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RESUMO

Tese de Doutorado
Programa de Pos-Graduacdo em Farmacologia
Universidade Federal de Santa Maria

EFEITO FARMACOGENOMICO IN VITRO DO ASTROCARYUM
ACULEATUM EM CELULAS MONONUCLEARES DO SANGUE

PERIFERICO E DE CANCER DE MAMA
AUTOR: OLMIRO CEZIMBRA DE SOUZA FILHO
ORIENTADORA: IVANA BEATRICE MANICA DA CRUZ
Local e Data da Defesa: Santa Maria, 21 de janeiro de 2014

O cancer de mama, devido a sua importancia epidemiolégica em nosso meio e na
saude publica mundial, € uma doenca objeto de inUmeros estudos contemporaneos. Alguns
destes trabalhos sugerem que determinados genes relacionados ao ciclo celular e a
apoptose e que atuam sobre o cancer de mama, podem ser modulados por compostos
bioativos presentes na alimentagdo, como os carotendides. Frutas sdo alimentos ricos em
carotendides, entretanto, existe ainda um numero extenso de espécies cuja acdo
anticarcinogénica nao foi investigada. Este € o caso do tucuma (Astrocaryum aculeatum)
gue é muito consumido, habitualmente, pela populacdo amazbnica e que estudos recentes
indicam acdo antioxidante. Trata-se de um fruto rico em carotendides e outros compostos
bioativos que podem atuar como moduladores farmacogenomicos anticarcinogénicos.
Estudos sobre este fruto sdo incipientes, principalmente aqueles voltados a sua potencial
acdo na génese e na fisiologia do cancer de mama. Deste modo, esta investigacédo teve
como objetivo avaliar o efeito de extratos etandlicos do tucuma (casca e polpa) na cito-
genotoxicidade em células mononucleares do sangue periférico (CMSPs). Adicionalmente,
foi avaliado o efeito anticarcinogénico in vitro na linhagem comercial MCF-7 de cancer de
mama, determinando a acgdo sobre a viabilidade, proliferacdo celular, modulacdo do
metabolismo apoptético e oxidativo. O trabalho foi conduzido a partir de extratos etandlicos
de polpa e casca, nos quais foram determinados os niveis de polifendis totais, flavonoides,
taninos, alcalbides por espectrofotometria € 0s niveis de beta-caroteno, quercetina, rutina,
acidos gélico, clorogénico e cafeico, por cromatografia liquida de alta eficiéncia (CLAE).
Para a investigacdo dos efeitos cito-genotdxicos dos extratos da polpa e da casca do
tucuma@ foram utilizadas CMSPs obtidas de adultos saudaveis. Estas células foram
cultivadas em condi¢cdes controladas e expostas a diferentes concentracbes dos extratos
durante 24h e 72h. Apds estes periodos foi efetuada a andlise da viabilidade pelo ensaio
espectrofotométrico do MTT (brometo de 3-(4,5)-dimetil-2-tiazolil-2,5-difenil-2H-tetrazélio).
Os niveis da proteina caspase-1 que esta associada a eventos de morte celular programada
(apoptose/piroptose) foram determinados por ensaio imunoenziméatico de ELISA. Os efeitos
genotdxicos foram medidos através da analise de fragmentacdo do DNA através de ensaio
fluorimétrico utilizando o corante DNA Picogreen® que é especifico para moléculas de DNA
dupla-fita (DNAdf). No caso, tratamentos que apresentam maior dano gendmico possuem
niveis menores de fluorescéncia quando comparados ao controle. Para avaliar a
genotoxicidade também foi realizado o ensaio do DNA Cometa Alcalino e a avaliacdo da
instabilidade cromossémica (citogenética por Banda G). A concentracdo de espécies
reativas de oxigénio (EROs) foi avaliada via ensaio fluorimétrico da DCFH-DA.
Considerando os resultados obtidos no primeiro estudo, somente o efeito anticarcinogénico
do extrato da polpa foi avaliado no segundo estudo. Inicialmente, células MCF-7 cultivadas
em condi¢Bes controladas foram expostas a concentracdes de 1 a 1000 pg/mL do extrato, a
fim de se determinar a faixa de concentracdo com maior potencial anticarcinogénico. A
seguir as células MCF-7 foram expostas a trés concentracbes do extrato de polpa do



tucuma utilizando como controle positivo o quimioterapico acido all-trans retindico ATRA
(1uM). A escolha da concentracdo do ATRA foi feita com base em estudos prévios
publicados na literatura. A acdo na viabilidade e proliferacdo celular foi determinada a partir
do ensaio do MTT apoOs 24, 48 e 72h de exposicdo aos tratamentos. O efeito dos
tratamentos na inducdo da apoptose foi avaliado através da andlise dos niveis das caspases
(1, 3 e 8) por imunoensaio ELISA e da expressao dos genes Bcl-2 e BAX via técnica de RT-
PCR. Uma vez que o extrato do tucuma é rico em antioxidantes, o efeito no metabolismo
oxidativo foi, também, avaliado através da andlise da modula¢do da expressédo dos genes
das enzimas antioxidantes superéxido dismutase (SOD) 1 e 2, catalase (CAT) e glutationa
peroxidase (GPX) e da atividade destas enzimas, utilizando os niveis de tidis (proteicos e
nao proteicos) como medida indireta da GPX. A comparacao estatistica entre os diferentes
tratamentos foi efetuada via analise de varidncia One-Way e teste post hoc de Tukey. Os
resultados mostraram que o0s extratos possuiam niveis elevados de polifendis e de beta-
caroteno. No primeiro estudo, foi observado efeito cito-genotéxico alto nas concentragfes >
500 pug/mL. A polpa apresentou menor cito-genotoxicidade e, por este motivo, foi utilizada
para avaliar o efeito anticarcinogénico. No segundo estudo, as concentracdes entre 300 a
1000 pg/mL diminuiram a viabilidade das células MCF-7. Assim, as concentra¢Ges de 300,
500 e 900 ug/mL foram utilizadas nos testes adicionais. Similarmente ao ATRA, o extrato
diminuiu a viabilidade e a proliferagéo das células de cancer de mama (p< 0.01). A agdo na
viabilidade, provavelmente, envolveu a via apoptética ja que ocorreu um aumento nos niveis
das caspases 1, 3 e 8 e inibicdo na expressdo do gene antiapoptoético Bcl-2. Em geral estes
resultados foram similares ao ATRA. O tucuma, assim como o ATRA, causou desbalanco no
metabolismo oxidativo. Entretanto, enquanto o ATRA alterou o balango oxidativo tanto em
nivel citosélico quanto em nivel mitocondrial, o tucuma agiu somente em nivel citosdlico,
principalmente, via diminuicdo nos niveis da expressao génica e atividade da SOD1, CAT e
aumento nos niveis de lipoperoxidacdo e carbonilacdo de proteinas. O conjunto dos
resultados, a despeito das limitacdes metodoldgicas associadas aos estudos in vitro, indica
gue o extrato etandlico do tucuma possui efeito anticarcinogénico em células de cancer de
mama MCF-7 envolvendo potencial modulagdo farmacogenomica de genes e moléculas da
via apoptotica e do metabolismo oxidativo. Este é o primeiro estudo que relata atividade
anticarcinogénica deste fruto, e, tais resultados abrem a perspectiva de estudos adicionais
de interesse cientifico, epidemiolégico e clinico.

Palavras-chave: Cancer de mama. Anticarcinogénese. Tucuma. Astrocaryum aculeatum.
Carotenoides. Polifendis. Apoptose. Metabolismo oxidativo.
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Breast cancer, due to their prevalence in our environment and global public health is
a disease subject of numerous contemporary studies. Some of these studies suggest that
certain genes related to cell cycle and apoptosis and acting on breast cancer can be
modulated by bioactive compounds present in food, such as carotenoids. Fruits are foods
rich in carotenoids, however, there is still a large number of species whose anticarcinogenic
action was not investigated. This is the case of tucuma (Astrocaryum aculeatum) that is
widely consumed, usually by Amazonian population and that recent studies shows
antioxidant action. It is a fruit that presents high levels of carotenoids and other bioactive
compounds that can act as anticarcinogenic pharmacogenomic modulators. Studies of this
fruit are incipient, particularly those focused its potential role in the genesis and physiology of
breast cancer. Thus, this research aimed to evaluate the effect of ethanol extracts of tucuma
(peel and pulp) in the cyto-genotoxicity in human peripheral blood mononuclear cells
(PBMCs). Additionally, the anticarcinogenic effect was evaluated in vitro in the commercial
line MCF-7 breast cancer, determining the action on the viability, cell proliferation,
modulation of apoptosis and oxidative metabolism. The study was conducted from ethanol
extracts of peel and pulp, in which were determined the levels of total polyphenols,
flavonoids, tannins, alkaloids by spectrophotometry and levels of beta-carotene, quercetin,
rutin, gallic, chlorogenic and caffeic acids, by high performance liquid chromatography
(HPLC). For investigation of cyto-genotoxic effects of pulp and peel tucuma extracts were
used PBMCs obtained from healthy adults. These cells were grown in controlled conditions
and exposed to different concentrations of the extracts for 24 and 72 hours. After these
periods, viability analysis was conducted by the spectrophotometric assay of MTT (bromide
of 3-(4,5)-dimethyl-2-thiazolyl-2,5-diphenyl-2H-tetrazolium). The levels of caspase-1 protein
that is associated with events of programmed cell death (apoptosis/pyroptosis) were
determined by enzyme immunoassay ELISA. The genotoxic effects were measured by
analysis of DNA fragmentation by fluorometric assay using the DNA Picogreen ® dye that is
specific for double-stranded DNA molecules (dsDNA). In this case, treatment with higher
genomic damage have lower fluorescence levels when compared to control. To evaluate the
genotoxicity was also carried out the DNA Alkaline Comet assay and the evaluation of
chromosomal instability (G-band cytogenetic). The concentration of reactive oxygen species
(ROS) was assessed by fluorimetric assay of DCFH-DA. Considering the results obtained in
the first study, only the anticarcinogenic effect of the pulp extract was evaluated in the
second study. Initially, MCF-7 cells grown under controlled conditions were exposed to
concentrations from 1 to 1000 pug/mL of the extract, in order to determine the concentration
range with greater anticarcinogenic potential. Following MCF-7 cells were exposed to three
concentrations of the tucuma pulp extract using as positive control chemotherapy all-trans
retinoic acid ATRA (1uM). The choice of ATRA concentration was based on previous studies
reported in the literature. The action on cell viability and proliferation was determined by MTT
assay after 24, 48 and 72h of exposure to treatments. The effect of the treatments in induced



apoptosis was evaluated by analyzing the levels of caspases (1, 3 and 8), by ELISA
immunoassay and expression of Bcl-2 and BAX genes via RT-PCR technic. Once the
tucuma extract is rich in antioxidants, the effect on oxidative metabolism was also evaluated
through the analysis of the modulation of gene expression of antioxidant enzymes
superoxide dismutase (SOD) 1 and 2, catalase (CAT) and glutathione peroxidase (GPX) and
the activity of these enzymes, using the levels of thiols (protein and non-protein) as an
indirect measure of GPX. Statistical comparison between different treatments was performed
via ANOVA One-Way and post hoc Tukey test. The results showed that the extracts had high
levels of polyphenols and beta-carotene. In the first study, high cyto-genotoxic effect was
observed at concentrations > 500 pg/mL. The pulp showed lower cyto-genotoxicity and,
therefore, was used to evaluate the anticarcinogenic effect. In the second study,
concentrations between 300 to 1,000 ug/mL decreased the viability of MCF-7 cells. Thus,
concentrations of 300, 500 and 900 pg/mL were used in further testing. Similarly to ATRA,
the extract reduced the viability and proliferation of breast cancer cells (p < 0.01). The action
in the viability probably involved apoptotic pathway since there was an increase in the levels
of caspases 1, 3, 8, and inhibiting the expression of anti-apoptotic Bcl-2 gene. In general,
these results were similar to ATRA. The tucuma, as well as ATRA, caused an imbalance in
the oxidative metabolism. However, while the ATRA altered the oxidative balance in both
cytosolic level as for mitochondrial level, tucuma acted only in cytosolic level, mainly, via
decreasing levels of gene expression and activity of SOD1, CAT and increased levels of lipid
peroxidation and proteins carbonylation. The overall results, despite the methodological
limitations associated with in vitro studies indicates that the tucuma ethanolic extract has
anticarcinogenic effect in breast cancer cells MCF-7 involving potential pharmacogenomics
modulation of genes and molecules of the apoptotic pathway and oxidative metabolism. This
is the first study reporting anticarcinogenic activity of this fruit, and these results open the
prospect of further scientific, epidemiological and clinical interest studies.

Keywords: Breast cancer. Anticarcinogenesis. Tucuma. Astrocaryum aculeatum.
Carotenoids. Polyphenols. Apoptosis. Oxidative metabolism.
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1 INTRODUCAO

O cancer de mama € uma morbidade que, anualmente, ceifa centenas de
milhares de vidas no mundo. Igualmente importante é o impacto social, econédmico e
psicologico que a doenca traz para a mulher e sua familia envolvendo, desta forma,
guestBes estéticas relacionadas a um 6rgdo que, praticamente, € o simbolo da
feminilidade e da maternidade. No contexto familiar traz grandes e profundas
transformacgdes e, ndo raramente, abala, inclusive, a estrutura financeira de forma
dréastica. Deste modo, investigagbes relacionadas a aspectos preventivos e
terapéuticos desta doenca sdo de grande relevancia cientifica, epidemiolégica e

clinica.

1.1 Cancer de Mama: aspectos epidemioldgicos

Estudos epidemiologicos estimam que a incidéncia do cancer de mama vem
aumentando no mundo desde a década de 1940, sendo o tipo de cancer mais
prevalente nas mulheres que vivem nos paises ocidentais. Em 2007, nos Estados
Unidos, o cancer de mama foi diagnosticado em mais de 180 mil mulheres,
resultando em cerca de 40 mil 6bitos. A partir destes dados epidemiologicos, estima-
se que de 10% a 15% de todas as mulheres do mundo serdo diagnosticadas com
cancer de mama durante a sua vida (JEMAL, 2007).

No Brasil, segundo o Instituto Nacional do Cancer (INCA, 2011), o risco
estimado de cancer de mama tem se mantido préximo a 49 casos a cada 100 mil
mulheres, desde 2008, sendo que, a taxa de mortalidade por cancer de mama no
Brasil continua alta. Enquanto nos paises desenvolvidos a sobrevida média em cinco
anos é de 73%, em paises em desenvolvimento, incluindo o Brasil, a mesma cai
para 57%. Por este motivo, pesquisas que desenvolvam novas abordagens

terapéuticas do cancer de mama séo consideradas de fundamental importancia.
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1.2 Biologia e Fisiopatologia do Cancer de Mama

A carcinogénese envolve um processo multifatorial no qual, em relacdo ao
cancer de mama, os aspectos biolégicos possuem grande importancia, pois o tecido
mamario apresenta caracteristicas préoprias. Apesar de variar conforme o0 sexo e a
idade, em geral, a glandula mamaria é composta por 15-20 lobos formados por
glandulas tubulo-alveolares compostas que sdo envolvidas tanto por tecido
conjuntivo quanto por tecido adiposo. Cada lobo, por sua vez, subdivide-se em
l6bulos que contem alvéolos (acinos) ou tabulos. Estas estruturas sao consideradas
as porcoes secretoras do leite. Esta secrecao conflui para uma série de ductos que
desembocam no seio galactoforo e finalmente no mamilo, localizado no centro da

areola (Figura 1).

seio
y alactoforo
ducto g

galactéforo '\, 3

lobo mamilo

tecido
adiposo -
aréola

Figura 1 — Esquema anatdmico da mama numa vista de dissecacdo antero-lateral. Fonte: Adaptado
de Netter (1998)

Por ser de origem epitelial, a glandula mamaria esta continuamente
produzindo novas células via linhagem germinal conhecida como “células-tronco
adultas”. Estas células-tronco produzem novas células que substituem as células
mais velhas. As células velhas se destacam da matriz extracelular e sdo induzidas a
um processo de apoptose proprio chamado de anoikis (FRISCH; SCREATON,
2001). Entretanto, conforme o periodo da vida da mulher, as células-tronco

mamarias ficam mais suscetiveis a acdo dos fatores carcinogénicos (tabagismo,
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terapia hormonal, alcool, excesso de peso, alteracfes genéticas e outros), pois
guanto menos diferenciadas se encontram as células que compdem a estrutura
glandular mamaria, maior sera a suscetibilidade a estes fatores. Por exemplo, logo
apos a puberdade, a estrutura lobular da mama € do tipo | (muito indiferenciado); ja,
no outro extremo, durante a lactacdo, encontra-se o tipo IV (grau maximo de
diferenciacdo celular), por isto a importancia da lactacdo como fator de protecao
(EDEN, 2010).

Outra caracteristica da biologia feminina diz respeito a acdo hormonal
estrogénica que estimula a proliferacdo celular. Sendo assim, dependendo do
sinergismo que possa ocorrer, estas células podem sofrer danos e mutacdes que
levam a perda da capacidade de diferenciacdo das mesmas, dando inicio ao

processo carcinogénico (CLARK et al., 1997).

1.3 Farmacogenética e farmacogendémica aplicadas em terapias oncoldgicas

O desenvolvimento de novas tecnologias no contexto da saude, tanto no
aspecto preventivo quanto no aspecto terapéutico, remete a uma gama de
possibilidades de intervenc¢des para um patamar mais promissor do que em décadas
passadas. Com o sequenciamento do genoma humano em 2001, novas alternativas
se descortinaram para a ciéncia e, tratamentos até entdo pensados como futuristas
tornaram-se reais.

Entre estas alternativas encontra-se a farmacogenética e a farmacogenémica.
A farmacogenética é a area que investiga as variaces individuais dos genes na
efichcia e seguranca do uso dos farmacos (METZGER; SOUZA-COSTA; TANUS-
SANTOS, 2006). Embora incipiente, a farmacogenética abre um novo horizonte na
terapia farmacolégica do cancer de mama ao ser alcancada a possibilidade de
individualizacdo dos tratamentos. Com o uso de ferramentas genético-moleculares
uma maior eficiéncia terapéutica poderd ser atingida e uma série de eventos
indesejaveis, como certos efeitos colaterais e adversos, poderdo ser evitados (AL-
GHOUL,; VALDES, 2008; SHEFFIELD; PHILLIMORE, 2009).

Abordagens terapéuticas nas mais diversas areas da saude e ndo somente

na oncologia, vém utilizando os principios da farmacogenética como na psiquiatria
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(HAILE; KOSTEN; KOSTEN, 2009; XUAN et al., 2008), na reprodugcdo humana
(FAUSER; DIEDRICH; DEVROEY, 2008; YU; HANDELSMAN, 2001) e na clinica
médica (PETERS, 2009), além de outras.

Em relagcdo ao cancer de mama, torna-se interessante salientar que as
respostas individuais a determinados tratamentos explicam, por exemplo, 0 que
ocorre em relacdo ao uso do tamoxifeno como adjuvante no cancer de mama. Em
relacdo a este medicamento, existem algumas pacientes que nao respondem da
maneira esperada (efeito farmacogenético), e, portanto, o uso do mesmo é
desaconselhado (LAZARUS, 2009).

Uma vez que existe uma enorme complexidade e falta de conhecimento sobre
potenciais efeitos farmacogenéticos relacionados ao cancer de mama, investigacoes
usando modelos experimentais sdo importantes de serem desenvolvidas para dar
suporte & é&rea da farmacologia (FRICK et al., 2013). Em alguns casos, a
determinacao da ocorréncia de variacdes em genes especificos vem conquistando
espaco no arsenal terapéutico de muitos tipos de neoplasias. Este € o caso do
tratamento de algumas leucemias (STOCCO et al., 2013). Uma série de outros
estudos relacionados a farmacogen6mica estd, ainda, em andamento (MLAKAR;
MARC, 2013).

Portanto, € inegavel o fato de que a possibilidade da ativacéo/inativacdo de
alvos especificos e personalizados possa melhorar a terapéutica oncoldgica. Neste
caso, 0 uso da farmacogenética na clinica médica contemporanea estad rompendo o
paradigma do uso de protocolos universais para todos os pacientes (“tamanho
unico”) e consolidando a chamada “medicina personalizada”.

Estudos realizados nestas Ultimas trés décadas sugerem que farmacos e
outros fatores ambientais, como os alimentos, podem modular diferencialmente
genes associados ao risco, a evolugdo e ao prognostico das doengas oncoldgicas
(MLAKAR; MARC, 2013).

Neste contexto, estes fatores podem, por exemplo, modular diferencialmente
oncogenes e genes de supressao tumoral, como é o caso dos relacionados com a
divisdo celular e a morte celular programada (apoptose), que modulam a quantidade
e a qualidade das células do organismo humano (EDEN, 2010). No cancer de
mama, a expressao de varios destes genes esta alterada o que faz com que a célula
consiga se dividir indefinidamente, se tornar indiferenciada, em termos cito-

funcionais, ndo respeitando nem os limites do 6rgdo e nem realizando mais suas
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funcbes bésicas.

Sendo assim, a identificacdo de compostos bioativos com efeito
farmacologico que inclua a acdo sobre a expressdo destes genes torna-se
importante. Entre estes, estdo os genes da familia B-cell lymphoma 2 (Bcl-2). Nesta
familia encontra-se o proprio gene Bcl-2 que tem efeito antiapoptético, bem como o
gene Bcl-2 associated X protein (BAX) que é um gene pré-apoptético. Em uma
célula saudavel as expressdes do Bcl-2 e BAX estdo equilibradas. Ja, nas células
tumorais, poderdo ser observados niveis aumentados na expressao do gene Bcl-2
implicado diretamente com esta via do metabolismo celular (FATTHAI et al., 2013;
NIKHIL et al., 2013; XIONG et al., 2013).

Na prética clinica atual, muitos marcadores tumorais relacionados com genes
gue sofreram mutacgdes, e que, portanto, modificaram a sua expressao génica, sédo
utilizados para definir o tipo de terapia a ser aplicada na paciente com cancer de

mama.

1.4 Aspectos gerais da terapéutica do cancer de mama

De acordo com os protocolos da Federacdo Brasileira das Associacdes de
Ginecologia e Obstetricia (FEBRASGO) (2013), o tratamento do cancer de mama
abarca procedimentos cirdrgicos, radioterapicos, quimioterapicos, imunoterapicos e,
de maneira destacada, como adjuvante, cita-se a chamada terapéutica enddcrina
nos tumores com receptores estrogénio (ER+).

Segundo a FEBRASGO (2013): atualmente, a abordagem cirdrgica procura
ser o menos agressiva possivel com procedimentos bem delimitados, o que pode
ser facilitado por métodos diagnosticos sensiveis e precisos bem como a detecgéo
precoce do cancer de mama; a radioterapia tem como intencdo a destruicdo das
células remanescentes apds o procedimento cirirgico ou tem por objetivo diminuir o
volume tumoral previamente a cirurgia; a quimioterapia tem papel importante na
complementagdo do tratamento cirdrgico, em situacfes metastaticas e em tumores
refratrios a outros tratamentos, sendo a adriamicina a 12 linha de escolha assim
como 0s taxanos; a imunoterapia, através do uso de anticorpos monoclonais,

também €& um arsenal terapéutico, através do uso do trastuzumabe e mais
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recentemente do pertuzumabe. Estes quimioterapicos induzem as células
cancerosas a retomarem o mecanismo da apoptose (inducdo farmacogenémica); a
estratégia da abordagem terapéutica endocrina do cancer de mama hormonio
dependente envolve, atualmente, duas possibilidades: (1) bloqueio dos receptores
hormonais, sendo que o farmaco mais utilizado € o tamoxifeno para os casos de ER
(+), assim como aqueles tumores que apresentam outro biomarcador como o0 HER 2
(+) podem responder de maneira positiva ao uso do trastuzumabe; (2) supresséo da
funcdo hormonal ovariana através da utlizagdo de anélogos do GnRH (ex:
goserelina), de inibidores da aromatase (ex: anastrazol) ou da realizacdo de
ooforectomia bi-lateral,

Como pode ser observado, tratamentos indicados pela FEBRASGO (2013)
sao corroborados por estudos que envolvem a identificacdo da positividade ou ndo
dos biomarcadores tumorais que vém ganhando, cada vez mais, terreno na
terapéutica do cancer de mama envolvendo, inclusive, os aspectos muito atuais da

farmacogenética e da farmagogenémica (CHUNG et al., 2013).

1.5 Potencial uso terapéutico de compostos retindicos no cancer de mama

BN

Uma vez que determinados genes estdo intimamente ligados a génese do
cancer foi desenvolvida a “terapia da diferenciagcao celular”, considerada como uma
nova esperanca no tratamento desta doenca. Esta terapia estd subsidiada na
possibilidade de que os genes alterados no cancer de mama possam ser novamente
modulados, similarmente ao que ocorre no estado diferenciado permitindo, assim, a
inducdo de apoptose destas células e ndo a sua simples destruicdo por agentes
farmacologicos (JAIN; ALAHARI, 2011).

Entre os genes relacionados a apoptose encontram-se 0s genes Bcl-2 e BAX
gue ja foram referidos anteriormente. Entretanto, evidéncias sugerem que moléculas
guimicas podem modular tais genes interrompendo seu efeito tumoral. Assim, um
conjunto grande de pesquisas se volta, hodiernamente, para a andlise dos efeitos de
compostos na modulacdo da diferenciacdo do cancer, como os retinéicos (ALTUCCI,
GRONEMEYER, 2001; KOAY et al., 2010; SUN; LOTAN, 2002; TANG; GUDAS,
2011).
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Um conjunto consistente de evidéncias sugere que a molécula do acido
retindico (vitamina A) atua diretamente na sinalizacdo que regula a diferenciacéo
celular no cancer de mama. A vitamina A e seus derivados retingicos exercem uma
ampla variedade de efeitos no desenvolvimento embrionario, no crescimento e
diferenciacdo celulares e, também, na apoptose. A vitamina A n&o pode ser
sintetizada por qualquer tipo de animal. Entdo, sua obtencéo, obrigatoriamente, deve
ser feita pela dieta na forma de retinol, retinil, retinal e acido retindéico (de origem
animal) ou beta-criptoxantina, alfa e beta-carotenos (de origem vegetal) sendo este
altimo o mais ativo dos carotendides pré-vitamina A (CAMPOS; ROSADO, 2005) e,
conforme Bushue e Wan (2010) existem mais de 400 moléculas naturais e sintéticas
gue sao estrutural ou funcionalmente relacionadas a vitamina A.

O Aacido retindico regula varios processos biolégicos através da sua ligacdo
com uma série de proteinas produzidas pelo organismo. Entre estas proteinas se
destaca a proteina celular ligante ao retinol (cellular retinol-binding protein, CRBP),
proteinas ligantes ao retinol (retinol-binding proteins), proteina celular ligante ao
acido retindico (cellular retinoic acid binding protein, CRABP) e receptores nucleares
como o receptor do acido retindico (retinoic acid receptor, RAR) e o receptor
retindide X (retinoid x receptor, RXR) (BUSHUE; WAN, 2010).

Conforme Clarke et al. (2004) e Brtko (2007) a acao biolégica dos retindides &
mediada pela formacdo de heterodimeros entre essas duas familias de receptores
conhecidas como RARa, RARB e RARYy, que pertencem aos receptores do acido
retindico, e RXRa, RXRB e RXRYy, que pertencem aos receptores retindides X como
ja foi referido.

O papel do acido retindico na prevencao e tratamento do cancer tem recebido
grande atencdo devido aos seus efeitos terapéuticos ou, como agente
quimiopreventivo devido a suas propriedades de diferenciagdo celular,
antiproliferativas e pré-apoptoticas. Estudos epidemiolégicos tém sugerido que a
baixa ingestao de vitamina A aumenta o risco de desenvolvimento de cancer o que é
corroborado por estudos em modelos animais em condi¢cdes controladas de
laboratério (SUN; LOTAN, 2002).

Investigacdes tém observado que os retindides tém a capacidade de suprimir
a carcinogénese em modelos experimentais de cancer de pele, cancer da cavidade
oral, pulméo, bexiga, prostata, ovario e de mama. Em seres humanos, lesbes

epiteliais pré-malignas de céncer podem ser revertidas por compostos retinoides
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induzindo a diferenciacdo de células mieldides e a prevencdo do cancer de pulmao,
figado e de mama (BUSHUE; WAN, 2010).

No caso, a sinalizacdo dos receptores retindides pode modular a expressao
dos genes relacionados ao ciclo celular e a apoptose. Esta modulagédo faz com que
a célula retome a sua capacidade de diferenciacéo, interrompendo o processo de
multiplicacdo anarquica e descontrolada que ocorre nas neoplasias (FLODROVA et
al., 2013; GINESTIER et al., 2009; ZENG et al., 2013).

No cancer de mama, especificamente o todo-trans &cido retindico também
conhecido como ATRA, sigla em inglés para all-trans retinoic acid, tem sido utilizado
em protocolos clinicos internacionais. Seu uso é indicado em alguns paises porque o
cancer de mama esta associado ao alto risco de trombose, principalmente durante a
guimioterapia e a hormonioterapia. Este efeito colateral tem que ser combatido, e
estudos sugerem que o ATRA, além dos efeitos anticarcinogénicos, tem efeito
antitrombético (BRTKO, 2007; MARCHETTI et al., 2011). Entretanto, no Brasil, seu
uso ainda ndo consta no protocolo da FEBRASGO (2013).

Investigacdes in vitro tém mostrado que células de cancer de mama tratadas
com retindides apresentam efeitos antiproliferativos, principalmente naquelas com
receptor de estrogénio positivo como € o caso da MCF-7 (CZECZUGA-SEMENIUK;
LEMANCEWIKS; WOLCZYNSKI, 2009). Entretanto, outra questdo que precisa ser
explorada € o0 quanto retindides presentes em alimentos da dieta humana,
principalmente frutos, podem influenciar na prevengdo e no tratamento das
neoplasias. Isto porque, muitos frutos possuem, inclusive, grandes concentragdes do
ATRA (DE ROSSO; MERCADANTE, 2007; RIBEIRO; CRUZ, 2012).

1.6 Componentes bioativos da dieta na prevencao e tratamento do cancer: o
papel dos retindides

Investigacdes conduzidas, principalmente, nestes dltimos vinte anos sugerem
gue, além das propriedades nutricionais, os alimentos possuem compostos bioativos
gue tém efeitos preventivos e terapéuticos em doencas cronico-degenerativas como
€ 0 caso do cancer. Estudos, como o realizado por Pérez-Lopez et al. (2009),

envolvendo tipos de dieta como a do Mediterraneo, por exemplo, jaA sdo bastante



20

conhecidos e demonstram a importancia dos componentes bioativos presentes nos
alimentos que compdem a dieta humana nos indicadores de saude. Entre estes
estudos, se destaca o European Prospective Investigation into Cancer and Nutrition
(EPIC) Study, desenvolvido em 23 centros de pesquisa e dez paises europeus, que
demonstrou associacao entre dieta e cancer (GONZALES; RIBOLI, 2010).

No Brasil, a incidéncia e a prevaléncia do cancer de mama variam conforme a
regido do pais. Chama a atencéo o fato de que na Regido Norte estes nimeros sao
menores do que nas demais. Dados epidemioldgicos oriundos do Sistema Unico de
Saude do Ministério da Saude-DATASUS (BRASIL, 2011) permitem analises que
mostram que Manaus-AM é uma das capitais com menor indice relativo de 6bitos
por cancer de mama assim como outros tipos de cancer.

Apesar de ndo se poder descartar a potencial acdo de outros fatores
ambientais na baixa prevaléncia de cancer de mama observada em Manaus e na
Regido Norte, fatores alimentares relacionados a dieta amazbnica que ainda
mantém uma forte influéncia pré-colombiana podem contribuir com este quadro
epidemiolégico (RIBEIRO; CRUZ, 2012).

Esta afirmativa é corroborada por pesquisas populacionais, como a conduzida
por Krewer et al. (2011) na qual os autores compararam a saude de idosos
ribeirinhos que vivem no municipio amazoénico de Maués-AM e que habitualmente
ingerem guarana com o0s que nao ingerem. Os resultados mostraram que 0s idosos
gue consomem guarana apresentavam menor prevaléncia de doencas
cardiovasculares, obesidade, hipertensdo, diabete mellito e também de neoplasias.
Tais investigacdes sugeriram fortemente a existéncia de uma interacdo entre
aspectos étnicos da populacéo e fatores ambientais onde o modus vivendi®, que
inclui a dieta, assume papel de grande importancia.

Entre as morbidades que estdo fortemente relacionadas com a dieta, as
neoplasias tém um papel destacado. Entretanto, esta relacdo parece ultrapassar os
limites da prevencédo e avancar em direcdo as estratégias terapéuticas (RIBEIRO;
CRUZ, 2012). Por este motivo, pesquisas complementares em outros frutos
amazonicos, além do guarand, sédo de grande relevancia, em especial, naqueles que
sdo ricos em carotendides contendo, inclusive, o composto ATRA. De Rosso e

Mercadante (2007) realizaram um estudo para identificar e quantificar compostos

! estilo de vida
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retindides em seis frutos amazénicos: buriti, mari-mari, pupunha, mamey, camapu
(fisalis) e o tucuma que € um fruto regional habitualmente consumido tanto pela
populacao residente na zona urbana de Manaus como pelos ribeirinhos (MIRANDA
et al., 2001).

1.7 Caracterizacdo do Tucuma (Astrocaryum aculeatum, G.F. Meyer) e seu
potencial efeito antitumoral

Entre os alimentos que possuem uma concentracdo e diversidade de
carotendides na sua constituicdo, encontra-se um fruto que faz parte da dieta
amazobnica: o tucumd, cujo nome cientifico €é Astrocaryum aculeatum
(CAVALCANTE, 1991).

Conforme Henderson (1995) o tucumd@ € uma palmeira comumente
encontrada em pequenas densidades no interior da floresta e, em maior nimero,
nas areas abertas, seguindo, principalmente, a ocupacdo humana. Trata-se de uma
espécie solitaria, monoica que, com o estirpe ereto, mede de 8 a 20 m de altura
(Figura 2).

Figura 2 — Astrocaryum aculeatum, um fruto Amazdnico rico em moléculas retindides (nomes
comuns: tucumd, tucum no Brasil; wara, awara ou awarra nas Guianas; chontilla no
Equador). (A) A palmeira do tucuma é nativa da regido da floresta tropical da Amaz6nia;
(B) Aspecto externo do tucumd; (C) A semente preta do tucuma € recoberta
externamente por uma polpa comestivel alaranjada e oleosa a qual foi utilizada para
produzir os extratos etandlicos testados neste estudo assim como a casca verde-
amarelada. Fonte: Adaptado de Henderson (1995).
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Esta palmeira, conhecida como tucumanzeiro, se distribui geograficamente
pela Amazonia central e ocidental. No Brasil, € frequentemente encontrada nos
estados do Amazonas, Para, Roraima, Rondonia e Acre, distribuindo-se, também,
pelas Guianas, Peru e Coldmbia. Assim, este fruto possui outros nhomes comuns
dependendo do local onde é encontrado: na Guiana Francesa, por exemplo, é
conhecido como wara ou awara, enquanto que, no Suriname, € chamado de awarra
e no Equador de chontilla (HENDERSON, 1995).

A familia Arecaceae, que inclui o tucuma, é constituida por plantas muito
caracteristicas da flora tropical, entre cerca de 2500 a 3500 espécies de palmeiras
identificadas de acordo com Uhl e Dransfield (1987). Tais plantas se constituem num
dos grupos ecologicamente mais importantes para as populacées do interior da
Amazénia conforme Mendonca e Araujo (1999) ja que, praticamente, todas as suas
partes sdo aproveitadas: na alimentacdo, uso medicinal ou, até mesmo, na
construcdo de casas (cobertura, assoalho e parede feitas das folhas) como relata
Miranda et al. (2001).

A polpa do tucuma € apreciada e consumida pela populacdo na forma in
natura ou como recheio de sanduiches, tapioquinha, cremes e sorvetes (YUYAMA et
al., 2008). O fruto € uma drupa globosa ou ovéide, cujo mesocarpo é fibroso e de
coloracdo amarelo-alaranjada, contendo alto teor de pro-vitamina A, como citam
Aguiar et al. (1980) e Marinho e Castro (2002). Ja, a presenca de lipidios e o alto
valor energético sao referidos por Aguiar et al. (1996) e Yuyama et al. (2005).

Apesar de ser um fruto rico em carotendides, um namero muito reduzido de
estudos foi conduzido, até o presente, sobre o0 mesmo. Na revisdo da literatura feita
no Medline utilizando como palavra-chave o “género Astrocaryum” foram
identificadas pouco mais que uma dezena de publicacdes. No Scielo, menos de
cinquenta estudos foram identificados. J&, no banco de tese da CAPES, ndo chega a
uma centena a quantidade de estudos em nivel de mestrado e doutorado
relacionados ao género Astrocaryum. Embora, a maior parte dos estudos visou
guestbes agrobioldgicas relacionadas ao tucuma e nao seus potenciais efeitos
biologicos, algumas informacdes relevantes foram obtidas.

O estudo realizado por Picanco (1997) analisou a composi¢cdo centesimal,
mineral, o conteudo de vitamina A e a caracterizagdo dos acidos graxos da polpa do
tucuma. Os resultados mostraram quantidades significativas de vitamina A. A polpa

também é rica em minerais como: calcio, ferro, fosforo, magnésio, soédio e zinco.
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Outra investigacgao, feita por Moreira (2000), que avaliou a composi¢ao nutricional de
frutos de algumas palmeiras, descreveu que o tucuma possui 58,6% de lipidios na
polpa e 37,6% na améndoa. Na polpa, 46,96% das gorduras eram saturadas,
27,06% eram monoinsaturadas e 4,2% eram poliinsaturadas. Os teores protéicos
foram estimados em 8,44% para a polpa e 12,06% na améndoa.

A investigacdo realizada por Bora et al. (2001) sobre a qualidade das
gorduras e proteinas do tucuma descreveu um total de 22 a 25 acidos graxos. Entre
0s acidos graxos insaturados os principais foram o acido palmitico, o acido é&rico, o
oléico e o linoléico. As proteinas da polpa apresentaram aminoacidos essenciais em
concentracao relativamente alta, com excecdo da metionina e da lisina que estavam
em baixas concentracoes.

Estudos sobre a caracterizacdo nutricional e quimica do tucuma mostraram
gue além do alto valor energético, o tucuma é reconhecidamente fonte de pro-
vitamina A. O teor de B-caroteno no fruto in natura é, em média, 10,28 mg.(100 g)™
e na polpa desidratada pulverizada (farinha), 12,06 mg.(100 g)™. Assim, 100 g de
parte comestivel do tucuma fresco fornecem 0,85 mg de retinol, e a polpa
desidratada pulverizada (farinha), 1 mg. Em se tratando de recomendacdes, isto
significa que 100 g de polpa fresca de tucuma suprem 95,2% das necessidades
diarias de um homem adulto, ou que 46,67 g de polpa (aproximadamente trés frutos)
suprem 100% da necessidade diaria de uma crianca de 4 a 6 anos (YUYAMA et al.,
2008).

Em comparacédo a certas hortalicas como, por exemplo, a cenoura (Dalcus
carota) e a abdbora (Cucurbita sp.), Godoy e Rodriguez-Amaya (1998) observaram
gue o tucuma apresentou uma concentracado 339,5% maior de pro-vitamina A do que
a cenoura cozida, 311,7% maior do que a cenoura fresca e 478,0% maior do que a
abdbora cozida.

Adicionalmente, ao contrario de outros frutos também ricos em compostos
carotendides, segundo autores como De Rosso e Mercadante (2007), o tucuma
seria pobre em compostos polifendlicos como os flavondides. Entretanto, esta
afirmativa ndo foi confirmada pelo trabalho conduzido por Gongalves (2008). Talvez,
estas diferencas de resultados se devam a avaliagcdo dos frutos em diferentes
momentos ontogenéticos ou provenientes de regibes também diferenciadas.

Na sua composicdo sdo observados o0s seguintes tipos de moléculas de

retindides apresentados na Tabela 1.
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Tabela 1 — Principais retindides encontrados na polpa do tucuma (Astrocaryum aculeatum)
determinados por De Rosso e Mercadante (2007)

Tipos de moléculas Concentracéo pg/g
Vitamina A 62,65
All-trans-B-caroteno (ATRA) 47,36
All-trans-a-caroteno 1,68
All-trans-3-criptoxantina 1,64
13-cis-B-caroteno 1,60
All-trans-a-criptoxantina 1,30
Zeinoxantina 1,02
All-trans-luteina 0,79
Cis-y-caroteno 3 0,89
15-cis-B-caroteno 0,80
5,8-epoxi-B-caroteno 0,76
cis-3-zeacaroteno 2 0,65
cis-B-zeacaroteno 1 0,60
All-trans-0-caroteno 0,52
All-trans-B-zeacaroteno 0,44
All-trans-y-caroteno 0,35
All-trans-neoxantina 0,26
Cis-violaxantinas 0,24
Cis-neoxantinas 0,18
All-trans-zeaxantina 0,16
All-trans-g-caroteno 0,14
Cis-luteina 0,04

Fonte: De Rosso e Mercadante (2007)

Com base nestas evidéncias, Garcia (2012) avaliou e quantificou a presenca
de outros compostos bioativos presentes em extratos etandlicos da polpa e casca do
tucuma no qual foram identificados alcaldides, taninos e flavondides como a
guercetina, rutina, acido galico, acido clorogénico e acido cafeico. Adicionalmente,
este autor observou grande capacidade antioxidante destes extratos e propriedade
de reversdo de efeitos causados por moléculas pré-oxidantes como é o caso do
peréxido de hidrogénio. Estes resultados fortaleceram a hipétese de que o tucuma
teria potencial efeito antitumoral. Entretanto, ndo pode ser descartada a hipotese de
gue, dependendo da concentracdo, este fruto também poderia apresentar efeitos
cito-genotoxicos em células saudaveis.

Com a emergéncia na utillizacdo de produtos naturais, tanto na
suplementacao alimentar quanto na terapéutica farmacoldgica, discussdes sobre a

seguranca do uso destes produtos tém sido intensificadas. Internacionalmente ja
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existem orientagOes sobre a necessidade de testes que avaliem a seguranga no uso
destes produtos, como é o caso do Guideline on Non-Clinical Documentation for
Herbal Medicinal Products in Applications for Marketing Authorisation (KELBER;
STEINHOFF; KRAFT, 2012). Entretanto, a quantidade de estudos sobre o potencial
efeito citotdxico e genotdxico de produtos naturais ainda € considerada insuficiente.
Neste sentido, investigacfes sobre ervas e frutos devem se orientar, ndo sO para o
seu potencial uso farmacolégico, mas, também estimar as concentracdes que
estariam dentro de limites de seguranca considerando aspectos cito-genotoxicos.

A ocorréncia de resposta bioldgica a determinadas moléculas, compostos
guimicos ou extratos pode acontecer através de um efeito néo linear. Este fenbmeno
produz uma curva em formato de U (U-shaped) ou de U invertido. Considerando a
influéncia de um determinado farmaco na sobrevivéncia de células cancerosas, o
inicio da curva indica a amplitude das concentragdes mais baixas que ndo causam
nenhum ou pouco efeito; as concentracfes intermediarias sdo as que possuem 0
efeito  biolégico desejavel (diminuem a sobrevivéncia, indicando efeito
anticarcinogénico); e, nas concentragdes mais elevadas, ocorre a perda do efeito ou
mesmo o aparecimento de efeitos indesejaveis (aumentam a sobrevivéncia das
células tumorais indicando efeito pré-carcinogénico). Este fendbmeno € também
conhecido como hormese (KELBER; STEINHOFF; KRAFT, 2012).

A hormese foi, inicialmente, identificada através de estudos de dois
pesquisadores alemdes em épocas diferentes. Um, farmacologista, no final do
século XIX, e o outro, médico, na década de 1940. Ha ainda algumas restricdes para
a aceitacao universal de tal conceito. Nos Ultimos anos, varios estudos sobre o tema
foram publicados em periédicos cientificos, sendo 80% deles apds o ano 2000
(CALABRESE; BALDWIN, 2001).

Acredita-se que a identificacdo do efeito hormético pode auxiliar na
determinacdo da faixa terapéutica mais eficaz e segura de uma dada molécula.
Sendo assim, € aconselhavel que investigacfes sobre a potencial acdo terapéutica
de produtos naturais também incluam estudos indicativos de hormese, utilizando
para tanto modelos in vitro com células saudaveis (CALABRESE; BALDWIN, 2001).

Por este motivo, a andlise do efeito do tucuma em células como as células
mononucleares do sangue periférico (CMSPs) € relevante, a fim de se determinar se
a faixa de concentracdo que apresenta efeito antitumoral ndo € téxica o suficiente

para causar morte ou mesmo danos genotoxicos nas celulas saudaveis.
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1.8 Justificativa

Apesar dos avangos terapéuticos no tratamento do cancer de mama, existem
algumas situacdes nas quais ocorre resisténcia aos quimioterapicos e/ou efeitos
adversos tromboembolicos associados a terapia convencional. Investigacfes
sugerem que o uso do ATRA seria uma estratégia para minimizar estas condicoes.
Entretanto, sdo poucos os estudos que avaliam o papel de frutos ricos em retindides
na agao antitumoral contra o cancer de mama. Tais estudos sao importantes de
serem realizados considerando o papel destes frutos na prevencdo ao cancer.
Levando-se em conta que existe uma grande concentracdo de ATRA no tucuma, a
andlise do seu potencial efeito antitumoral na linhagem celular de cancer de mama
MCF-7, que é sensivel a este retindide, é justificada, principalmente, utilizando
concentragbes da polpa que ndo possuam efeitos cito-genotoxicos ou que estes
estejam atenuados. Por tratar-se de uma doenca de alta prevaléncia e mortalidade
torna-se importante o desenvolvimento de novas abordagens de prevencdo e

tratamento, principalmente, se resultarem em custos menores.

1.9 Objetivos

1.9.1 Geral

Avaliar, o efeito in vitro do tucuma (A. aculeatum) na cito-genotoxicidade em
CMSPs e sua agdo anticarcinogénica na linhagem MCF-7 de cancer de mama,
investigando o potencial efeito farmacogenomico na via apoptética e no metabolismo

oxidativo.

1.9.2 Especificos

e Determinar as principais moléculas bioativas presentes nos extratos de
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polpa e casca do tucuma,;

e Analisar o efeito cito-genotdoxico dos extratos de tucuma (polpa e
casca) em células mononucleares do sangue periférico (CMSPSs)
avaliando a modulacdo dos niveis da caspase 1 como indicador de
morte celular programada (apoptose/piroptose);

e A partir do extrato que apresentou menor potencial cito-genotoxico
avaliar na linhagem comercial de cancer de mama MCF-7 o efeito
anticarcinogénico e farmacogenomico via analise da: viabilidade e
proliferacdo celular; inducdo da via apoptotica através da analise dos
niveis das caspases 8, 3 e 1 e da expressao dos genes Bcl-2 e BAX;
alteracdo do metabolismo oxidativo celular através da analise de
marcadores do estresse oxidativo (lipoperoxidagcéo e carbonilagcdo de
proteinas), e do sistema antioxidante enddégeno (SOD1, SOD2,
CATALASE, GPX) via quantificacdo enzimatica e modulacdo da

expressao génica.

1.10 Delineamento Geral

O estudo foi desenvolvido em duas etapas, a seguir descritas.

Na primeira etapa foi avaliado o potencial efeito cito-genotoxico dos extratos
da polpa e da casca do tucuma a partir da realizacdo de trés conjuntos de
experimentos, in vitro, utilizando como modelo experimental CMSPs. Os resultados
obtidos foram publicados no periédico Journal of Medicinal Food (v.16, n.11, p.
1013-1021) sob o titulo: The in vitro genotoxic effect of tucuma (Astrocaryum
aculeatum), an Amazonian fruit rich in carotenoids.

Na segunda etapa do estudo foi avaliado, primeiramente, o efeito
anticarcinogénico do extrato de polpa do tucuma na linhagem celular de cancer de
mama MCF-7, utilizando como controle positivo o ATRA (1uM). Neste estudo
também foi investigado o potencial efeito do tucuma na inducdo das caspases 8, 3 e
1 que sdo proteinas apoptoéticas e na modulacdo da expressao dos genes Bcl-2 e

BAX. Uma vez que o tucuma apresenta outras moléculas antioxidantes que tém
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acao antitumoral previamente descrita na literatura, um protocolo adicional avaliou o
efeito tanto do tucuma quanto do ATRA na modulacdo de marcadores oxidativos e
na atividade e expressado génica das enzimas antioxidantes. Os resultados obtidos
originaram um manuscrito submetido ao periédico Molecular Nutrition & Food
Research intitulado: Astrocaryum aculeatum, an Amazonian fruit and ATRA its main
retinoid molecule, exert an antitumoral effect against MCF-7 breast cancer cells by

modulating apoptosis and antioxidant genes.
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ABSTRACT Tucuma (Asirocaryum aculeatum) is an Amazonian fruit that presents high levels of carotenoids and other
hioactive compounds such as quercetin. The extracts of mcuma peel and pulp present strong antioxidant activity which
illustrate an elevated concentration that causes cytotoxic effects in human peripheral blood mononuclear cells (PBMCs). This
study performed additional investigations to analyze the potential genotoxic effects of the tucuma extracts on PBMCs. The
genotoxicity was evaluated by DNA fragmentation, Comet assay, and chromosomal instability G-band assays. The acute
tucuma extract reatment showed genoprotective effects against DNA denamration when compared with untreated PBMC
cells. However, in the experiments with 24 and 72h treatments to mcuma treatments, we observed low genotoxicity through a
concentration of 100 pg/ml., some genotoxic effects related to intermediary concentrations (100-500 pg/mL), and more
pronounced genotoxic effects on higher ucuma extract concentrations. After 24 h of treatment, the reactive oxygen species
were similar among treatments and PBMC control groups. However, the caspase-1 activity related to the apoptosis and
pyroptosis process increased significantly in higher mcuma concentrations. In summary, tucuma extracts, despite their higher
antioxidant content and antioxidant activity, would present PEMCs genotoxic effects that are dependent on concentration and

3

time exposition. These results need to be considered in future in vitro and in vive smdies of tucuma effects.

KEY WORDS: « Astrocaryum aculeatum e DNA damage « genotoxicity « PBMCs o tucuma

INTRODUCTION

HE NUTRACEUTICALS present in fruits and vegetables
have received considerable attention because of their
low cost and wide safety margin ' However, when extracts
are produced from these foods, the increase in the com-
pounds that present biological properties can be harmful and
present toxic effects, including damage to genetic material *
Cellular toxicity can include genotoxic effects. Genotoxic
effects have been reported in vegetable extracts, and the
evaluation of cytotoxic, genotoxic, or mutagenic effects of
plant compounds can minimize the possible risk of these
agents to human health.'
Among the compounds present in vegetables, the carot-
enoids have attracted significant attention due to their
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characteristic biological activities, including anti-allergic,
anti-cancer, and anti-obesity effects” Some Amazonian
fruits can be considered ideal natural carotenoid sources
for consumption or supplementation because of the con-
comitant presence of high amounts of oil and carotenoids in
these fruits that improve the oral bioavailability of these
compounds.®

Tucuma (Astrocarvum aculeatum), an Amazonian palm
fruit, is one of the traditional components of the regional
breakfast. Due to its high popularity, the tucuma can be sold
in the Manaus local markets as well as on downtown
streets.” In Brazil, the common names of this fruit are -
cuma or tucum, whereas in other Latin American regions,
these species are named wara awara, awarra, and chontilla.”

Fruit centesimal composition analysis showed that the
mesocarp contains 412.73 £2 12kcal, 44.9+0.30 wet con-
tent, 10.9 fibers£0.1, 3.5+£0.07 g proteins, 8.5+0.6 carbo-
hydrates, and 40.5£0.5 fats per 100 g pulp. The oil extract
from the tucuma pulp presents 74.4% unsaturated and
25.6% saturated fatty acids that are rich in Omega 3, 6, and
9 farry acids. Micronutrient analysis showed that tucuma
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presents one of the highest concentrations of provitamin A
“beta-carotene”™ with 52 mg per 100 g of pulp. This con-
centration is approximately eight times higher than that
which is found in carrots (6.6 mg/100¢g pulp).®

The tucuma carotenoid’s evaluation described 24 ca-
rotenoids, of which 21 were chemically identified. The all-
trans-fi-carotene was found to be the main carotenoid,
representing 75% of the total carotenoid content in tucuma
followed by 13-cis-ff-carotene, all-trans-x-carotene, and
all-trans-fi-cryptoxanthin, with each representing from
2.09% to 2.8% of the total carotenoid content. The other 19
carotenoids represent 15% of the total content.®

Previous studies defined other bicactive compounds in
tucuma pulp as catechins (79+5mg/100 g sample dry
weight), quercetin (2.96£0.05mg/100 g sample dry weight)
a general antioxidant capacity as well as antiinflammatory
activity *10

Within this context, the tucuma extracts from peel and
pulp could represent a potential effect on human health.
However, it will be important to determine the range of
concentrations that do not present toxic effects on cells. For
this reason, we performed a complementary investigation to
evaluate whether tucuma extracts present some genotoxic
effect using human peripheral blood mononuclear cells
(PBMCs), such as an in vitro experimental model.

MATERIALS AND METHODS
Tucuma extract production and chemical characterization

Tucuma peel and pulp extracts were obtained from a
compaosite sample representing a mixture of progenies from a
native forest near Manaus City (Amazonas State, Brazil),
located in the Amazonian region (3.08°8, 60.01°W). The pulp
and peel were manually removed and kept frozen at — 18°C
until extraction procedures were performed 1 week later,
producing 800 g peel and 400 g pulp. The ethanolic tucuma
extract was prepared from tucuma pulp and peel samples that
were titrated and placed separately into sealed amber glass
jars containing an absolute ethanol solution, at a ratio of 1:5.
The extraction was performed over 4 days.

The homogenate was filtered through Whatman No. 1
paper and then collected. The ethanol was removed using
a rotary evaporator at reduced pressure, 25°C at 2 g. After
this procedure, the pulp and peel extracts were lyophilized
and stored at —20°C until they were to be used. We ob-
tained 3359 ¢ of peel and 6091 g of dried mucuma pulp
extract.

Chemical characterization of tucuma extracts was per-
formed in triplicate. The total phenolic content (TPC) was
evaluated using Folin—Ciocalten’s method.'"" The TPC
samples were calculated as a gallic acid equivalent from the
calibration curve of gallic acid standard solutions (5, 10, 15,
20, 25, and 30 pg/mL) of 0.29% agueous gallic acid that
followed the same method. The equation obtained for the
calibration curve of gallic acid was y=18.185x-0.0266
(R*=09783). The results were expressed as mg gallic acid
equivalent (mg GAE)/g dry plant extract materials.

The tannin content was measured using the method de-
scribed by Morrison ef al'? with some modifications.
Samples in concentrations of 0.25 mg/mL, 5 mL of solution
A (1g vanillin in 100mL of methanol), and solution B
(8 mL HCI in 100mL of methanol) were used for the ex-
periment. The samples were read at 500nm in a spectro-
photometer. The total tannin content was expressed in
milligram equivalents of catechin per gram of each fraction.
The equation obtained for the calibration curve of catechin
in the range of 0.001-0.025 mg/mL was y=0.00015x+
0.005 (r=0.9989).

The alkaloid content was determined using the method
described by Sreevidja and Mehrotra,'” where Drmagen-
dorff"s reagent precipitates alkaloids in plant materials. The
samples were read at 435nm in the spectrophotometer.
The equation obtained for the calibration curve of bismuth
nitrate pentahydrate solution in the range of 0.01-0.09 mg/
mL was y=22783x+0.0361 (r=0.9997).

The quantification of f-carotene and quercetin investi-
gation was performed using reverse-phase chromatographic
analyses (HPLC). The HPLC analyses were carried out
under gradient conditions using the C18 column (4.6 mm x
250 mm) packed with 5 um diameter particles; the mobile
phase was water containing 2% acetic acid (A) and meth-
anol (B), and the composition gradient was 5% of B for
2 min, then changed to obtain 25%, 40%, 50%, 60%, 70%,
and 100% B at 10, 20, 30, 40, 50, and 80 min, respectively,
following the method described by Laghari er al.,"* with
slight modifications. The lyophilized tucuma peel and pulp
extracts were analyzed and dissolved in ethanol at a con-
centration of 3mg/mL. Identification of the compounds
was performed by comparing their retention time and UV
absorption spectrum with commercial standards. The flow
rate was 0.8 mL/min, injection volume was 40 ul, and
the wavelength was 365 nm for quercetin and 450 nm for
fi-carotene. All the samples and the mobile phase were
filtered through a 0.45 pym membrane filter (Millipore,
Billerica, MA, USA) and then degassed by an ultrasonic
bath before use. Stock solutions of standard references
were prepared in the HPLC mobile phase at a concentration
range of 0.020-0.200 mg/mL for fi-carotene and quercetin.
The chromatography peaks were confirmed by comparing
its retention time with those of reference standards and
by DAD spectra (200 to 600 nm). The calibration curve
for quercetin is v=13,495x— 1092.6 (r=0.9999) and f-
carotene: y=13,68 lx— 1518.7 (r=0.9999),

Tucuma extract treatments

To perform the experimental assays, the extracts were
first diluted in 40% ethanol in order to improve their solu-
bilization. The solution was then diluted in a cellular me-
dium culture to obtain <0.5% ethanol concentration in all
tucuma concentrations tested here. The ethanol was also
added in all control treatments to eliminate the potential
influence of this molecule in the results obtained. The con-
centration of tucuma extracts tested in this study was 5, 10,
100, 500, and 1000 pg/mL.
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Human PBMC culture conditions

We used PBMC cells from three healthy human donors to
test the potential in vitro genotoxicity of cuma extracts as
previously described in Montagner ef al.'® Briefly, peripheral
blood samples were collecied afier a 12h ovemight fasing
period by venipuncture using top Vacutainer (BD Diagnostics,
Plymouth, United Kingdom) tubes with he parin. One aliquot of
each sample was used for cell culture; the other aliquots were
used for biochemical and DNA damage analysis. Blood
specimens (SmL) were routinely cenrifuged within 1h of
collection for 15 min at 2500 g; leucocyte samples were used to
obtain PBMCs through a gradient centrifugation. The PBMCs
were immediately transferred to culure media containing
RPMI 1640 (Gibco, Life Technologies, Grand Island, NY,
USA) with 10% fetal calf serum (FCS) and 1% penicillin/
streptomycin. The cells were maintained in a suspension cul-
wre at 37°C in a 5% humidified CO, atmosphere.

Genotoxicil v assays

We performed five general protocols to test whether the
tucuma extracts present in vitre genotoxic effects on human
PBMCs.

DNA picogreen denaturation assay

The DNA denaturation assay was applied by a protocol
previously described by Batel ef al.'® The method is based
on the ability of the specific fluorochrome dye (PicoGreen™)
to make a very stable complex with dsDNA in alkaline
conditions instead of ssDNA, proteins, SDS, and urea. This
selectivity characteristic is used to follow DNA denaturation
with decreasing fluorimetric signal intensity proportionate
to increasing ssDNA and mononucleotide content. Initially,
we evaluated the potential acute effect of tucuma extracts on
DNA denaturation.

Two tests were performed: acute effect of tucuma extracts
on DNA damage and after 24h of PBMC treatment to tu-
cuma extracts. In the acute effect experiment, a kinetic of
DNA denaturation (15, 30 and 60 min) was evaluated. The
fluorescence was measured at an excitation of 485 nm and
an emission of 520nm recorded at room temperature
{SpectraMax M2/M2e Multi-mode Plate Reader; Molecular
Devices Corporation, Sunnyvale, CA, USA). Expressions of
results to DNA strand-break calculations were made in re-
lation to control values at each time in denaturation after
correction for blank readings. Blank values were measured
in wells containing only the samples. Results were ex-
pressed as a percentage of dsDNA calculated for each
treatment in relation to the untreated control samples.

Alkaline DNA comet and chromosomal instability
by cviogenetic G-band assays

In the second protocol, we tested the potential genotoxi-
city of tucuma extracts. In this experiment, we evaluated the
effect of tucuma extracts at different concentrations on DNA
damage using alkaline DNA Comet and chromosomal in-
stability by cytogenetic G-band assays.

The Comet assay was used to test the effect of tucuma
extracts on PBMCs cellular DNA damage. The assay was
performed as described by Singh e al.'” in accordance with
eeneral guidelines. Overall, 100 cells (50 cells from each of
the two replicate slides) were selected and analyzed. Cells
were visually scored according to tail length and received
scores from 0 (no migration) to 4 (maximal migration).
Therefore, the damage index for cells ranged from 0 (all
cells with no migration) to 400 (all cells with maximal
migration). The slides were analyzed under blind conditions
by at least two different researchers.

Karyotype analysis can provide clues to significant genes
involved in the genesis and growth of several cancers.
Therefore, we tested whether the tucuma extracts induced
changes in mitotic index (MI) and chromosomal instability
evaluated by the G-band cytogenetic carried out by optical
microscopy analysis, that is, the most commonly used
standardized method to detect chromosomal abnormali-
ties."® The nuclei found at the centerline of the slide glass
were observed, counted, and classified by considering the
oocurrence of intact nuclei (in interphase or prophase), intact
metaphases, and three indicators of chromosomal instability:
broken chromosomes, karyiopyknosis, and karyyorrhexis/
karyolysis. The karyopyknosis is chamacterized by a cyto-
logical condition caused by shrinkage of the nucleus of a cell
with the condensation of the chromatin into structure-less
masses. The karyyorrhexis and karyolysis are the destruc-
tive fragmentation of the nucleus of a dying cell by which its
chromatin is distributed irregularly throughout the cyto-
plasm that occurs as a result of either programmed cell death
or necrosis. The MI that indicates the cell proliferation level
was also evaluated to each of the treated and untreated
PBMC samples. The MI observed was represented by the
percentage of metaphases divided by the total nuclei ob-
served in each treatment. Two replicates of each treatment
were performed and analyzed.

Reactive oxygen species assay

We evaluated whether the tucuma extracts in different
concentrations present effects on cellular oxidadve metabo-
lism, altering the intracellular reactive oxygen species (ROS)
production that could be related o genotoxic effects. There-
fore, ROS production was determined in all PBMC reatments
with 24 h of tucuma extract treatments using the non-fluores-
cent cell permeating compound 2'-7'-dichlorofluorescein dia-
cetate (DCFDA) assay. In this technique, the DCFDA is
hydrolyzed by intracellular esterases to DCFH, which is trap-
ped within the cell This non-fluorescent molecule is then
oxidized to fluorescent DCF by cellular oxidants. After the
designated treatment time, the cells were treated with DCFDA
(10 M) for 60 min at 37°C. In the assay, 1 % 10° a cell 1o each
sample was used to measured ROS levels.

The fluorescence was measured at an excitation of 488 nm
and an emission of 525nm (SpectraMax M2/M2e Multi-
mode Plate Reader; Molecular Devices). All tests were
performed in triplicate for each of the samples tested. The
results were expressed as % of non-treated control cells
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where the absorbance observed in the treatments was di-
vided by the average absorbance of control group. This
value was multiplied by 100 to give the percentage of ROS
in relation to the control group. Values above 100% indicate
increased levels of ROS, while those below 100% denote
lower levels of ROS.™

Caspase-1 activity assay

The potential programmed cell death induction was ana-
lyzed from the evaluation of caspase-1 activity™ that is in-
volved in pyroptosis and also apoptosis processes of PBMCs
treatment to tucuma extracts at different concentrations. The
PBMCs were incubated under the conditions described
earlier for 24 h. The analyses were performed using the
Quantikine Human Caspase-1 Immunoassay to measure
caspase-1 in cell culture supernates using a microplate with
96 wells, according to the manufacturer. Briefly, all reagents
and working standards were prepared, and the excess mi-
croplate strips were removed. The assay diluent RD1W was
added (50 uL) to each well. Furthermore, 100 ul of the
standard control for our sample was added per well, covered
with an adhesive strip, and incubated for 1.5h at room
temperature. Each well was aspirated and washed twice, for
a total of three washes. Caspase-1 antiserum was added to
each well and covered, given a new adhesive strip, and in-
cubated for 30 min at room temperature. The aspiration/
wash step was repeated, and the caspase-1 conjugate (100
(L) was added to each well and incubated for 30min at
room temperature. The aspiration/wash step was repeated,
and 200 pL of substrate solution was added to each well and
incubated for 20 min at room temperature. Finally, the 50 yL
stop solution was added to each well, and the optical density
was determined within 30min using a microplate reader set
to 450 nm. Experiments were performed in triplicate.

Statistical analysis

Data are presented as mean =standard error of the mean.
Statistical differences between pulp and peel bioactive
compound concentrations were compared by Student’s
t-test. The comparison among genotoxic effects of tucuma
extracts at different concentrations was performed by ana-
lyzing the one-way variance followed by a Tukey posi hoc
test. Chromosomal instability frequency among treatments
was compared by chi-square test. All statistical analyses
were performed where all P-values were two tailed, and
P< 05 was considered statistically significant.

RESULTS

The TPC value was 941.8 £0.07 mg/GAEg in peel and
872.1£0.06 mg/GAEg in pulp extracts. The chemical
characterization of other bioactive compounds also showed
higher concentrations in peel when compared with pulp
extracts (Fig. 1).

The first experiment evaluated the acute effect of tucuma
extracts on PBMC DNA fragmentation, and the results are
presented in Figure 2. The PBMCs treated with tucuma peel
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FIG. 1. Bicactive compounds detected by spectrophotometry (total
flavonoids, tannins, and alkaloids) and HPLC (f-carotene and quer-
cetin) present in tucuma peel and pulp extracts compared by Sm-
dent’s i-test (*P< 03; **P < 01; ***P < 001). Graphic bars represent
meant standard error.
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FIG.2. DNA denatration of human peripheral blood mononuclear
cells (PBMCs) after treatments with mcuma peel (A) and pulp (B)
extracts at concentrations correspondent to 5 (m). 10 (&), 100 (m).
500 (@), and 1000 (Q), and expressed as ug/mL. Percentages of
dsDNA were calculated in relation to the untreated control, and each
of the symbols represents means + standard error of the mean (SEM)
(=8 wells) obtained in experiments. (*) Significant differences
(F < (15) versus control { # ) evalated by Measure Repeated analysis
of variance followed by post fioc Tukey test.
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TapLe 1. DNA MiGRATION IN THE COMET ASSAY peel extracts presented higher DNA degradation than the
FOR ASSESSMENT OF GENOTOXICITY control group (P=.0001). However, in PBMC exposed to
oF Tucuma EXTRACTS Exrosimion tucuma pulp extracts, 51.4% of dsDNA degradation oc-
1N PERIPHER AL BLoon MononvcLEar CeELL CULTURE Cllrfﬂj in Onl_',' ]mﬂ ,ugfl'llL 0[ pulp extract wheﬂ COInpar\ﬂ:l
. . with the control group, indicating some genotoxicity effect
Comet frequency | per 100 nuclei analyzed) B
Treaimenis Jrequency (x s Index (P=.0001).
{uginl) 0 I 2 3 4 damage The results of genotoxicity induced by tucuma extracts
Control 7 0 3 P P 013 using comet assay und_er alkaline c?ond.lt!ons are desmbe_d in
Peel Table 1. The damage index was higher in all concentrations
5 67 ] g 1 0 033 of both extracts when compared with the PBMC control
10 &7 20 10 3 0 0.33 group (P=.0001).
100 4 30 14 8 4 056 The potential effect of tucuma extract on chromosome
5‘-::) j}ﬁ 5 ”3 8 14 *g--sf instability was also evaluated, and the results are presented
m:* . 2 21 1C 17 # 072 in Table 2 and Figure 3. The MI was influenced by the
SP &3 . 7 . 6 037 presence of tucuma extracts. In the lowest concentrations of
10 51 34 10 3 3 0.49 both extracts, the MI was similar to the control group.
100 45 29 1 4 2 0.55 However, from the 100 pg/ml concentration, the mitosis
500 38 20 15 12 15 0.62 decreased dramatically (= 19%) in the peel (P=001) and in
1000 18 28 19 14 21 0.82 the pulp (P=.001).
The chromosome instability was not detected until 100

Index damage: E (1,2,3,4 comet class¥100, .
P df:mﬂ: = pg/mL of both extract’s broken chromosomes could no

longer be observed. The karyiopyknosis frequency was
also lower until it reached a 10 pg/mL concentration in
both extracts (<1.1%). However, karyiopyknosis in-

extracts presented a significant increase in DNA fluores- creased in a concentration-dependent way from a 100 pg/mL
cence when compared with an untreated group in 15, 30, and concentration in both extracts. The Karyorrhexis/karyolysis
60 min of treatment, indicating a genoprotective effect. was observed only in the higher concentrations (500 and 1000
However, the PBMC treated with tucuma pulp extract pre- pe/mL) of tucuma extracts.
sented similar DNA denaturation observed in the control We found significant differences in the MI among the
roup except at a concentration of 10 gg/mL. In this con- cells treated with different tucuma extract concentrations.
centration, the PBMCs fluorescence level was higher than The ROS production for PBMCs culture exposed during
the control group, indicating a genoprotective effect. 24 h 1o different concentrations of tucuma peel and pulp
The second experiment evaluated the potential genotoxic extracts were also examined. Despite the 500 and 1000 ug/
effect on PBMC exposed during 24 h to different concen- mL concentrations, in both extracts, the trend to decrease

trations of tucuma extracts. All PBMCs exposed to tucuma 23-25% the ROS production was found. When compared

TapLE 2. KARYOTYPES ALTERATION IN Human HEALTH PERIPHERAL BLoop MornonwucLEAR CELLS
Exprosen 7O DIFFERENT TucuMa PEEL AND PULP EXTRACTS CONCENTRATIONS

Instability chromosomal markers (7o)

Exiracis/conceniraiion Toial Miiotic iniaci Broken Karvormexis
{pgimL) mieclei (n) index (Fof metaphases (%) chromosomes” Karvopyknosis and karyolysis
Control 958 327 35 0 0.5 0
Peel
5 933 46.6 5.0 0 1.0 0
10 BE8 41.7 4.7 0 1.1 0
100 513 1649 i3 0 449 0
500 393 17.7 03 0.2 10.1 28
1000 #92 35.6 0.4 03 11.2 34
Pulp
5 935 447 32 0 0.5 0
10 852 417 44 0 1.1 0
100 610 220 4.1 [1] 25 0
500 T18 243 0.1 0.9 5.6 L8
1000 893 26.8 03 0.6 73 34

n, number of nuclei counted in each treatment present in central region of glass slide.
“Percentage of cells in the metaphase phase divided by total miclei.
EMetaphases with chromosomal damage.
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Intact metaphases Dicentric chromosome and
acentric fragments
No damage Damage 1 Damage 2 Damage 3 Damage 4

Karyorrhexis

Alkaline DNA Comet damage levels

FIG. 3. Microphotographs of genotoxicity assays: (A) chromosomal instability analysis using G-band cytogenetic technique showing karyo-
types with intact metaphases. broken and in karyyorrhexis: (B) alkaline DNA comet assay showing nucleus without damage. and the nucleus with

different damage levels.

with the control group (Fig. 4A), these differences were not
statistically significant (peel extract P=.167; pulp extract
P=232).

The caspase-1 activity was also evaluated among the
different tucuma extract concentrations to observe the po-
tential triggering of an apoptosis event, mainly pyroptosis in
PBMC cells exposed to >100 pg/mL tucuma extract. As
viewed in Figure 4B, the caspase-1 activity presented an
increase in activity concentration dependence in both ex-

tracts (P=.0001). However, the peel extracts presented
higher caspase-1 activation in 500 and 1000 ug/mL con-
centrations than the pulp extracts (P=.0001).

DISCUSSION

The study described the potential genotoxicity effect of
pulp and peel obtained from the tucuma Amazonian fruit
that is very rich in carotenoids and other bioactive

o

Pulp

Peel

A 3o &3 100 B
5 Em 500
120+ 3 10 W 1000
a a
1004 X a a 38 a g, .
- T g
g ] £
g % 8
8 s
'S 60- 8
= -
; @
g §

Pulp

Peel

FIG. 4. Reactive oxygen species (ROS) levels evaluated by fluorimetric DCFH-DA assay (A) and caspase activity (pg/mL) of human PBMCs
evaluated by immunoassay (B) after 24 h exposition to tucuma peel (A) and pulp (B) extracts at concentrations expressed as pg/mL. No statistical
differences were observed in the ROS levels. Caspase activity of each treatment represented by means + SEM (n=8 wells). **“Different letters
represent significant differences (P <.05) among treatments evaluated by analysis of two-way variance followed by post hoc Tukey test.
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compounds. In the first experiment that evaluated the po-
tential effect of tucuma extracts on DNA denaturation, a
genoprotective action was observed mainly in tucuma peel
extract. These results are most likely related to the high
concentration of antioxidant compounds, mainly f-carotene,
which is found in tucuma fruit.**

However, with the other results obtained from PBMC treat-
ments in which DNA fragmentation was analyzed, DNA cell
damage evaluaied by Comet assay and analysis of chromosomal
instability suggested some genotoxic effect of tucuma extract
in >500 pg/mg concentrations. Since we did not find differ-
ences in the ROS production among the control group and
PBMC treated with tucuma extracts, we can hypothesize that
the antioxidant compounds present in the extracts were me-
wbolized by the cells in the first hours. In these terms, since the
wcuma presented other molecules (tannins and alkaloids) for
which we did not know their specificity, we could not discard
the possibility that some could present toxic effects on
PBMC cells. In addition, several investigations have shown
the antioxidant, pro-oxidant, or both effects.”’

Why do such ambiguous results exist with regard to
carotenoids? Authors such as Krinsky and Johnson®* con-
sider that the reason for this discrepancy may be attributed
to the use of different methodologies (1) in dissolving the
carotenoid to be evaluated, (2) in initiating oxidant stress,
(3) in the presence of other antioxidants, (4) in the type
of animal used for in vive studies, and (5) in the evalua-
tion technique used to determine the efficacy of the vadous
carotenoids. Our results corroborate this suggestion, as we
found different effects considering PBMC acute or chronic
treatment of tucuma extracts.

Other important results are related to differences in the
genotoxic response depending on tucuma concentrations.
From our results, we observed that the lower tucuma extract
concentrations (from 5 to 100 pg/mL) presented more pos-
itive effects than higher concentrations. The occurrence of
U-shaped dose-response relationships (often termed hommn-
esis) of several herbal products has been documented in
numerous biological, toxicological, and phammacological
investigations. Many of the endpoints studied are of con-
siderable significance to public health.®

The potential differential effect of tucuma extract dose
dependence is reinforced by results related to caspase-1
activity that increased in PBMC cultures treated with higher
tucuma extract concentrations { = 500 pg/mL).

Cell death can occur via apoptosis, necrosis, and pyr-
optosis, distinct processes that present morphologic changes,
the presence of DN A fragmentation, chromatin condensation,
cellular lysis, and the release of cytosolic contents to the
extracellular space. ™ The process is distinct from apoptosis
and necrosis, although the pyroptosis is an inflammatory and
amore rapid event than apoptosis.™

The caspase-1 activation results in apoptosis via caspase-7
and is also a key molecule in the pyroptosis process. The
higher caspase-1 activity in PBMC extracts treated with
higher tucuma extracts indicated that these extracts are able
to trigger cellular programmed death, specifically apoptosis

and pyroptosis.

These results suggest that tucuma extracts could have
some effect on cancer biology due to the properties which
induce caspase-1 activation. This suggestion is corroborated
in studies about the effect of retinoids as all-trans-retinoic
acid (ATRA) that are present in tucuma extracts in cancer
cells. Caspase activation is fundamental for retinoid-
induced apoptosis, including caspase-1.2* In promyelocytic
leukemia cells, the growth inhibition, differentiation, and
apoptosis are directly influenced by retinoids via activation
of caspase, in particular, caspase-1. A previous study
showed that bioactive compounds present in tucuma ex-
tracts in high doses suppress the growth of some cell lines
such as cervical carcinoma by activation of caspase-1.*°

Therefore, caspase-1 can operate at the cell-autonomous
level to eliminate malignant precursors through pro-
grammed cell death. On the other hand, in healthy cells, the
activation of inflamed pathways may stimulate the produc-
tion of trophic factors for cancer cells and their stroma.®’
Our results described here indicate that higher tucuma ex-
tract concentrations could not present beneficial effects on
PBMCs, including routes related to inflammation and cell-
programmed pathways.

Conversely, lower tucuma extract concentrations are safe
and potentially present beneficial effects on human physi-
ology that could contribute in the prevention of diseases.

Phytochemicals have great potential in disease preven-
tion, mainly cancer, because of their safety, low cost, and
oral bioavailability. There are numerous reports of cancer
chemopreventive activity of dietary botanicals, including
cruciferous vegetables such as cabbage and broceoli, as well
as Allium vegetables such as garlic and onions, green tea,
citrus fruits, soybeans, tomatoes, berries, and ginger, as well
as medicinal plants. Several lead compounds, such as gen-
istein (from soybeans), lycopene (from tomatoes), brassinin
{from cruciferous vegetables), sulforaphane (from aspara-
gus), indole-3-carbinol (from broceoli), and resveratrol
{from grapes and peanuts), are in preclinical or clinical trials
for cancer chemoprevention.™

When compared with traditional vegetables such as
carrots, tucuma extracts present higher carotenoids con-
centrations, including RAs that are a class of compounds
structurally related to vitamin A These compounds pre-
sented antioxidant activity as well as other biological effects
that regulate a wide range of biological processes, including
embryonic development, differentiation, proliferation, and
apoptosis. The RAs also participate in important physio-
logical functions, primarily in the brain and the reproductive
system.” Investigations have also observed that RAs can
interfere with these events on several levels related to car-
cinogenesis. This is the case of ATRA molecules that pro-
vide essential support to diverse biological systems and
physiological processes.®

Differentiation therapy with ATRA has marked a major
advance and become the first drug of choice in the treatment
of cancers, such as acute promyelocytic leukemia. ATRA is
being increasingly included in anti-tumor therapeutical
schemes for the treatment of various tumoral diseases suchas
Kaposi's sarcoma, head and neck squamous cell carcinoma,
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ovarian carcinoma, bladder cancer, and neuroblastoma. The
ATRA also presents antiangiogenic effects in several sys-
tems, inhibiting proliferation in vascular smooth muscle cells
(VSMCs) and anti-inflammatory in theumatoid arthritis **

Tucuma extracts also present other important poly phenols
such as quercetin. Quercetin is the main flavonoid present in
the human diet. Flavonoids are compounds occurring in
plants that present important antioxidative properties.

Several therapeutic proprieties of flavonoids, mainly of
quercetin, have been studied in the last decade, such as the
antioxidant and anticarcinogenic potential and their pro-
tective effect to the renal, cardiovascular, and hepatic
systems. Most flavonoids have some potentially positive
effects on the cardiovascular system, although the final
pharmacological targets differ markedly among various
flavonoids.*! Biochemical and genetic studies on cellular
and animal models showed that quercetin presents a broad
range of biological properties. Multiple lines of experi-
mental evidence suggest a positive association between
quercetin intake and improved outcomes of inflammatory
cardiovascular risk. Quercetin can be considered the pro-
totype of a naturally occurring chemopreventive agent
because of its key roles in triggering the “‘hallmarks of
cancer.”"* In this context, tucuma extracts could affect the
modulation of biological process related to cancer pre-
vention and therapy.

However, our results also support the fact that the
beneficial tucuma effects are dependent on the concen-
tration and time of treatment, as these wvariables were
related to an increase in the genotoxic effects observed in
PBMCs. The genotoxic concentration-dependent effects
have been previously described for other plants used by
humans. For example, Wnuk er al** described that yerba-
mate (llex paranaguensis) extracts increased in the level of
apoptotic and necrotic of lymphocytes in a dose-depending
manner.

Finally, we need to consider some methodological limi-
tations related to the study presented here. We only used
in vitro protocols to analyze the potential genotoxic effect of
tucuma extracts. Therefore, these results cannot be directly
transferred to in vive models, as with these models, we need
to consider other intervenient variables such as bioactive
compounds and bioavailability as well as the absorption and
biological metabolism. For example, despite f-carotene
being one of the major carotenoids present in our diet and in
human blood and tissues, its bioavailability is dependent on
a vegetable source. Other factors can be impomant in its
bioavailability, such as cooking, chopping, and the presence
of dietary fat.™ Since the tucuma fruit is very rich in oil, this
condition potentially increases the biocavailability of com-
pounds such as carotenoids.® Therefore, complementary
investigations using experimental models need to be per-
formed to confirm the results described here.

CONCLUSION

In summary, tucuma extracts, despite their higher antiox-
idant content and antioxidant activity, would be present in the

genotoxic effects of PBMCs that are dependent on con-
centration and time exposition. These results need to be con-
sidered in future in vifro and in vivo studies of tucuma effects.
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Abstract

Scope: Several plants are nich in retinoids, such as all-trans-retinoic acid (ATRA),
which are used in cancers as chemotherapic agents; an example plant is Asfrocqryum
aculeatum, an Amazenian fuit which the activity against the MCF-7 breast cancer cell
lime was analysed in this stody.

Methods and Results: 4 aculeatum ethanolic extract was produced, and the main
bioactive melecules were quantified MCF-7 cells were exposed to different
A acnleattm concentrations, with ATEA (1 pM) as a pesitive control, and we
determined the effect on the viability; cell proliferation; levels of caspases 8, 3 and 1;
Bcl-2 and BAY pene expression and cell oxidative stress. A aculeatum decreased the
MCE-7 wiability and cellular proliferation and inereased the caspases levels, although its
effect was net as strong as that of ATRA. Similar to ATRA, 300 pg/ml. of A aculeatum
was able to decrease the expression of Bel-? and to induce omdative stress by lowering
S0D1, catalase gene expression and enzyme activities, as well as increasing the
lipoperoxidation and protein catbonylation Most of the results were also observed in
cells exposed to ATEA

Conclusions: 4. aculeatum pessesses antitunoral effects against MCF-T breast cancer
cells involving oxidative stress as potential cansal mechanism,

Keywords: breast cancerretinoids/ apoptosis/oxidative stress/ fucuma
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1 Introduction

The Vitamin A derivative ATEA is considered a potent chemotherapentic dmg
for its role in regulating cell growth and differentiation. In breast cancer, ATRA is
wmvolved in growth modulation, differentiation and apoptosis indoctienm [ 1 ].
Complementary studies reported that pre-malignant cancer cells can be transformed by
retinoids that indoce cell differentiation. These effects were observed mamly in human
breast oestrogen receptor-positive cells such as the MCF-T cell line [2]. Hong et al [3]
investigated the effects of RA isomers (all trans-RA, 13-cis BA and 9-cis RA) on cell
signal transduction and reported that increased caspase activity induces apoptosis in
MCFE-7 cells. In addition, RA treatment significantly decreases the activity of the
antioxidant enzymes catalase and glotathione peroxidase.

FA 1somers are paturally found in in a wide vanety of Amazomian frmits [4].
Most of these fimuts also have high cil and carotencid concentrations, which improves
the oral bioavailability of these compounds [5]. This true for the regionally consumed
froits known as buriti (Mawiia vinifera), mamey (Mammea americana), marimari
(Geoffiala shiata), peach palm (Bactrys gasipaes), physalis (Physalis angulata) and
tucumi (Astrocaryum aculeatum) [B].

Unfortunately, the anticancer effects of Amazen finits have not been the subject
of mmch study. Asirocaram aculeatum, popularly named “tucwnd™, is a tropical palm
froit widely consumed in Amazonian brealkfasts [7]. A aculeatum (Figure 1) belongs to
the Avecaceae family, the members of which are commenly found in deforested or
degraded areas of found in Western and central Brazilian Amazenia and other Central
American conntries [8, 9].

Figure 1 here
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The estimated total carotencid content in tecwmd fuit is 62.63 ng'g and there are
850 REN00Jg of vitamin A Based on current nutritional recommendations, 100 g of
fresh A, aculeatum pulp can supply 93.2 % of the daily recommendad Vitamin A [10].
Tuecumd contains 21 chemically identified carotenoid molecules. All-trans-f-carotene is
found in the highest concentration (73 %), followed by 13-cis-carotene, all-trams-o-
carotene, all-trans-f-cryptoxanthin and others [6]. In additicn to being rich in beta-
carotene, 4. aculeatum contains other bioactive molecules that reportedly show
antitumoral activity; these include quegeetin mtin and gallic. and caffeic and
chlorogenic acids [11,12]. In some Latin American regions, Astrocaryum vulgare, a
species that is closely to tucumd and is popularly named awara, i1s also used
therapeutically [13] for its anti-inflammatory effects [14]. Recently. one study reported
that 4. aculeatum displays antimicrobial activity effects against three gram-positive
microerganisms (Enfarecoccus fascalis, Listeria monocyfogenes and Bacillus eorsus)
and Candida albicars. The study showed that the antimicrobial activity was related to
an oxidative imbalance caused by A. aculsatum [12]. However, due the presence of
impertant bioactive molecules, higher concentrations of pulp and peel tucemd ethanalic
extracts (= 300 pg/ml) can cavse cytotoxicity and genotoxicity in human peripheral
bleod monenuclear cells (PBMCs), inducing caspase 1 activity that is related to
apoptosis and pyroptosis [13].

Considening 4. aeuleatum is nch in BA 1semers that can act on cancer cells [2],
an additional complementary investization was performed to evaluate the action of
ethanclic extract from the edible part of tucoma (pulp) agamst MCF-7 breast cancer
cells. The study alse compared the cytotoxic and antipreliferative effects of A
aculeatum with those of ATRA, which is the mam RA melecnle present in tucuma.

The levels of caspases 8. 3 and 1 were analysed to determune whether if the
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effect of 4. aculeatum on MCF-7 cells is related to apoptosis moduvlation. The
association between A. aculeatum and the expression of two genes involved in apoptosis
(Bel-2 and BAT) was analysed. BA isomers are nown to modulate MCF-7T antioxidant
enzymes; therefore, the effects of 4. aculeatum pulp extract on oxidative metabelism

wete also investigated [2].

2. Materials and Methods

1.1 Plant extract

The ethanolic 4.aculeatum extract used in the present stdy is the same extract
that was prepared and chemically characterised by Souza-Filho et al [Error] Bookmark
not defined.]. Briefly, pulp extract was obtamed from a composite sample representing a
mixture of progentes from a native forest near Manaos City (Amazonas State, Brazil),
located in the Amazenian region (3.08°5, 60.01°W). The pulp and peel were manually
removed and the pulp was kept frozen at -18°C until extraction procedures were
petformed one week later, producing 400 g pulp. The pulp samples were titrated and
placed into sealed amber glass jars containing an absolute ethancl solution. Extraction
was performed over the cowrse of fouwr days. The homogenate was filtered through
Whatman MNo. 1 paper and then collected Ethanol was removed uwsing a rotary
evaporator at reduced pressure, 257 at 2 2 Following this procedure, the pulp extract
was Iyophilised and stored at -20°C until it was used. A total of 6,091 g of dried tucuma

pulp extract was obtamed.

1.2 Bioactive molecule gquantification

Wiley-VCH
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The lyophilised tucuma pulp extract was analysed and dissolved in ethancl at a
concentration of 3 mg/ml. Chemical characterisation of tucuma pulp extract was
petformed in triplicate. The total polyphenols content (TPC) was evaluated using Folin-
Ciocalten's method as described by Chandra et al [15]. The TPC samples were
calevlated as gallic acid equivalents from the calibration curve of gallic acid standard
selutions (3, 10, 13, 20, 25 and 30 pg/ml ) of 0.2 %6 aqueouns gallic acid, which fellowed
the same method. The equation obtained for the calibration curve of gallic acid was y =
18.185x — 00265 {1'\'.2 = (0.9783). The results were expressed as mg gallic aecid
equivalents (mz GAE)e dry plant extract materials. The tannin content was measured
using the method described by Morrison et al. [16] with some modifications. Samples at
concentrations of 0.25 mg/ml. 5 ml of solution A (1 g vanillin in 100 ml. of methanol)
and selution B (8 mL HCI in 100 mT. of methanol) were used in the experiments. The
samples were read at 300 nm using a spectrophotometer. The total tannin content was
expressed in milligram equivalents of catechin per gram of each fraction The equation
obtained for the calibration curve of catechin in the range of 0.001 - 0.025 mg/ml. was
Y = 0.00015x + 0.005 (r = 0.9989). The alkaloid content was determined using the
method described by Sreevidja & Melsotra [ 17 ], where DragendorfT’s reagent
precipitates alkaloids in plant materials. The samples were read at 435 onm in the
spectrophotometer. The equation obtained for the calibration curve of bismuth nitrate
pentahydrate solution in the range of 0.01 - 0.09 mg/ml was ¥ =2.2783x + 0.0361 (r=
0.9997). The guantification of f-carotene and quercetin investigation was performed
uvsing HPLC analyses carried out vnder gradient conditions vsing the C18 celumn (4.6
mum x 250 mm) packed with 5 pm diameter particles; the mobile phase was water

containing 2 % acetic acid (A) and methanol (B). and the compesition gradient was 5%
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% of B for 2 minutes and then changed to obtain 25 %, 40 %6 50 %, 60 %, 70 % and
100 % B at 10, 20, 30, 40, 50 and 80 minutes, respectively. following the method
described by Laghari et al [18] with slight modifications. The compounds were
identified by comparing their retention times and UV absorption spectra with
commercial standards. The flow rate was 0.8 ml/'nunute, injection volume 40 pl. and
the wavelength was 365 om for quercetin and 450 nm for Pf-carotene. All the samples
and the mebile phase were filtered through a 0.45 pm membrane filter (Millipore) and
then degassed using an ultrasenic bath prior to use. Stock solutions of standard
references were prepared in the HFLC mobile phase at a concentration range of 0.020 —
0.200 mg/ml for B-carotene and quercetin. The chromatography peaks were confirmed
by comparing the retention times with those of reference standards and by DAD spectra
(200 to 600 nm). The calibraticn curve for gquercetin is: ¥ = 13495x — 10926 (v

=0.9999) and f-carotene: ¥ = 13681x — 15187 (r=0.9099).
2.3 MCE-T Cell line culture

The MCF-7 human breast cancer cell line was obtamed from American Type
Culture Cellection (ATCC) and grown in EPMI 1640 with 10 % FBS, 2 mM glutamine,
and 100 U/mL of penicillin and streptomyycin. The cells were maintamed in culture at
37 Cin a5 % humidified CO» atmosphere.

2.4 MCF-7 treatinents with .4 acnleatum extract and ATRA

The MCF-7 cell suspension was prepared by placing 0.5x10° cells/mL in a 96-

well plate and incubating for 24 howrs. Fuorther, the cells were treated with several
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concentrations of 4. aculeaium extract as well as 1 pM ATRA. No treated cells were
used as negative controls. The 4. aculeatum and ATRA effect on MCF-7 was evaluated

after 24, 48 and 72 h of exposure. All experiments were performed in friplicate.

1.5 A.aculeatum and ATRA cytotoxic and antiproliferative effects

An MTT assay was vsed to determine the effects of A aculeafum and ATRA en
the MCF-7 wiability and proliferation as described by Mosmann [19]; brefly cells
treated were incubated for 4 h with MTT reagent. After formazan salt was dissolved, the
absorbance was measured at 370 nm The cells were photographed before DMSO
addition to chserve the formazan crystals. To confinm the 4 aculaatum cytotoxicity, a
second assay was performed to evaluate the dsDNA release from the cells to the cultzre
medmm, which indicates cell death. The MTT assay was read vsing a Spectrabax
M2M2e Multi-mode Plate Reader (Molecular Devices Corpotation. Sunnyvale, CA,
TUSA) and the results were expressed as a percentage of the untreated control values

relative to the values for each treatment.

2.6 The effects of A.aculeatum and ATRA on the apoptosis pathway

The potential effects of A aculsatum and ATRA on apeptosis modulation were

evaluated based on the quantification of caspases 8, 3 and 1 [20] as well as the analysis

of Bel-2 and BAY gene expressicn after 24 h of MCF-7 exposure to pulp extract and

ATRA.

1.6.1 Caspase gquantification
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The caspases were identified using Fluorimetric kit assays (BioVision, Mountain
View, CA) following the manufacturer’s instructions. The flucrescence intensity of
caspase-1, caspase-3 and caspase-3 were recorded at a wavelength of 400 om for
excitation and 505 nm for emission Caspase activity was calculated by testing the
fluorescence intensity (FD/minml=AFItYt x v). where AFlt—=the difference in the
fluorescence intensity between time zero and time t minutes, t=the reaction time in min,
and v=the sample volume in ml. The analyzes were performed using a microplate with
96 wells, in accordance with the manufacturer’s instructions. All reagents and working
standards were prepared and excess microplate strips were removed. The assay diluent
ED1 W was added (30 pL) to each well. Furthermere, 100 pL of the standard control
for our sample was added per well. covered with an adhesive strp and incubated for 1.5
hours at room temperature. Each well was aspirated and washed twice, for a total of
three washes. Caspase anfiserum was added fo each well and covered, given a new
adhesive strip and incubated for 30 minutes at room temperature. The aspirationfwash
step was repeated and Caspase conjugate (100 pL) was added to each well, which was
then incubated for 30 minutes at room temperature. The aspiration‘wash step was
repeated and 200 pL of the substrate solution was added to each well, which was then
incubated for 20 minutes at room temperature. Finally, 30 pL of stop solutiom was

added to each well.

1.6.JRT-PCR of Bel-2 and BAX genes

The Bel-2 and BAX gene expression was determined using emantitative real time

ET-PCR of the total RNA obtained from each sample. The cells were washed gently at
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ambient temperature with FBS (pH 7.4, and cellular lysis was performed with 2.5 ml of
Trizol reagent (Invitrogen, Carlsbad, CA). The next step was to extract ENA following
the mamifacturer’s instructions. The total mBNA obtained was solubilised in 20 pl of
water free of npcleases and used to synthetise cDNA frem 500 ng. The cDNA
amplification was performed nsing Brilliant IT SYBE. Green QPCE. Master Mix (Agilent
Technologies, Inc. Santa Clara, CA TUSA) and the following thermal cycling profile:
953°C for 5 min , followed by 40 steps of 95°C for 1 min ., 60°C for 30 sec. 72°C for 1
min and then 727 C for 4 min for final extension. After 40 cycles, samples were mn
through the disseciation protocel. Finally, the amplification reaction of the study genes
(Table 1) was conducted in 3 pl of cDNA using the REDExtract-N-Amp PCR Reaction
Mix Kit (Sizma-Aldrich Saint Louis. MO, USA) in an Eppendorf Mastercycler
gradient thermocycler (Maxygene IL Axygen, Foster City, CA, USA). Amplification
study gene fragments were separated in acrylamide gels at 10 % in 1= TBE buffer
through electrophoresis at 220 V for 30 min Finally, bands were revealed with ethidinm
bromide at 0.2 %. The primers vsed in the study are listed in Table 1. The hovsekeeping
gene f-actin was amplified as an internal control. Samples were analysed in triplicate.
Because the bands produce semi-guantitative results, the fragments amplified for each
treatment were measuwred using a DNA Picogreen assay. This methed is based on the
ability of a specific fluorochrome dye (PicoGreen®) to make a very stable complex
with dsDNA in alkaline conditions instead of ssDNA, proteins. SDS, and urea. The
dsDNA in medivm was identified vsing Quant-iTTM DNA PicoGreen® kit accerding
to the manufacturer’s instructions. PicoGreen dye was diluted 1:200 with TE buffer (10
mhd Trs—HCL 1 mM EDTA, pH 7.5) and incubated with cell samples added in a 96-
well fluorescence microplate in the dark at room temperatore for 5 min The

fluorescence emission was recorded at 328 nm with an excitation wavelength of 488

10
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om. The dsDNA quantification was read using a Spectrabfax M2/M2e Multi-mode
Plate Beader (Molecular Devices Corporation, Sunnyvale, CA, USA), and the results
were expressed as a percentage of the P-actin gene expression calculated for each

treatment.

Table 1 here

1.7 A.aculeatum and ATRA effect on the MCE-7 cellular redox state

A previous investigation performed by Oh et al [21] reported that retincic acid
induces oxidative stress in MCF-7 by activating protein kinase C-delta on insulin-litee
growth factor-I secretion Howewver, the ATRA effect on MCE-T7 cell oxidative
metabolism is mot well studied. Therefore, an additional amalysis investizating the
potential effects of A aculeatum and ATRA treatment on MCF-7 oxidative metabolism

was performed.

2.7.1 ROS5 guantified by DCFH-DA fluorometric assay

BOS quantification after cells were exposed to 24 h of increasing concentrations
of A aculeatum extract concentration as well as ATRA was determined used the DCFH-
DA assay. In this technigue, the DCFH-DA is hydrelyzed by intracellular esterases to
DCFH-DA, which is trapped within the cell. This non-fluorescent molecule is then
oxidised to fluorescent DCF by cellular oxidants. After the designated treatment time,
the cells were treated with DCFH-DA (10 pbf) for 60 minutes at 37°C. The

fluorescence was measwred at an excitation of 428 nm and an emission of 325nm using

1
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a SpectraMax M2/MM2e Multi-mode Plate Reader, Melecular Devices Cotporation

(Soonyvale, CA TISA). All tests were performed in frplicate [22].

000 = 07N ) b o=k

10 272 Oxidant and enzymatic antioxidant biomarkers quantified by

12 spectrophotometric assays

18 Lipid peroxidation was quantified by measuring the formatien of thicbarbituric
acid reactive substances (TBARS) as described by Ohkawa et al [23]. Protein carbonyls
2 were measured according the protocol described by dos Samtos Montagner ot al [24]
23 S0D1, S0D2, catalase and total thiols (proteic/no proteic), which is an indirect measure
5 of GPX. The SOD activity was identified by measwvring the competitive reaction
between SOD and mitroblue tetrazolivm chloride in an indirect assay [25]. The rate of
a0 increase in the absorbance at 560 nm indicates the reduction of nitroblue tetrazolinm
32 chloride to blue formazan by superoxide, which is generated by the xanthine/xanthine
34 oxidase system. The enzymatic reaction was initiated by adding xanthine oxidase.
38 SOD? activity was quantified in the same assay medium in the presence of 5 mM KCN,
which inhibits SOD1 activity. S0OD1 activity was measured as the difference between
41 the total SOD activity and SOD2 activity. One unit of activity was defined as the
43 amount of protein necessary to achieve halfimaximal inhibition of the nitroblue
45 tetrazolivm chloride reaction. and the activity was expressed as vnits per millipram of
haemoglobin. Catalase (CAT) activity was measured spectrophotemetrically [26] nsing
50 hydrogen peroxide as a substrate and expressed as K per gram of haemoglobin. Thiol

52 groups were determined as described by Ellman [27].

50 12
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273 RT-PCR of enzvmatic antioxidant genes

The expressien of the S0D1, SOD2, CAT and GPX genes was determined using
guantitative real time RT-PCR of the total ENA obtained from each sample as described
in section 2.4.2 of the present study. The primers used in the study are also listed in

Table 1.

2.8 Statistical analysis

All data were expressed as the mean + standard deviation (SD). The results were
analysed wsing cne-way ANOWVA followed by Tulkey or Duanet post hoc tests. A p

wvalue of = 0.05 was taken to be siznificant.

3 Results

3.1 Chemical characterisation of 4. acnleatum ethanolic extract

The in vifro antitunoral effect of 4. aculeaiom fruit pulp against MCE-7 cancer
cells was tested nsing an ethanolic extract with the following characteristics: TPC =
941 8 mg/GAE g; flavoneids = 92.8 quercetin mg/g; total tanning = 31.4 mg'g and
alkaloids = 1.5 mg'g. The extract also the fellowing bicactive molecules: 63 mg/g of
p-carotene, mutin 30.534 mg/g; quercetin = 12.72 mg/g; gallic acid = 3.79 mg/p; caffeic

acid = 8.33 mg/z; and chlorogenic acid =3.04 mg/g.

13
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3.2 Cytotoxicity and antiproliferative effects of A aculeafum extract and

ATRA

Initially. the effect of A.aculeatum on the MCF7 cell viability at different
concentrations was determined as shown in Figure 2 (A and B). A.aculeatum against
the breast cancer cell cytotoxicity was detected at 300 pg/mL concentrations. After the
results of the first analysis, the following three concentrations of A.aculeatum extract
were used in the subsequent experiments: 300, 300 and 900 png/ml, and each was
compared to ATRA and untreated control cells (Figure 2C).

An important reduction of MCF7 cell proliferation was observed mainly after 48
h of 4. aculeatum exposition. Cells exposed to 300 and 500 pug/mL of 4. aculeatum
extracts presented with a pattern similar to that observed in cells treated with ATRA.
However, the antiproliferative effect of A.aculeatum extract at the highest concentration
(900 pg/ml) was less pronounced than at lower concentrations (300 and 500 pg/ml)
and for ATRA exposure. Therefore, 4. aculeatum did not show a clear dose-dependent
effect on MCF-7 cells at the tested concentrations.

Figure 2 here

3.3 The effects of A.aculeatum and ATRA on apoptosis markers

To determine whether the effects of A aculeatum on the MCF-7 cell viability
were related to apoptosis, the levels of caspases 8, 3 and 1 were determined after 24 h of
exposition exposure (Figure 3). Cells treated with A aculeatum showed significantly
higher. dose-dependent caspase levels when compared to the untreated control group.

However. this effect was lower than observed in cells exposed to ATRA. These results

14
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indicate that A aculeatum triggered apoptosis events activity in the MCF7 cells even at
the lowest concentration (300 pg/mlL). To confirm the potential effects of A.aculeatum
on the apoptosis cascade, the Bel-2 and BAX gene expression levels were also analysed.
The levels of the anti-apoptotic Bcl-2 gene decreased significantly in MCF7 cells
treated with ATRA and cells treated with 300 pg/mL of A aculeatum extract. However,
the A.aculeatum effect on the Bel-2 gene was less pronounced than the observed effect
of ATRA (Figure 4A). The BAX expression levels were higher in cells receiving ATRA
and cells receiving A4 aculeatum when compared to untreated control cells. but this
effect was not statistically significant. Despite the lack of significance, the results
indicate an imbalance between BAX and Bcl-2 that occurs when triggered in MCFE7

cells.

Figure 3 here

Figure 4 here

3.4 A. aculeatum and ATRA effect on the cellular redox state of MCF-7

The effect of 4. aculeatum and ATRA treatment on the oxidative metabolism of
MCE-7 cells was evalvated using only the 300 pg/ml A. aculeatum concentration. This
concentration was chosen because it presented higher cytotoxicity and antiproliferative
effects than the other concentrations tested here. After 24 h of exposure, MCF-7 cells
treated with ATRA showed lower ROS levels than the control group. whereas cells
treated with 4. aculeatum at 300 pg/ml showed ROS levels similar to those observed in
control cells (p=0.001). In the presence of ATRA. MCF-7 cells showed increased

lipoperoxidation (8.78 = 0.4 nmol MDA/mg protein) when compared to uatreated

15
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control cells (6042 £ 0.3 nmoel MDA/mg protein). On the other hand, A aculeatum
extract significantly increased the TBARS levels (0.710 = 0.04 nmol MDA /mg protein)
when compared to the control group (0653 £ 0.03 MDA/mg protein) and to cells
treated with ATRA (0.558 = 0.05 MDA/mg protein) Both, cells exposed to ATRA and
cells exposed to A. aculeatum showed significantly higher the protein carbonylation
compared to MCFE-7 contrel cells (Control = 2.53; ATRA= 343 and A aculeatum =
3.36 nmolimg protein, p=0.01}).

The effects of ATRA and Aaculeatum on antioxidant enzymes were also
investigated by analysing SOD activity. Both ATRA and A aculeafum treatments
50D1 and SOD2 enzyme levels. SOD1 activity was 4.93 £ 0.8 mg/protein in untreated
MCE-7 cells. This level was significantly lower in cells treated with ATRA (383 0.8
mgprotein) and Agculeatum (348 = 045 mgiprotein) (p<0.05). Additionally,
significantly higher SOD2 activity (p 0.01) was observed in cells treated with ATRA
(2.71 £ 0.4 mg/protein) when compared to cells in the control group (1.85 = 0.8
mg/protein) and those treated with 4 aculeatum (1.97 = 0.6 mg/protein). The catalase
levels of untreated MCF-7 cells were 027 = 0.2 E'mg/protein. Exposure to ATRA
significantly decreased catalase activity (0.17 £ 0.2 E/mg/protein) whereas the
A aculeatum extract significantly increased activity (0.34 = 0.3 E/mg/protein) (p=0.01).
The thiols levels were similar in the control group (0.161% 0.06 nmol/ml) and in cells
exposed to ATEA (0.149 = 0.01 amel'mT) and A aculeafiom (0.159 = 0.01 nmol/mT).

The effects of 4 aculeatum and ATRA on the anticcadant gene expression in
MCFE 7 cells were also analysed; the resulting data are shown in Figure 5. The
treatments had effects of both SODs and CAT gene expression, but no detectable effect
was observed for the GPX expression Both A aculeatum and ATRA treatments

significantly decreased the S0D1 and CAT genes expression in MCFE-7 cells when
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compared to the control group. Increased SOD2 expressicn was observed oaly in cells
exposed to ATRA; cells exposed to A. aculeatum showed SOD2 expression that was
similar to uwntreated cells. Therefore, the results of gene expression analysis
cotroborated the enzyme activity data.

Figure 5 here

4 Discussion

Breast cancer incidence, morbidity and mertality are a large problem. and more
effective strategies for breast cancer prevention are wgently needed [ 28 ]
Chemeoprevention, which is the administration of pharmacologic or natural agents that
potentially could help to suppress or reverse carcinogenesis, has been explered as a
treatment for breast cancer for the last decade [2]. Retineids have been identified as
important preventive and therapewtic agents for many types of cancers, including human
breast cancer. A large mumber of investigations showed have shown that natwal or
synthetic vitamin A analopues can effectively regulate the differentiation, growth and
apoptosis of several types of cells [29].

In general, sowrces of vitamin A include carrots. mangos, sweet potatoes, and
spinach [30]. However, there are several less common fruits that are the rnichest i
carotencids and, therefore, may have antitumoral properties. This is the case for most
Amazoman froits, including 4. aculeatum. To the best of our knowledge, this is the
first study to analyse the cytotoxic and antiproliferative of 4. aculeatum ethanolic
extract on MCF-7 cancer cells. These effects are likely mediated by bicactive
melecules, especially ATRA, since which is the main retinoid found in 4. aculeatum

[31].
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Published studies have reported that ATRA can inhibit breast cancer cell
proliferation by arresting the G1 cell cycle [30]. Studies of MCF-7 cells indicate that
this effect is related to alterations in the expression and activity of cell eyele regulators
[31] and to the induction of apoptosis after G1 arrestment [32,33]. Indeed. in the present
study, both ATRA and 4. aculeatum extract increased the caspase levels and affected
Bcl-2 and BAX gene expression, which play roles in the apoptosis pathway.

Theze Bel-2 and BAY belong to the Bel-2 family of gene proteins, which age
directly imvolved in the apoptosis pathway. While Bel-2 15 essentially an anti-apoptotie
protein, Bax is considered a critical pro-apoptotic that regnlates the balance between
cellular life and death [34]. In healthy mammalian cells. Bax 1s a cytosolic inactive
protein. However, a death signal alerts this protein to translocate into owter
mitochondrial membrane, where it promotes permeability that favours the release of
several apoptogenic factors, including eytochrome c. It is well established that Bel-2
inhibits Bax activation [33, 35]. In this study, after 24 h of exposure to ATRA, MCF-7
cells showed siznificantly lower Bel-2 gene expression and showed an increasing trend
in Bax gene expression, which was not enough to be statistically significant However,
this imbalance between the Bel-2 and Bax genes indicates that apoptosis is being
triggered in MCF-7 cells. MCF-7 cells exposed to 4 aculzatum showed effects similar
to those cbserved i MCF-7 cells that were treated with ATRA. Although the decrease
in the Bel-2 levels was less intense in cells exposed to 4 aculeatum (Fig. 4). the results
suggest that this Amazonian finit potentially affects breast cancer tumonr cells.

A previows study, authored by Hong and Lee-Kim [3], investizating the effects
of BA isomers on apoptosis and the enzymatic antioxidant system in buman breast

cancer cells, suggested that manipulation of the cellular redox state could be used to

18
Wiley-VCH



[N R B R TR R U S

Molecular Nutrition and Food Research

medulate caspase-mediated death. This study showed that ATEA was the most effective
FA isomer in both cell growth inhibition and the indnetion of apoptosis in MCF-T cells.

Becanse A aculaatum contains antioxidants with antitnmoral effects, such as
querceting ruting, gallic and caffeic acid, the potential effects of these molecules on the
cellular redox state of MCFE-7 cells was pestulated. Analysis of oxidative metabolism
biemarkers (oxidant and anfioxidant) showed that both ATRA and A4 aculestum had
effects on MCE-T cells. Both componnds caused cellular oxidative stress resulting from
increased lipoperoxidation and protein carbenylation levels in MCF-7 calls.

However, the results summarised in Figore 6 suggest that ATRA and
A aculeafim extract different effects on the enzymatic anticxidant systen.

Figure 6 here

The oxidative effects of ATRA occur at the mitochondrial and cytoplasmic
levels, whereas the of A aculeatum extract were Limited to the eytoplasmic level Hong
and Lee-Kim [3] reported that also described lowering effect of BA isomers decreased
the expression of the MCF-7 antioxidant genes CAT and GPX., whereas no effect was
observed in the SOD expression levels. In our study, ATRA significantly decreased
CAT gene expression and activity. On the other hand, the effect of ATRA on GPFX was
not as clear. Perhaps the differences between our results and those of previous anthors
are due to the timing at which the enzymatic biomarkers were analysed. In our protocal,
we evalnated oxidative metabolism after 24 howrs of exposure; however, Hong and Lee-
Kim [3] performed their evaluation after 4 days of BA isomer exposure. The different
exposure times may also explain the differences ATREA on SOD1 and S0D2 gene
expression and enzymatic activity. Despite these differences we believe our results
confirm the effects of ATEA action on oxidative balance, which probably most likely

contributess to apoptosis induction.
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The effect of ATEA on S0D2 is relevant becanse the enzyme is very important
to controlling the level of superoxide in the mitochondria. Previous studies suggested
that SOD2 is an antitumoral gene [36] therefore, the increase in SOD2 gene expressicn
and enzymatic activity could explain the antitnmeral effects of ATRA. A previons study
has described S0D2 induction by ATRA in human neuroblastoma [37].

Aaculeatum extract did not have the same effects on S0D2 gene expression and
enzymatic activity. The differences between exposure to ATRA and A aculeafim may
be due to the interaction of other chemical molecules in the A aculeafum extract, which
may nunimise the retinoid’s effect on SOD2. However, considering that both ATRA
and A aculeafum increased oxidative stress, increased caspase activity and decreased
MCE-7 cell viability, effects of exposure to the compounds are very similar despite their
different effects on oxidative metabolism.

In conclusicn, in spite of the methodological limitations related to in wifro
stodies, we detenmined that 4. aculeatum, a leszer-lmown froit that is rich in retinoid
molecules, has antifumeral effects against breast cancer cells. 4. aculeatum trigger an
increase in caspase proteins and oxidative stress similar to ATRA, though the

compounds have different effects on apoptotic and oxidative metabolism genes.
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Figure Legends

Figure 1 — Astrocaryum aculeafum, an Amarzonian palm fruit popularly named
“tocwmnd”. (A) a mature tree, at least seven years eld, produces approximately 50 ke of
froit per year; (B) the finit is a dmpe, with ovoid to globular shape when matore
presents a green-vellow color; (C) the mesocaip, the edible part, presents a yellowish-

orange color and it is rich in starch, oil rich in omega 3, 6 and 9 acids and beta-carotene.

Figure 2 — Cytotoxic effect of Asfrocaryum aculeatum pulp ethanolic extract against
MCEFE-7. a breast cancer cell line determined by MTT assay. (A) Viability curve of
MCE-7 after 24 h of different A acwleatum concentrations exposition; (B)
microphetography (X 400 magnification) of MCF-7 died (D) and living cells (L)
Living cells are identified by presence of inseluble purple formazan crystals produced
by reduction of mitochondrial dehydrogenase in the presence of MTT compound; (C) 4.
aculeatum effect of three main concentrations on viability and proliferation evalnated in
three different periods of exposition: 24, 48and 72 h. Statistical comparison in each
petiod was performed by one-way analysis of variance followed by post hoe Tulkey test.
Different letters indicate significant differences at p <0.035.

Figure 3 - Caspases levels of MCE-7 breast cancer cells exposed to different
concentrations of pulp ethanolic Astrocaryum aculeatum extract. (A) Caspase 3; (B)
Caspase 3, (C) Caspase 1. Different lefters indicated significant differences (p < 0.035)
by cne-way analysis of vanance followed by Tukey post hoc test.

Figure 4 — Effect of pulp ethanolic Astrocaryum aculeatum extract en Bel-2
antiapoptotic and BAX proapoptotic gene expression by RT-PCE. assay. (A) Bands
representing A= ATRA  treatment; T= Aaeuleaturm treatment at 300 pz/ml
concentration; C = unfreated control cellss A1 T1.C1 = Beta-actin expression;
A2 T2.C2= Bel-2 expression; A3.T3,C3= BAX expression; (B) Bel-2 gene expression;
(C) BAX gene expression Bcel-2 and BAY gene expression are presented as relative
percent of f-actin gene guantified by DNA®Picogreen assay. ¥ = p <0.05; ##¥= p=
0.001 determined by cne-way analysis of variance followed by Dunnet post hoc test.

Figure 5§ — Effect of pulp ethanolic Astrocaryum aculeatum extract on antioxidant
enzyme gene expression of MCF-T breast cancer cells determined by RT-PCR assay.
C= untreated control treatment; A= ATFA treatment; T= 4 aculeatum treatment at 300
pg/ml concentration; (A) SOD1 (cytoplasmic supercxide dismutase Cu/ZN dependent)
gene; (B) S0D2? (mitechondrial superoxide dismmtase Mn dependent) gene; (C) CAT
(catalase) gene; (D) GPX (glutathione peroxidase) sene. Gene expression data are
presented as relative percent of f-actin gene quantified by DNAEPicogreen assay. *=p
<i0.03; ¥¥%= p< 0.001 determined by one-way analysis of variance followed by Dunnet
post hoc test.
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Figure 6 — General model of (A) A aculeatum pulp ethanclic extract and (B) ATRA
effect cansing imbalance on oxidative metabolism MCF-7 breast cancer call line
A aculeatum effect on MCFE-T cells is mainly concentrate in changes of cytoplasmic
oxidative metabolism since 24 hours of exposition the extract down-regulated S0D1,
CAT and GPFX genes. Probably this effect was positively influenced by the ingress into
cells of antioxidant molecules present in the extract causing a negative feadback in these
genes. In consequence, a decreasing in CAT and SODlactivity 13 observed, probably
leading to oxidative stress state due increase of HiOn and 07 levels. Data support the
hypothesis that high levels of HiOy produced by 4. aculeatum trigger the reaction of
this molecule with metal molecnles as Fe and Zn (Fenton reaction) producing ROS as
hydroxyl (OH). The OH radical has high DNA affinity cawsing genotoxicity, and
possible subsequent cell apoptosis. The excess of 07 can react with molecules as nitric
oxide (NO) producing reactive nitrogen species as peroxynitrite (ONOO-), that causes
extensive lipoperoxidation (TBARS) as well as protein carbenylation (PC). These
reactions change the membrane permeability and fluidity leading a cytotoxic state.
ATRA also presents similar inflnence on cytoplasmic oxidative stress, and in addition
cause imbalance on mitochondria from increase in SOD2 activity without subsequent
increase in antioxidant enrymes that catalyze the HyOn;. This additive effect can be
responsible to higher ATRA toxicity in MCF-7 cells.

25
Wiley-VCH

Page 26 of 32



Page 27 of 32 Molecular Nutrition and Food Research

Table 1 Primers list of genes investizated in MCE-T treated with 4. aculeatum extract
and ATRA

L= N I R R U

Genes Primers
Foward Feverse

12 B-actin  TGTGGATCAGCAAGCAGGAGTA TGCGUAAGTTAGGTTTIGICA
14 s0D GCACACTGGTGGTCCATGAA ACACCACAAGUCAAACGACTT
16 S0D2 GCCCTGGAACCTCACATCAS GGTACTTCTCCTCGGTGACGTT
18 CAT GATAGCCTTICGACCCAAGCA ATGGUGETGAGTGTCAGGAT
20 GPX1 GGTITICATCTATGAGGGTGTTITCC GCCTTIGGTCTGGCAGAGACT
22 Bel 2 GAGGATTGTIGGCCTICTITGAGT AGTCATCCACAGGGCGATGT

24 BAX CCCTTTICTACTITGCCAGCAA CCCGGAGGAAGTCCAATGT
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DISCUSSAO

O presente estudo investigou o efeito biolégico do tucumad, um fruto
amazonico rico em carotendides, a partir de modelos experimentais in vitro. Os
resultados mostraram que concentracdes altas dos extratos de polpa e casca
apresentavam acgdao cito-genotoxica em CMSPs obtidas a partir de individuos adultos
saudaveis. Por outro lado, concentracdes do extrato de polpa na faixa de 300 a 900
Mg também indicaram acdo anticarcinogénica na linhagem comercial de céancer de
mama MCF7. Estudos adicionais dos mecanismos causais relacionados com a
propriedade anti-carcinogénica mostraram acdo farmacogenémica nas vias da
apoptose e do metabolismo oxidativo.

Os resultados obtidos estdo em consonancia com estudos epidemioldgicos e
experimentais relacionados ao efeito protetor de alguns componentes da dieta
contra o cancer de mama. Uma meta-analise recente feita por Aune et al. (2012)
incluiu cinquenta estudos prospectivos publicados até abril de 2011 em revistas
indexadas no MEDLINE. O estudo mostrou que mulheres que comem habitualmente
frutas ou uma combinacao de frutas e vegetais possuem menor risco de desenvolver
cancer de mama do que as que nao apresentam tal dieta. Por outro lado, a ingestao
habitual somente de vegetais ndo apresentou efeito protetor. Portanto, a ingestao de
frutos parece ser fundamental para a prevencao do cancer de mama.

O efeito protetor dos frutos no cancer de mama deve-se a presenca de
moléculas antioxidantes que também possuem potencial acdo farmacogendmica,
como € o caso do beta-caroteno e dos polifendis. No caso, o tucuma € conhecido
por ser rico em carotenoides (DE ROSSO; MERCADANTE, 2007). Entretanto, um
estudo posterior realizado por Gongalves (2008) também descreveu a presenca no
tucuma de outros compostos antioxidantes e anticarcinogénicos como a quercetina.
O presente estudo confirmou a presenca do beta-caroteno e da quercetina em
concentracfes significativas tanto na polpa quanto na casca do tucuma. Andlises
complementares também identificaram, nos extratos aqui estudados, a presenca de
outras moléculas que usualmente sdo encontradas em frutos e que também
possuem efeito bioldgico. Este € o caso da rutina e dos acidos clorogénico, caféico e

galico. Tais moléculas também estavam presentes em concentracdes importantes,
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principalmente o acido galico, no extrato da polpa do tucuma.

O efeito destas moléculas na linhagem MCF-7 de cancer de mama tem sido
previamente estudado, com excecdo da rutina. Estudos prévios, como o realizado
por Hsu et al. (2011), mostraram que a exposi¢ao de células MCF-7 ao acido galico
levou a uma reducdo na proliferacdo celular. Os &cidos clorogénico e cafeico séo
dois polifendis encontrados no café que parecem ter efeito farmacogenémico sobre
as células MCF-7 via inibicdo da metilacdo de genes de supressdo tumoral
(PARIHAR et al., 2012). Uma das moléculas com agdo anticarcinogénica bem
estabelecida contra células MCF-7 de cancer de mama é a quercetina, sendo que,
estudos prévios tém descrito que esta molécula possui a capacidade de inibir a
proliferacdo celular via inducdo de apoptose e inibicdo dos niveis de survivina
(DENG et al., 2013). A quercetina também contribui na inibicdo da resisténcia das
células cancerosas a adriamicina que € um quimioterapico utilizado no tratamento do
cancer de mama (LI et al., 2013). Infelizmente, na revisédo de literatura feita nao foi
possivel identificar estudos que avaliaram o efeito especifico da rutina nas células
MCF-7.

Considerando que o tucuma é rico em carotenoides, investigagdes in vitro tém
mostrado que células de cancer de mama tratadas com retindides apresentam
efeitos antiproliferativos, principalmente naquelas com receptor de estrogénio
positvo como é o caso da linhagem MCF-7 (CZECZUGA-SEMENIUK;
LEMANCEWIKS; WOLCZYNSKI, 2009). Deste modo, o conjunto de moléculas
bioativas encontradas no tucuma indicou potencial efeito anticarcinogénico contra as
células da linhagem MCF-7 de cancer de mama. Porém, muitas destas moléculas
em concentracdes elevadas também podem ter efeito cito-genotdxico. Por este
motivo inicialmente se analisou a acao do tucuma em células humanas saudaveis.

No primeiro experimento, que avaliou o potencial efeito dos extratos do
tucumd na desnaturacdo do DNA, foi observada uma acdo genoprotetora
principalmente no extrato da casca. Estes resultados sdo muito semelhantes aos
relatados para altas concentracfes de compostos antioxidantes, principalmente o
beta-caroteno o qual é encontrado no tucuma.

Entretanto, com outros resultados obtidos nos tratamento em CMSPs, nos
quais a fragmentacdo do DNA foi analisada, o dano ao DNA celular avaliado pelo
ensaio do cometa e a analise da instabilidade cromossdémica sugeriram alguns

efeitos genotoxicos do extrato do tucuma em concentragdes maiores que 500 pg/mL.
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Visto que nao foram encontradas diferencas na producdo de EROs entre o grupo
controle e o grupo tratado das CMSPs com o0s extratos do tucuma, pode-se
hipotetizar que 0s compostos antioxidantes presentes nos extratos foram
metabolizados pelas células nas primeiras horas. Nestes termos, visto que o tucuma
apresentou outras moléculas (taninos e alcalbéides) sobre as quais se desconhece
sua especificidade, ndo é possivel descartar a probabilidade de que alguma delas
poderia apresentar efeitos toxicos nas CMSPs. Além disso, varias investigacdes tém
mostrado efeitos antioxidantes, pro-oxidantes ou ambos.

Por que estes resultados ambiguos existem com relacdo aos carotendides?
Autores como Krinsky e Johnson (2005) consideraram que a razdo para esta
discrepancia pode ser atribuida ao uso de diferentes metodologias na dissolucao do
carotendide a ser avaliado, na iniciacdo do estresse oxidante, na presenca de outros
antioxidantes, no tipo do animal utilizado para os estudos in vivo e na técnica de
avaliacao utilizada para determinar a eficacia de varios carotendides. Os resultados
do presente estudo corroboram esta sugestdo, pois, diferentes efeitos foram
encontrados considerando o tratamento agudo ou cronico das CMSPs com o0s
extratos de tucuma.

Outros importantes resultados estdo relacionados as diferencas na resposta
genotoxica dependente das concentracfes do tucuma. Nos resultados aqui
apresentados foi observado que as baixas concentracdes do extrato de tucuma (5 a
100 pg/mL) apresentaram mais efeitos positivos que as altas concentracdes. A
ocorréncia da curva em U relacionada a dose-resposta (habitualmente chamada
hormese) de vérios produtos herbais tem sido documentada em numerosas
investigacdes bioldgicas, toxicolégicas e farmacoldgicas. Muitos dos resultados
estudados sdo de consideravel significancia para a saude publica (CALABRESE;
BALDWIN, 2001).

O potencial efeito diferencial dose dependente do extrato do tucuma é
reforcado pelos resultados relacionados a atividade da caspase 1, a qual se eleva
nas culturas de CMSPs tratadas com altas concentracdes do extrato do tucuma
(>500 pg/mL).

Entre as vias de morte celular encontra-se a necrose e a apoptose, que sdo
processos que apresentam alteracdes morfoldégicas distintas. Na necrose,
habitualmente, ocorre “inchago” da célula e das organelas com ruptura da

membrana plasmatica e perda do conteudo intracelular respondendo a um estimulo
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patolégico. J&, no caso da apoptose acontece o “enrugamento” da célula com
fragmentacdo do DNA, condensacdo da cromatina, com lise celular e liberacdo de
conteudo citosolico para o espaco extra celular devido a um estimulo fisiolégico
programado. A piroptose é um tipo especifico de apoptose que ocorre de maneira
mais répida, relacionada a um evento inflamatério. A ativacdo da caspase 1 resulta
na apoptose via caspase 7 que também é uma molécula chave no processo da
piroptose (MIAO; RAJAN; ADEREM, 2011). A alta atividade da caspase 1 nas
CMSPs tratadas com altas concentragées do extrato do tucuma mostrou que estes
extratos estdo habilitados a desencadear a morte celular programada,
especificamente piroptose e apoptose. Estes resultados sugeriram que 0s extratos
do tucuma podem ter algum efeito na biologia do cancer devido a propriedades que
induzem a ativacéo da caspase 1.

Os resultados aqui descritos também suportam o fato de que os efeitos
benéficos do tucuma sédo dependentes da concentracdo e do tempo de tratamento,
assim como, estas variaveis estdo relacionadas a um aumento dos efeitos
genotoxicos observados nas CMSPs. Os efeitos genotdxicos concentracéo-
dependente foram previamente descritos para outras plantas usadas por humanos.
Por exemplo, Wnuk et al. (2009) descreveram que os extratos de erva mate (llex
paraguariensis) aumentam o nivel de apoptose e necrose dos linfocitos de uma
maneira dose-dependente.

O delineamento experimental do segundo estudo foi feito considerando os
resultados previamente obtidos em termos do tipo de extrato e da faixa de
concentracdo a ser utilizada nas analises do efeito anticarcinogénico do tucuma nas
células MCF-7.

Assim, optou-se por utilizar o extrato da polpa do tucuméa, que apresentou
menor cito-genotoxicidade nas células saudaveis em concentragfes contidas entre 1
a 1000 pg/mL. Esta analise inicial indicou que as concentragfes entre 300 a 1000
pHg/mL teriam maior potencial anticarcinogénico. Como, a partir de 1000 pg/mL o
extrato apresentou uma alta citotoxicidade nas células saudaveis (CMSPs), trés
concentracbes do extrato foram escolhidas para a realizagdo das analises
adicionais: 300 pg/mL, que possui baixo efeito cito-genotéxico, 500 e 900 pg/mL que
possuem efeitos cito-genotdxicos intermediarios.

Os resultados obtidos a partir da exposicado das células MCF-7 a estas trés

concentracbes mostraram, em geral, efeitos anticarcinogénicos e farmacogenomicos
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similares ao ATRA. Este fato indicou que, possivelmente, os beta-carotenos
presentes em grande concentracdo no extrato da polpa atuam na viabilidade e
proliferacéao celular das células de cancer de mama.

Andlise adicional dos mecanismos causais mostrou que o extrato da polpa do
tucuma induz a rota apoptética e a um desbalanco no metabolismo oxidativo. Tal
efeito pode estar associado tanto a presenca do ATRA (HONG; LEE KIM, 2009) no
extrato quanto a presenca das outras moléculas bioativas, em especial da
quercetina (DENG et al., 2013) e acido galico (PARIHAR et al., 2012).

E relevante comentar que o extrato apresentou ac¢&o similar ao ATRA quando
o seu efeito farmacogendmico foi investigado. No caso, mesmo que sua acdo nao
tenha sido tdo intensa quanto a observada nas células tratadas com ATRA, o
tucuma diminuiu significativamente os niveis da expressdo do gene antiapoptotico
Bcl-2. Igualmente, aumentou o estresse oxidativo através do aumento da
lipoperoxidacdo e carbonilacdo de proteinas. Este efeito também envolveu
diminuicdo na expressao génica da SOD1, SOD2, CAT e GPX (Figura 6, Artigo 2). A
Unica diferenca mais acentuada em relacdo ao ATRA foi que este agiu tanto em
nivel citosélico quanto em nivel mitocondrial no que tange a regulacado génica das
enzimas antioxidantes, enquanto o extrato da polpa do tucumé agiu somente em
nivel citosolico. Tais diferencas, possivelmente, envolvam a acdo conjunta das
outras moléculas bioativas presentes no extrato.

A partir da revisdo da literatura publicada, até o presente momento sobre os
efeitos biolégicos do tucuma, é possivel afirmar que este é o primeiro estudo que
relata atividade anticarcinogénica deste fruto, considerando também o seu potencial
efeito farmacogenomico. Estes resultados abrem a perspectiva de estudos
adicionais de interesse cientifico, epidemiolégico e clinico.

Finalmente, € importante tecer consideracfes sobre algumas limitaces
metodoldgicas relacionadas ao estudo apresentado aqui. A principal diz respeito ao
uso somente de protocolos in vitro na determinacdo do potencial efeito genotoxico e
anticarcinogénico do tucuma. Portanto, estes resultados ndo podem ser diretamente
transferidos para modelos in vivo. A utilizacdo futura de modelos experimentais
podera auxiliar na determinagdo do quanto o efeito biolégico do tucuma é mantido,
uma vez que, existem outras variaveis intervenientes relacionadas aos compostos

bioativos e a biodisponibilidade assim como a absor¢cédo e o metabolismo bioldgico.
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Outra limitacdo diz respeito a necessidade de estudos complementares que
determinem qual(ais) molécula(s) presente(s) na matriz nutricional do tucuma agem,
tanto na cito-genotoxicidade quanto na ag¢do anticarcinogénica contra o cancer de

mama.
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CONCLUSOES

A presente investigacdo que avaliou o efeito in vitro de extratos de polpa e
casca de A.aculeatum conhecido popularmente no Brasil como “tucuma” identificou
as seguintes moléculas bioativas netes extratos: beta-caroteno, quercetina, rutina,
acidos galico, clorogénico e cafeico. As concentracdes de beta-caroteno foram as
mais elevadas, principalmente na casca. Na polpa, além da grande concentracéo de
beta-caroteno foi observada concentracdo elevada de &acido gélico.

A analise do efeito cito-genotéxico dos extratos de tucuma (polpa e casca) em
CMSPs mostrou acgéo cito-genotéxica baixa em concentragbes <300 pg/mL,
intermediarias entre 300 a 500 pg/mL e elevadas >500 pg/mL. Os niveis da caspase
1 se elevaram nas CMSPs tratadas com os extratos de um modo dose-dependente.

O extrato da polpa do tucuma nas concentragdes de 300, 500 e 900 ug/mL
diminuiu a viabilidade e proliferacdo celular das células de cancer de mama MCF-7.

O efeito anticarcinogénico do extrato envolveu inducdo da via apoptotica
através da inibicAo de gene antiapoptotico Bcl-2 e do aumento nos niveis das
caspases 1, 3 e 8.

O extrato de tucuma também causou um desbalanco oxidativo através do
aumento dos niveis de lipoperoxidacdo e carbonilacdo de proteinas. Este efeito
envolveu modulacdo farmacogenomica da expressdo dos genes das enzimas
antioxidantes.

Em geral os efeitos do extrato da polpa do tucumé observados nas células
MCF-7 foram similares aos observados em células tratadas com o quimioterapico
ATRA.

O conjunto dos resultados descreveu pela primeira vez a acao

anticarcinogénica do tucuma em células de cancer.
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ANEXO A

Autorizacdo de acesso e de remessa de amostra de componente do patrimdnio
genético

MREORRRT I

3905612739716199

AUTORIZAGAO DE ACESSO E DE REMESSA DE AMOSTRA DE COMPONENTE DO
PATRIMONIO GENETICO n° 010547/2013-4

O CONSELHO NACIONAL DE DESENVOLVIMENTO CIENTIFICO E TECNOLOGICO - CNPq, credenciado pelo
Conselho de Gestéo do Patriménio Genético (CGEN/MMA), por meio da Deliberagdo CGEN n° 246, de 27 de agosto de
2009, para autorizar instituigdes nacionais, publicas ou privadas, que exergam atividades de pesquisa e desenvolvimento
nas areas biologicas e afins, a acessar e remeter amostras de componente do patriménio genético para fins de pesquisa
cientifica sem potencial de uso econémico, neste ato representado pelo seu Diretor de Ciéncias Agrarias, Biologicas e da
Saude, nos termos da Portaria CNPq n° 161/2010, autoriza a instituigio abaixo qualificada a acessar e remeter amostras
de componentes do patriménio genético.

Instituicdo: UNIVERSIDADE FEDERAL DE SANTA MARIA - UFSM

CNPJ: 955.917.640/0001-05

Representante Legal: [VANA BEATRICE MANICA DA CRUZ

Cargo/Funcéo: Docente - Departamento de Morfologia -Centro de Ciéncias da Satde - UFSM

CPF: 331.322.400-87 RG: 8017462709

Projeto: ESTUDOS IN VITRO E IN VIVO DOS EFEITOS BIOATIVOS PRESENTES EM FRUTOS AMAZONICOS

Coordenador do Projeto: lvana Beatrice Manica Da Cruz
CPF: 331.322.400-87 RG: 8017462709 - ssp / RS

Finalidade do projeto: Este projeto ira realizar estudos in vitro e in vivo para avaliar a atividade biolégica (antioxidante,
antimicrobiana, anticolinesterasica, hipolipimiante, hipotensiva, antiobesogénica, hipoglicémica, anticarcinogénica, no
metabolismo e comportamentos circadianos) de frutos nativos da regido amazénica.

Amostras a serem acessadas:

Espécie(s): frutos das seguintes familias botanicas serdo investigados: Arecaceae,Sapindaceae, Lecythidaceae,
Myrtaceae, Clusiaceae, Solanaceae, Malvaceae e Fabaceae.

Tipo de material/quantidade de amostras: Seréo coletados frutos, em um total maximo de 50 kg

Local de depésito de subamostra: NAO INFORMADO

Equipe do projeto: IVANA BEATRICE MANICA DA CRUZ / CPF 331.322.400-87
EULER ESTEVES RIBEIRO / CPF 000.678.812-20
MARIA FERNANDA MANICA RIZZI CATTANI / CPF 983.518.260-49
MARIA IZABEL DE UGALDE MARQUES DA ROCHA / CPF 243.430.990-91
CRISTINA DA COSTA KREWER / CPF 805.802.890-87
MARTA MARIA MEDEIROS FRESCURA DUARTE / CPF 428.275.150-91
MICHEL MANSUR MACHADO / CPF 936.104.590-34
MICHELE RORATO SAGRILLO / CPF 926.721.830-15
OLMIRO CEZIMBRA DE SOUZA FILHO / CPF 322.916.710-49
ALENCAR KOLINSKI MACHADO / CPF 007.046.370-06
ARAE RIGAO DE OLIVEIRA / CPF 023.215.180-65
CINTIA CORTE REAL RODRIGUES / CPF 014.581.210-38
CLARICE PINHEIRO MOSTARDEIRO / CPF 457.318.370-15
ELIZA RIBAS DA SILVEIRA FLORES / CPF 023.464.970-45
FERNANDA BARBISAN / CPF 022.159.910-03
FRANCINE CARLA CADONA / CPF 005.561.340-36
GREICE FRANCIELE FEYH DOS SANTOS MONTAGNER / CPF 005.505.050-67
IVO EMILIO DA CRUZ JUNG / CPF 989.567.010-91
LUIZ FILIPE MACHADO GARCIA / CPF 003.418.820-70
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RAUL MOREIRA OLIVEIRA / CPF 022.226.840-99

Validade da Autorizagao: 06/08/2013 a 06/08/2017

A instituigao acima qualificada devera enviar ao CNPq, por meio da Plataforma Carlos Chagas, relatorio anual sobre o
andamento do projeto de pesquisa, nos termos do Decreto n°. 4.946/2003.

Esta autorizagé@o esta vinculada as informagdes, deciaragdes e termos de compromisso firmados pelo coordenador do
projeto e pelo representante legal, constantes do Processo n° 010547/2013-4. Atividades de acesso aos conhecimentos
tradicionais associados, de acesso e de remessa de componente do patriménio genético com finalidade comercial,
aplicagéo industrial, bioprospecgéo ou desenvolvimento tecnoldgico nédo estio autorizadas.

Caso seja identificado uso econémico de produto ou processo, passivel ou ndo de protegédo intelectual, originado das
amostras de componente do patrimbnio genético acessado no ambito desta autorizagéo, a instituigdo beneficiada se
compromete a adotar as providéncias cabiveis, nos termos da legislagédo vigente, junto ao CGEN/MMA.

A remessa de amostra de componente do patriménio genético devera ser precedida da assinatura do Termo de
Transferéncia de Material (TTM) ou do Termo de Responsabilidade para Transporte de Amostra de Componente do
Patriménio Genético (TRM). Para a remessa de componente do patriménio genético para instituicdo sediada no exterior,
devera ser solicitada ao Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais Renovaveis - IBAMA, por meio de
formulario especifico e mediante a apresentagao de TTM ou TRTM, licenga de exportagdo complementar a autorizagao de
remessa, mormente quando se tratar de remessa de espécies constantes nos Anexos da Convengédo sobre o Comércio
Internacional das Espécies da Flora e Fauna Selvagens em Perigo de Extingéo (Cites).

Brasilia, 18 de Julho de 2013

Paulo Sergio Lacerda Beirao
Diretor de Ciéncias Agrarias, Bioldgicas e da Saude

Para visualizar a verséo digital da Autorizagdo de Acesso e de Remessa de Amostra de Componente do Patriménio
Genético, V.Sa. poderd utilizar a ferramenta disponibilizada pelo CNPq para esse fim na pagina
http://servicosweb.cnpq.br/visualizador/ e informar o nimero do protocolo 3905612739716199 para recuperé-la do banco
de dados do CNPq, ou podera selecionar o arquivo salvo em seu computador (em formato PKCS7). V.Sa. pode também
usar outro aplicativo disponivel no mercado capaz de reconhecer arquivos no padrdo PKCS7 para fazer a visualizagdo e
extragdo do documento.
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ANEXO B

Aprovacéo do Comité de Etica

MINISTERIO DA SAUDE UNIVERSIDADE FEDERAL DE SANTA MARIA  sedomry,
i Conselho Nacional de Saude Pré-Reitoria de Pés-Graduacio e Pesquisa & £52 &
Comissao Macional de Etica em Pesquisa Comité de Eticaem Pesguisa- CEP- UFSM = Z
{CONEP) REGISTRO CONEP: 243 N &

CARTA DE APROVACAO

O Comité de Etica em Pesqguisa — UFSM, reconhecido pela Comissdo Nacional de
Etica em Pesquisa — (CONEP/MS) analisou o protocolo de pesquisa:

Titulo: Estudos in vitro em células humanas e linhagens celulares de extratos e compostos
bioativos presentes em alimentos da dieta Amazdnico

Numero do processo: 23081.015838/2011-10 )

CAAE (Certificado de Apresentacao para Apreciacao Etica): 0332.0.243.000-11
Pesquisador Responsavel: lvana Beatrice Manica da Cruz

Este projeto foil APROVADO em seus aspectos éticos @ metodolégicos de acordo com
as Diretrizes estabelecidas na Resolugio 196/96 e complementares do Consealho

Nacional de Sadde. Toda e qualquer alteragdo do Projeto, assim como os eventos
adversos graves, deverdo ser comunicados imediatamente a este Comité.

O pesquisador deve apresentar ao CEP:

Janeiro/ 2013- Relatorio parcial
Janeiro/ 2014- Relatorio parcial
Janeiro/ 2015-Relatorio parcial
Janeiro/ 2016- Relatorio final

Os membros do CEP-UFSM néo participaram do processo de avaliagio dos projetos
onde constam como pesquisadores.

DATA DA REUNIAO DE APROVAGCAO: 13/12/2011

Santa Maria, 20 de Dezembro de 2011

PR, e
Félix A. Antungs Soares
Coordenador do Comité de Etica em Pesquisa-UFSM

Registro CONEP M. 243.
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