress [36].

SOD and CAT antioxidant enzymes are likewise part of the endogenous
antioxidant system and are well-known for their ROS scavenger properties, once they
realize the conversion of O, to H,O, (SOD) and, posteriorly to water and molecular

oxygen (CAT) [29]. The increased expression of both SOD1 (cytoplasmic) and SOD2
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(mitochondrial) enzyme genes, especially in the VV-SOD2-like model, could be
explained due to the supplementation of cells with BNAE, once BNs contain bioactive
antioxidant molecules such as resveratrol, quercetin and epicatechin [37].
Complementary, CAT expression was increased in both SOD2-like models,
demonstrating some nutrigenomic effect of BNAE as well.

It is known that BN is rich in several phytochemicals, mineral elements (Mg,
Ca, Fe, Cu ,Cr, Se), vitamins, such as Vitamin B3 e B6, many proteins and amino
acids, fibres and unsaturated fatty acids [38]. Taking into account the above
mentioned chemical constituents of BN, its inclusion in moderate amounts as a diet
component have been widely investigated. BN consumption has been shown
beneficial for the remission and prevention of cardiovascular diseases risk factors in
heterogeneous populations as described in a recent review [39]. Overall, a decrease
in the risk factors for cardiovascular diseases (like heart attacks and stroke) and
associated diseases such as obesity, hypertension, hypercholesterolemia and type 2
diabetes mellitus was found in subjects that consumed BN regularly [40—43].

In the case of cancer, the use of BN and Se-derived molecules as
chemopreventive agents is still in debate, due to contrary results found in literature
data. In the case of Se-derived molecules, organic purified SeMet and SeMet-rich
selenized-yeast (Se-yeast) have been investigated as chemopreventive agents in
double-blinded, randomized, placebo-controlled Phase Il human clinical trials but the
results lead to rejection of SeMet/Se-yeast as cancer prevention agents [44, 45].

On the other hand, the chemopreventive effect of Se-containing BN was
proposed in animals by Ip and Lisk at 1994 [46] once the parallel treatment with
sodium selenite (Na,SeO3), a Se-derived molecule, showed similar results. More

recently, an investigation performed by Hu et al. (2016) [47] postulated that the intake
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of moderate concentrations of BN (48 ug Se/day for consecutive 6 weeks) could be
beneficial for the remission of colorectal cancer risk factors, once this type of cancer
is associated with a gene polymorphism in selenoprotein P.

Based on these diverse results, Nicastro and Dunn (2013) [48] suggested that
Se biology should be taking into consideration to choose appropriate intake forms of
Se, possibly associated with a rich nutritional matrix similarly to that found in BN. In
addition, gene polymorphisms, especially those found in selenoproteins, seem to be
important criteria for the use of BN for chemopreventive effect.

The results found in our study suggest the relevance of the chemically-induced
S-HP imbalance once AA- and VV-SOD2-like genotypes showed a similar regulatory
mechanism in relation to oxidative metabolism indicators. However, it seems that the
chemically-induced S-HP imbalance does not influence the effect of BNAE treatment,
suggesting a nutrigenomic effect on the modulation of antioxidant enzyme gene
expression and oxidative metabolism parameters. In a contrary manner, a previous
work performed by Capeleto et al. (2015) [10] described that the anti-inflammatory
effects of purified resveratrol on AA- and VV-SOD2 genotypes of human immune
cells are influenced by the Vall6Ala-SOD2 gene polymorphism.

In general, despite some differential gene expression regulation, cells treated
with  BNAE presented a higher expression level of the antioxidant enzymes,
suggesting that BNAE was able to revert the oxidative stress generated by both
stressors, and also presented an increase in cellular growth, possibly due to the
antioxidant properties of BNAE chemical constituents. Further, we suggest that the
nutrigenomic effects observed for AA- and VV-like fibroblasts could be due to the

BNAE nutritional matrix rather than isolated constituents, such as resveratrol and
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SeMet, since previous studies observed nutrigenetic effects when human PBMCs

were exposed to these substances alone.

5. Conclusion

In conclusion, the present work suggests the relevance of the S-HP imbalance
in health and disease for human subjects as previously investigated in other studies.
Also, we provide evidence that diet components rich in bioactive molecules and trace
essential elements, such as BN, could positively impact subjects’ health improving
their antioxidant status and maintaining cellular homeostasis. Despite some
methodological limitations of our study, our results suggest the plausible
extrapolation to in vivo studies to confirm the potential benefits of BN intake for

human subjects.
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Figure Captions

Fig. 1. General experimental design.

Fig. 2. Representative HPLC analysis of BNAE using standard and spectral analysis.
Peaks 1, 2, 3, 4, 5, 6, 7 and 8 were identified as gallic acid, catechin, resveratrol,

ellagic acid, epicatechin, rutin, quercetin and kaempferol, respectively.

Fig. 3. Concentration-effect curves were performed in parallel for the validation of the
S-HP imbalance model and to evaluate BNAE cytotoxicity on fibroblasts. MNTBAP [
a) CV and dsDNA, b) ROS and O], Paraquat [c) CV and dsDNA, d) ROS and O,"]
and BNAE [ e) CV and dsDNA, f) ROS and O,~]. Data were analyzed by one-way
ANOVA followed by Tukey’s post hoc test. p<0.05 was considered statistically
significant. The error bars show the SD (n=3). CV, crystal violet; dsDNA, double-

strand DNA; ROS, reactive oxygen species and O, superoxide radical.

Fig. 4. Concentration-effect curves were performed to determine the interaction
between BNAE concentrations and the chemically-induced S-HP models: AA-SOD2-
like [4 A) CV, dsDNA, ROS and O, ] and VV-SOD2-like [4 B) CV, dsDNA, ROS and
0O,"]. Data were analyzed by two-way ANOVA followed by Tukey’s post hoc test.
p<0.05 was considered statistically significant. Significance levels are indicated by
different letters. The errors bars show the SD (n=3). CV, crystal violet; dsDNA,

double-strand DNA; ROS, reactive oxygen species and O, ", superoxide radical.
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Fig. 5. Oxidative metabolism variables [(5 A) ROS, O,~, 'NO, TBARS, PC] and
enzyme gene expression [(5 B) SOD1, SOD2, GPx-1, TrxR-1 and CAT] were
analysed to evaluate the potential beneficial effect of BNAE selected concentration.
Data were analyzed by two-way ANOVA followed by Tukey’'s post hoc test. p<0.05
was considered statistically significant. Significant differences are indicated by
different letters. The errors bars show the SD (n=3). ROS, reactive oxygen species
and Oy, superoxide radical; ‘NO, nitric oxide; TBARS, thiobarbituric acid reactive

substances and PC, protein carbonylation.
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Table 1
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Forward and reverse primer sequences used to perform gene expression. analysis

Genes

Primers

Forward sequence

Reverse sequence

B-actin  TGTGGATCAGCAAGCAGGAGTA TGCGCAAGTTAGGTTTTGTCA
SOD1 GCCCTGGAACCTCACATCAA GGTACTTCTCCTCGGTGACGTT
SOD2 GCACACTGGTGGTCCATGAA ACACCACAAGCCAAACGACTT
GPx-1  GGTTTTCATCTATGAGGGTGTTTCC GCCTTGGTCTGGCAGAGACT
TrxR-1 GCCCTGCAAGACTCTCGAAATTA GCCCATAAGCATTCTCATAGACGA
CAT GATAGCCTTCGACCCAAGCA ATGGCGGTGAGTGTCAGGAT




Table 2

Table 2

Phytochemicals BNAE -ob S

mg/mL pg/mL  ug/mL
Gallic acid 5.68 +0.01 0.017  0.055
Catechin 0.63 +0.03 0.008 0.026
Resveratrol 3.71 £0.02 0.023 0.076
Ellagic acid 1.85 +0.01 0.029 0.095
Epicatechin 4.02 +0.01 0.014  0.047
Rutin 0.69 +0.04 0.011  0.036
Quercetin 1.97 £0.01 0.028 0.092
Kaempferol 1.93 +£0.03 0.025 0.082

Phytochemical composition of Brazil nut aqueous extract (BNAE)
Results were expressed as mean + standard deviation (SD) of three determinations.
LOD: limit of detection and LOQ: limit of quantification.



Table 3

Table 3

Chemical composition of BNAE selected concentration

Selenium

Polyphenol molecules
Gallic acid

Catechin

Resveratrol

Ellagic acid

Epicatechin

Rutin

Quercetin

Kaempferol

75 ng/mL BNAE -~ 1000 nM =1 uM Se

mg/mL BNAE
0,2130
0,0236
0,1391
0,0694
0,1508
0,0259
0,0739
0,0724

1ng se/mL=0.0133 nM Se
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Figure 1

Experimental design
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Protocol 1. Brazil nut aqueous extract preparation, phytochemical characterization and
quantification by HPLC-DAD and selenium determination by ICP-MS.

Protocol 2. Concentration-response curves were performed with stressors for determination of
S-HP imbalance model and BNAE cytotoxicity on fibroblasts HFF-1 cell line.

5x10% HFF-1/mL

Stressors and BNAE
concentrations

Evaluation

0

150 pL cellular
suspension
Resting

24

+ 50 L stressors
and BNAE were
added in parallel

48 Time (h)

Cellular growth,
ROS and Oz~

Protocol 3. Concentration-response curve was performed with BNAE concentrations on S-HP
imbalanced model chemically-induced.

suspension
Resting

added in parallel

4.1. Oxidative metabolis

replaced for new 150
uL and 50 uL BNAE
were added

Stressors selected BNAE
5x10% HFF-1/mL concentration concentrations Evaluation
0 24 48 72 Time (h)
150 pL cellular 50 pL stressors were | Medium was Cellular growth,

ROS and Oz

Protocol 4. S-HP imbalanced chemically-induced model with BNAE selected concentration.
m variables determination

suspension
Resting

4.2. Antioxidant enzyme

were added in
parallel

replaced for new 750
uL and 250 uL BNAE
was added

gene expression evaluation

Stressors selected BNAE selected
5x10% HFF-1/mL concentration concentration Evaluation
0 24 48 72 Time (h)
750 pL cellular 250 pL stressors Medium was Cellular growth,

ROS, Oz
NO, TBARS and PC

suspension
Resting

were added in
parallel

replaced for new
1500 pL and 500 pL
BNAE was added

Stressors: MnTBAP and Paraquat; BNAE: Brazil nut aqueous extract.
Cellular growth: crystal violet staining on cell and double-strand DNA (ds-DNA) on supernatant.
Negative control received medium instead treatment volumes.

Selected stressors BNAE selected
5x105 HFF-1/mL concentration concentration Evaluation
0 48 72 Time (h)
1500 pL cellular 500 pL stressors Medium was Antioxidant enzyme

gene expression
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Figure 3
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Figure 4
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Figure 5
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5 DISCUSSAO

Em uma visédo global, o trabalho de reviséo da literatura contemplou mais de
duas décadas de estudo sobre os beneficios da inclusdo da castanha-do-brasil na
dieta, iniciando pelo trabalho de IP e LISK (1994) que consagrou a ideia de que esta
semente possui potencial efeito anticarcinogénico. Da mesma forma benéfica,
individuos acometidos ou com fatores de risco para doengas metabdlicas ou
cardiovasculares mostraram uma resposta positiva a quantidades moderadas de
castanha-do-brasil na dieta.

Considerando os beneficios dos constituintes quimicos da castanha-do-brasil
(ALASALVAR; BOLLING, 2015b; CARDOSO et al., 2016; JOHN; SHAHIDI, 2010;
O’NEIL; FULGONI; NICKLAS, 2015), sua inclusdo em quantidades moderadas como
componente da dieta tem sido amplamente investigada. O consumo de castanha-do-
brasil mostrou-se benéfico para a remissdo e prevencdo de fatores de risco de
doencas cardiovasculares em populacdes heterogéneas conforme descrito em uma
revisdo recente (GROSSO et al., 2015). No geral, uma diminuicdo nos fatores de
risco para doencas cardiovasculares (como ataques cardiacos e acidentes
vasculares cerebrais) e doencas associadas, como obesidade, hipertensao,
hipercolesterolemia e diabetes mellitus tipo 2, foi encontrada em individuos que
consumiam castanha-do-brasil regularmente (HUGUENIN et al., 2015; O’NEIL;
FULGONI; NICKLAS, 2015; DEL GOBBO et al., 2015).

O uso da castanha-do-brasil na prevencédo do cancer estd em debate desde
gue o seu efeito quimiopreventivo foi proposto por IP e LISK (1994) em um estudo
que utilizou um modelo de cancer de mama induzido por DMBA em ratos. Os
resultados mostraram efeito anticarcinogénico associado ao Se nas cobaias, uma
vez que o tratamento em paralelo com selenito de sédio (Na2SeO3) apresentou
resultados similares.

No entanto, em humanos, quando s&o utilizadas moléculas ou alimentos
contendo Se com propriedades antioxidantes os fatores genéticos devem ser
considerados. No polimorfismo genético Vall6Ala-SOD2, a maior eficiéncia da
SOD2 no genotipo AA produz altos niveis de H,O, em comparagdo com 0sS
genotipos AV e VV-SOD2, em contrapartida maiores niveis de O, séo atribuidos ao
genotipo VV. Assim, o desbalan¢co S-PH gerado no gendtipo AA foi associado ao

desenvolvimento de céncer e, ao maior risco de acometimento de doencas
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cardiometabdlicas e vasculares no genétipo VV (BRESCIANI et al., 2013). Apesar de
haver um consenso da relacdo entre as DCNT e o polimorfismo da SOD2, a
interacdo deste polimorfismo com moléculas que atuam na modulacdo de H,O,,
como a SeMet, ndo havia sido profundamente investigada.

Nos estudos in vitro realizados no presente trabalho, utilizamos células
humanas e testamos a hipétese gerada na investigacdo de AMBROSONE et al.
(1999), a qual demonstra que mulheres AA-SOD2, as quais relataram inclusdo de
vegetais e frutas na dieta, diminuiram expressivamente o risco de cancer de mama.
Este referido trabalho tem uma importancia chave para explicar a resposta individual
diante da intervencéo dietética.

Em funcdo disso, investigamos a regulacdo do metabolismo oxidativo
considerando a hipé6tese de que a SeMet poderia melhorar a funcionalidade das
(seleno)enzimas no sentido de minimizar o desequilibrio oxidativo nas células. Dois
diferentes protocolos foram realizados. No protocolo 1, a SeMet purificada foi
utilizada em CMSP humanas. No protocolo 2 utilizou-se SeMet associada a matriz
quimica do EACB em fibroblastos HFF-1 S-PH desbalanceados quimicamente.

No primeiro protocolo, o uso da SeMet purificada foi baseado no fato de que
as selenoenzimas GPx-1 e TrxR-1 desempenham um papel essencial no controle da
concentragdo de moléculas oxidantes na CMSP (KUPPUSAMY et al.,, 2005;
SPALLHOLZ; PALACE; REID, 2004). As CMSP foram extraidas do sangue total
oriundo de voluntarios portadores de diferentes gendétipos da SOD2, AA, AV e
VV-SOD2.

Inicialmente, uma curva de concentragcédo-efeito de SeMet foi realizada em
CMSP AV-SOD2 S-PH balanceadas. Todas as concentracdes de SeMet testadas
neste estudo foram capazes de reduzir o metabolismo mitocondrial em comparacao
com o controle negativo. Adicionalmente, 1 e 3 nM de SeMet apresentaram um perfil
de viabilidade celular, nivel de dsDNA, similar ao controle negativo. A avaliacao
global das curvas concentracdo-efeito evidenciou uma condicdo de declinio da
atividade metabdlica mitocondrial e ndo a mortalidade celular. A concentracdo
selecionada foi de 1 nM SeMet que teve um declinio abrupto do metabolismo
mitocondrial comparado ao controle negativo.

Uma via que pode influenciar drasticamente a homeostase das células
imunes, viabilidade, proliferagdo e condicbes do ciclo celular € a apoptose
(LARABEE; HOCKER; HANAS, 2009). A ativacao da apoptose das CMSP expostas
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a 1 nM de SeMet foi medida através de andlise de citometria de fluxo e atividade das
proteinas da castata das caspases.

Ambos 0s ensaios mostraram efeito nao citotoxico da SeMet 1 nM apés 24h
de exposicdo para gendtipos AA e AV-SOD2, exceto para as células VV-SOD2,
onde a populacdo celular necrética aumentou apdés o tratamento com SeMet
analisado por meio de citometria de fluxo. Uma influéncia de indug&o de mortalidade
celular SeMet ocorreu especificamente neste genétipo da SOD2.

Por outro lado, todos os genétipos da SOD2 apresentaram niveis reduzidos
de iniciadores e efetores de caspases (caspase 1, 3 e 8) ap0s o tratamento com
SeMet 1 nM. Adicionalmente, na citometria de fluxo, todos os genétipos da SOD2
nas CMSP apresentaram um perfil da apoptose similar entre células tratadas e nao
tratadas, indicando que a SeMe 1 nM nao influenciou na ativacao das caspases.

Todas as variaveis do metabolismo oxidativo foram medidas em células ndo
tratadas para avaliar os padrdes basais considerando diferencas de genoétipos da
SOD2. Conforme foi previamente postulado (BRESCIANI et al., 2013), a atividade de
SOD foi aumentada em células AA-SOD2 enquanto estava diminuida em células VV-
SOD2 em comparagdo com as AV-SOD2. Além disso, a atividade de TrxR seguiu a
resposta dos genotipos da SOD2.

As células AA-SOD2 apresentaram niveis elevados de enzima TrxR,
enquanto as células VV-SOD2 apresentaram atividade TrxR mais baixa. A
modulacdo da atividade TrxR dependente do gendtipo da SOD2 é sugestiva de ser
uma via alternativa para preservar o equilibrio oxidativo celular. A GPx-1 tem sintese
celular e atividade limitadas, neste sentido, observamos que as células aumentaram
ou diminuiram a atividade de TrxR para recuperar e manter a homeostase celular,
pois esta enzima atua de forma sinérgica e de forma compensatdria com a enzima
GPx-1 em resposta a altas ou baixos niveis de H,O, (HARRIS et al., 2015).

Neste estudo, sob a exposicdo da SeMet 1 nM, todos os genotipos do
polimorfismo SOD2 apresentaram perfis de regulacdo de atividades GPx e TrxR
similares. Essas enzimas sdo proteinas dependentes de Se, e a TrxR é capaz de
controlar a sintese de selenoproteinas, uma vez que a mesma participa no
metabolismo do Se calisando as interagbes Se-Se (NASCIMENTO et al.,, 2014,
GANTHER, 1999), além de regular a utilizacdo de Se (VEAL; DAY; MORGAN,

2007), justificando nossos achados.



98

Tanto as células AA e VV-SOD2 expostas a 1 nM de SeMet aumentaram as
atividades GPx e TrxR. Por outro lado, as células AV-SOD2 apresentaram niveis
reduzidos dessas enzimas antioxidantes, em contrapartida tiveram um aumento
expressivo de CAT. Isto pode ser explicado pelo fato de que a CAT é uma enzima
ndo dependente de Se, nestes termos, a SeMet ndo é capaz de modular CAT de
forma positiva, exceto em situacdes de toxicidade da SeMet através da geracdo de
O, citosodlico, possivelmente na via da transselenacédo (LAZARD et al., 2015).

O O, é o ativador dos complexos | e Il da CAT como descrito por SHIMIZU;
KOBAYASHIS; HAYASHI (1984). Além disso, ao mesmo tempo em que o *NO pode
interagir com O, resultando em formacdo de ONOQO-, a CAT é capaz de consumir
*NO por oxidacdo e decompor o H,0,, bem como o ONOO™ (BAUER, 2012). No
entanto, apenas as células VV-SOD2 seguiram o padrdo de resposta GPx e TrxR
para a CAT, mas ndo para atividade SOD, em paralelo, a carbonilacdo de proteinas
foi aumentada. A proteina carbonilada é considerada o principal biomarcador do
estresse oxidativo porque essas modificacdes sao geralmente irreversiveis.

Todos os genoétipos da SOD2 apresentaram a expressdo do gene SOD1 e
SOD2 de maneira similar encontrada para a atividade SOD, em ambas as enzimas a
expressdo génica aumentou em células AA-SOD2 e diminuiu em CMSP AV e
VV-SOD2. No entanto, todas as outras enzimas antioxidantes ndo apresentaram
resposta de expressao génica similar com atividades enzimaticas, sugerindo uma
funcdo ndo-nuclear da SeMet. Além disso, é bem descrito na literatura que a sintese
da Sec é pos-transcricional influenciando na etapa de traducdo através da
substituicdo Sec no ribossomo, atuando apenas no RNAt, mas nao diretamente no
DNA, explicando o feedback da expresséo génica observado para as selenoenzimas
antioxidantes avaliadas neste estudo (ROMAN; JITARU; BARBANTE, 2014).

As enzimas antioxidantes seleno-dependentes GPx e TrxR sdo capazes de
modular a producédo de moléculas oxidativas e consequentemente podem modificar
produtos de oxidacdo em células sob um desequilibrio metabdlico. Os resultados
agui observados para a GPx, e especialmente para a TrxR, através da via SeMet,
parecem alterar diretamente 0s possiveis danos celulares como a peroxidacao
lipidica e consequentemente o dano do DNA.

Todos os gendtipos Mn-SOD apresentaram niveis reduzidos de 8-OHdG sob
a exposicdo da SeMet, enquanto que a peroxidacdo lipidica foi reduzida

principalmente no genotipo AA-SOD2 provavelmente pelo balanceamento de H,O,.
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Além disso, a carbonilacdo de proteinas também seguiu 0 mesmo perfil de TBARS e
8-OHdG, sendo reduzida ap6s o tratamento com SeMet 1 nM, com excec¢do do
gendtipo VV-SOD2. Talvez VV-SOD2 apresentou niveis aumentados de
carbonilacédo de proteinas sob a exposicdo SeMet por niveis totais de EROs e *NO.

Além disso, o estresse oxidativo causado por niveis aumentados de EROs e
*NO pode quebrar cadeias de proteinas laterais que comprometem sua funcdo. A
modificacdo de tiol em proteinas atraves de ligacdes de selenilsulfeto pode causar
alteracdes estruturais e inativacdo funcional (LARABEE; HOCKER; HANAS, 2009;
PARK et al., 2000). Em mamiferos, as proteinas reguladoras essenciais que contém
tidis sdo alvos de oxidagcdo na presenca de moléculas contendo Se.

Outro fato importante é que o O, é capaz de inativar o centro ativo da
GPx por oxidacdo, mantendo esta enzima antioxidante em um estado de reserva
intracelular (BLUM; FRIDOVICH, 1985). Neste sentido, niveis diminuidos de
O, ~"podem influenciar a atividade GPx. As células de gendtipos de AA e VV-SOD2
expostas a SeMet apresentaram niveis reduzidos de O~ e uma atividade
GPx aumentada esperada. Por outro lado, o gendétipo AV-SOD2 respondeu a SeMet
1nM com aumento da quantidade de O™, justificando a reducéo da atividade GPx e
aumento da atividade da CAT, uma vez nestas condi¢fes esta enzima pode atuar
como uma via secundaria para prevenir o excesso de ONOO™ e danos celulares.

Em geral, nossos resultados corroboram a hipétese de AMBROSONE et al
(1999) de que uma dieta rica em frutas e vegetais pode atuar para minimizar o
aumento do risco de cancer de mama em mulheres portadoras do genotipo AA, uma
vez que a SeMet esta disponivel em vegetais e em alta concentracdo nas
castanhas-do-brasil.

No presente estudo, o AA-CMSP, quando tratado com SeMet, melhorou o seu
estado antioxidante, principalmente aumentando as atividades de GPx-1 e TrxR e
diminuindo a maioria das variaveis oxidantes. Da mesma forma, VV-CMSP mostrou
melhora no seu estado antioxidante, apesar da diminuicédo da viabilidade celular. Por
outro lado, as células AV-SOD2 apresentaram uma resposta toxicogenética no
metabolismo oxidativo intermediario, um estresse redutivo, quando exposto a SeMet.

Estes resultados mostraram que o papel funcional da SeMet foi dependente
do metabolismo oxidativo basal nas CMSP. Portanto, a analise de variaveis
antioxidantes e oxidantes, incluindo a expressado de genes das enzimas, confirmou

que o efeito do tratamento com SeMet em CMSP foi altamente influenciado pela
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genética da SOD2. Este resultado corrobora com estudo prévio de Capeleto et al.
(2015) em que os efeitos anti-inflamatorios do resveratrol, na forma purificada, foram
influenciados pelo polimorfismo do gene Vall6Ala-SOD2 em células CMSP
humanas.

Outras investigacdes anteriores também descreveram algumas influéncias
farmacogendmicas, farmacogenéticas e toxicogenéticas do polimorfismo do gene
Vall6Ala-SOD2 em CMSP expostas a varios fatores, como citrato de clomifeno
(COSTA et al.,, 2012), metotrexato (BARBISAN et al.,, 2014) e metilmercurio
(ALGARVE et al., 2013).

A expressdo de selenoproteinas diferentes é dependente de fatores
reguladores especificos e substratos em cada tipo de célula e em diferentes tecidos
(STOYTCHEVA; BERRY, 2009). A resisténcia das selenoproteinas ao aporte de Se
ou a variacdo do estresse oxidativo esta relacionada a sua importancia fisiologica,
como exemplo dentro dos membros da familia GPx, a GPx-2 é a mais resistente,
seguida de GPx-4, GPx-3 ou GPx-1 (ROMAN; JITARU; BARBANTE, 2014).

A GPx-1 e a TrxR-1 sdo essenciais para manter a imunocompeténcia das
CMSP e controle de apoptose. Sob condigbes em que a eficiencia de GPx-1 foi
afetada pela privacdo de Se ou teve sua expressao no limite maximo, o
armazenamento dessa enzima nas células é responsavel pela recuperacédo de sua
atividade de forma imediata; a0 mesmo tempo em que a expressdao de TrxR
responde rapidamente ao fornecimento de Se (ROMAN; JITARU; BARBANTE,
2014).

Estudos realizados em linfécitos por (WU et al., 2009) sugeriram que a SeMet
aumentou a estabilidade do genoma em concentragdes variando de 125 ug Se / L
(1,6 uM) @ 430 ug /L Se / L (5,5 pM) e foi citotoxica em niveis (23,5 yM) acima dos
considerados fisioldgicos (100 ng/mL= 1,28 uM).

A potencial propriedade anticarcinogénica (quimioprevencao) (PARK et al.,
2015) e o papel citoprotetor do Se na quimioterapia (quimioprotecédo) (LU et al.,
2016) poderiam justificar pesquisas atuais sobre o manejo da terapia do cancer
usando moléculas de Se. Estudos in vitro sugeriram a sensibilidade diferencial a
SeMet entre diferentes tipos de células de cancer de mama. Por exemplo, as células
ductais invasivas MCF7/S apresentaram baixa sensibilidade a SeMet, diminuindo o
crescimento celular somente em concentragdes de SeMet de 100 a 1000 pM
(REDMAN et al., 1998).
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Por outro lado, a SeMet foi citotdxica na concentracdo de 113 nM em células
de cancer ductal MDA-MB-231, ao mesmo tempo que as células epiteliais mamarias
nao-tumorigénicas requereram uma alta concentracdo de SeMet (87,9 uM) para
aumentar a taxa de mortalidade. Em paralelo, as células HEP-Hepatoma
apresentaram sensibilidade intermedidria quando foram expostas a SeMet
(JARIWALLA; GANGAPURKAR; NAKAMURA, 2009).

O efeito quimioprotetivo do Se também foi investigado, o estudo mostrou o
efeito do Se, sozinho ou combinado com agentes quimioterapicos, na sensibilidade
quimioterapéutica das células cancerigenas e demonstrou a ndo sensibilidade das
células MCF-7 expostas ao Se, enquanto que nas células MDA-MB-231 o Se atuou
como agente anticarcinogénico. Além disso, a sinergia do Docetaxel com Se causou
uma diminuicdo no crescimento celular (PARK et al., 2015).

Os autores destacam, no presente estudo, a resposta das CMSP a SeMet em
concentracbes muito baixas (1 nM). No entanto, os resultados aqui descritos
sugerem que o polimorfismo Vall6Ala-SOD2 pode apresentar algum efeito em
diferentes tipos de células cancerigenas. Portanto, sugerimos aqui investigacdes
futuras usando concentracdes de SeMet del nM a 5,5 uM em que as células imunes
sdo preservadas. Esta compreensdo do efeito da SeMet em diferentes tipos
celulares é importante para avaliar os possiveis efeitos quimiopreventivos da SeMet
purificada.

O segundo protocolo explorou os possiveis efeitos nutricionais benéficos que
0 tratamento com extrato aquoso da castanha-do-brasil (EACB) poderia ter em
células de individuos homozigotos do polimorfismo humano do gene Vall6Ala-SOD2
(gendtipos AA- e VV-SOD2), que apresentam um estado redox desequilibrado
herdado utilizando um modelo S-PH quimicamente induzido.

Portanto, validamos aqui um modelo in vitro usando agentes quimicos
MnTBAP e Paraquat para produzir um estado redox desequilibrado S-PH em
fibroblastos humanos HFF-1. Os fibroblastos foram escolhidos porque estas células
sdo amplamente distribuidas por todo o corpo, interagindo com outros tipos celulares
para executar varias funcdes fisioldgicas e, portanto, podem servir de modelo para
explorar para explorar o estado redox de células expostas a produtos quimicos e
produtos naturais (CHANG,; LI; GUO, 2014; HUANG et al., 1997; JAIN; TURNER,
2012).
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As células foram expostas ao MNnTBAP, molécula mimética da SOD2 ou ao
Paraquat, que gera altos niveis de O,~. A mesma concentragdo molar (0,9 uM) de
MnTBAP e Paraguat aumentaram a producdo de H,O, e O, respectivamente,
mostrando que nosso modelo foi capaz de gerar um desequilibrio S-PH in vitro.

Adicionalmente, também observamos que o MnTBAP e o Paraquat
diminuiram a viabilidade celular para cerca de 20% na mesma concentracdo molar,
mostrando que o desequilibrio induzido quimicamente poderia ser toxico de alguma
forma para as células, devido a geracdo de EROs que ndo poderia ser efetivamente
neutralizado pelo sistema antioxidante enddégeno de individuos redox
desequilibrados.

Apesar destes achados, o tratamento com EACB foi capaz de reverter o
estresse oxidativo em fibroblastos expostos a ambos os estressores. Além disso, 0s
resultados do nosso estudo mostraram que o efeito da EACB em fibroblastos
humanos, em termos de varidveis do metabolismo oxidativo e expressédo de enzimas
antioxidantes, ndo foi influenciado pelo desequilibrio da S-PH.

Sabe-se que a castanha-do-brasil € rica em varios fitoquimicos e
oligoelementos, como o Se, na forma de SeMet, também tem vitaminas, como
Vitamina B6 e B3 (precursora de NADPH), muitas proteinas e aminoacidos, fibras e
acidos graxos insaturados (YANG, 2009). Assim, produzimos e caracterizamos um
EACB e determinamos as quantidades de fitoquimicos e Se.

Véarias moléculas bioativas, tais como, acido gélico, epicatequina e
resveratrol, entre outros, foram encontradas em quantidades consideraveis no
extrato. No entanto, baixas concentracfes de Se foi extraido no extrato o que,
provavelmente, € um ponto positivo em um futuro estudo translacional, evitando
assim o excesso de selénio aliado a uma suplementacéo natural rica em fitoquimicos
antioxidantes.

Niveis baixos de EROs estdo envolvidos em muitos processos fisiologicos,
como o crescimento e diferenciacdo celular e, portanto, sdo indispensaveis para 0s
processos de sinalizacdo celular responsaveis pela manutencdo da homeostasia.
Niveis elevados de EROs recrutam sistemas antioxidantes enddégenos e moléculas
exogenas para prevenir danos celulares (BARREIROS; DAVID, 2006). No entanto,
guando os niveis de espécies reativas suplantam a capacidade antioxidante
enddgena e exdgena, ocorre 0 estresse oxidativo que causa dano ao DNA e as

membranas celulares levando as doencas (BRESCIANI et al., 2013).
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A capacidade importante de eliminacdo de EROs e ERNs pode ser atribuida
aos fitoquimicos presentes na matriz quimica do EACB, especialmente polifendis
identificados no extrato (YILMAZ; TOLEDO, 2004). Varios estudos correlacionam o
consumo de moléculas bioativas na castanha-do-brasil e beneficio a saude
(ALASALVAR; BOLLING, 2015). O resveratrol, por exemplo, mostrou efeito protetor
contra inUmeras doencas, como diabetes, céancer, doencas inflamatérias,
neurodegenerativas e cardiovasculares (RODRIGO; MIRANDA; VERGARA, 2011).

Como parte do sistema antioxidante enddégeno, as selenoenzimas GPx-1 e
TrxR-1 dependem do fornecimento de Se para sua sintese e funcionamento correto.
Em células AA-SOD2-like tratadas com EACB, a expressdo génica da GPX-1 foi
similar ao controle positivo, enquanto a TrxR foi regulada positivamente. De maneira
contraria, as células VV-SO2-like tratadas com EACB apresentaram maior
expressdo de GPx-1 e TrxR inalterada. Estes achados sugerem que os sistemas da
GSH e Trx de mamiferos podem fornecer elétrons e servir como sistemas de backup
um para o outro, como postulado anteriormente por Lu e Holmgren (2012).

As enzimas antioxidantes SOD e CAT sao bem conhecidas por suas
propriedades sequestradoras de EROs, uma vez que catalisam a converséo de O;~
para H,O, (SOD) e, posteriormente, de agua e oxigénio molecular (CAT)
(BARREIROS; DAVID, 2006). O aumento da expressdo dos genes enzimaticos
SOD1 (citoplasméaticos) e SOD2 (mitocondriais), especialmente no modelo
VV-S0D2, pode ser explicado devido a suplementacdo com EACB, uma vez que as
castanhas-do-brasil contém SeMet, um aminoécido analogo a metionina, um
precursor de SOD (ROMAN; JITARU; BARBANTE, 2014) e também cisteina, um
precursor de GSH (SHELLY; LU, 2013) e sintese de TrxR (LU; HOLMGREN, 2009).
Adicionalmente, a expressdo da CAT foi aumentada em ambos os modelos
SOD2-like, demonstrando a modulacdo positiva da enzima, provavelmente
associada a matriz quimica do EACB.

Os sistemas da GSH e Trx séo os sistemas redutores mais proeminentes em
células de mamiferos e, dentre outras enzimas jA mencionadas, ajudam a proteger
contra danos oxidativos para regular as vias de sinalizacdo. Se a ingestao de Se for
diminuida, pode haver uma producdo ineficiente de selenoproteinas e
selenoenzimas que, por sua vez, deixa a célula mais vulnerdvel aos danos

oxidativos. EROs e ERNs podem ativar o sistema de resposta Nrf2-Keapl (nao
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investigado aqui), que coordenam respostas celulares ao estresse oxidativo e
eletrofilico (CEBULA; SCHMIDT; ARNER, 2015).

Em geral, os fibroblastos tratados com EACB apresentaram um maior nivel de
expressao das enzimas antioxidantes, mostrando que a matriz quimica do extrato,
contendo a SeMet e fitoquimicos antioxidantes, foi capaz de reverter o estresse
oxidativo gerado por ambos os estressores e também apresentou aumento no
crescimento celular, possivelmente devido as propriedades antioxidantes dos
constituintes quimicos do EACB.

Recentemente, uma investigacéo realizada por HU et al. (2016) postulou que
a ingestdo de concentracbes moderadas de Se (48 ug Se / dia por 6 semanas
consecutivas) poderia ser benéfica para a remissao de fatores de risco de cancer
colorretal, uma vez que este tipo de cancer esta associado a um polimorfismo
genético na SePP1 (HU et al., 2016).

Em funcdo disto, a SeMet associada a matriz quimica do EACB, além da
capacidade de reversdo do estresse oxidativo causado pelos estressores, ainda
mostrou um maior efeito nutrigenbmico na expressdo de todas as enzimas
antioxidantes em fibroblastos S-PH desbalanceados quimicamente. A relagéo entre
a expressao génica das enzimas GPx-1 e TrxR-1 dependentes de selénio indicaram
que ambos os sistemas GSH e Trx foram mantidos e acompanhados pela maior
expressdo das demais enzimas antioxidantes CAT e SODs. Assim sendo, nossos
resultados suportam a hipotese de que a castanha-do-brasil pode atuar para
minimizar o aumento do risco DCNT nos homozigotos da SOD2, incluindo o cancer

de mama.
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6 CONCLUSAO

No trabalho de revisdo da literatura sobre a importancia da castanha-do-brasil
na dieta, os dados indicam que quantidade moderada esta diretamente envolvida
com a protecdo contra as DCNT. Atuais estudos e meta-analises sustentam dados
que mostram a diminuicdo dos fatores de risco de doencas metabdlicas e
cardiovasculares e remissdo das ja estabelecidas. Estudos sobre a prevencdo do
cancer sdo escassos, mas a semente tem mostrado beneficio na diminuicdo de risco
do cancer colorretal quando ha o envolvimento de polimorfismo genético da SePP1.

Em funcéo da variabilidade dos individuos na resposta a suplementacao com
SeMet, os trabalhos experimentais in vitro mostraram a relevancia dos estudos sobre
o polimorfismo Vall6Ala-SOD2 e o desbalanco S-PH quimicamente induzido no
efeito da SeMet purificada e da SeMet associada a matriz quimica do EACB.

Considerando o polimorfismo Vall6Ala-SOD2, no primeiro protocolo in vitro, a
SeMet mostrou um efeito nutrigenético expressivo ha modulacdo da expressao das
(seleno)enzimas antioxidantes em todos os gendtipos da SOD2. Contudo, o efeito
da SeMet nas AA-CMSP corrobora a hipotese de Ambrosone et al. (1999) de que
frutos e vegetais teriam potencial para diminuir os fatores de risco de cancer de
mama no genoétipo AA-SOD2, uma vez que a SeMet esta disponivel em vegetais e
em alta concentracdo nas castanhas-do-brasil.

O segundo protocolo in vitro indicou que a SeMet associada a matriz quimica
do EACB foi capaz de restaurar a homeostasia celular em situacdo de estresse
oxidativo de maneira nutrigendmica nos fibroblastos AA-SO2-like e VV-SO2-like
tratados com EACB, uma vez que mostraram diminuicdo dos parametros oxidativos
e um mecanismo regulatério sinérgico em relacdo a expressao génica das
(seleno)enzimas antioxidantes. Por conseguinte, ¢é provavel atribuir a
castanha-do-brasil um maior efeito nutrigendémico do que a SeMet purificada.

Apesar das limitacdes metodoldgicas das investigacdes in vitro, 0s autores
sugerem a realizagdo de mais investigacbes para avaliar o potencial efeito
guimiopreventivo/ quimioprotetivo do EACB em células tumorais. Adicionalmente,
nossos resultados sugerem a plausivel extrapolacdo em estudos in vivo para
confirmar os potenciais beneficios baseados na inclusédo da castanha-do-brasil na

dieta, considerando o polimorfismo humano Vall6Ala-SOD2.
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