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RESUMO

O céncer colorretal (CCR) ocupa o terceiro lugar em incidéncia e segundo em mortalidade entre
todos os canceres do mundo, em ambos 0s sexos, tornando-se um grave problema de sautde
publica. Estudos demonstraram que as fibras alimentares desencadeiam respostas benéficas no
organismo, como a producao de &cidos graxos de cadeia curta (AGCC) e podem prevenir e
reduzir processos inflamatdrios no intestino. Dentre as fibras, destacam-se as fibras da linhaca
marrom, da chia, da farinha de banana verde, da aveia e da quinoa. Além das fibras, a proteina
texturizada de soja também pode auxiliar no aumento da producdo de AGCC. Desta forma, 0
objetivo deste estudo foi formular um Produto Alimenticio Natural Rico em Fibras (PANRIF)
com linhaca marrom, chia, farinha de banana verde, aveia, quinoa e proteina texturizada de soja
e avaliar efeitos na prevencao e tratamento do cancer colorretal em modelo pré-clinico. Apos a
formulacdo do PANRIf foram realizadas as analises quimicas para avaliar o teor nutricional.
Foram utilizados 78 ratos Wistar machos distribuidos em seis grupos experimentais: controle
negativo (&cido etilenodiamino tetra-acético — EDTA), controle positivo (1,2-dimetilhidrazina
DMH - 40 mg/Kg) e quatro grupos alimentados com 10% PANRIF + 1,2-dimetilhidrazina
DMH- 40 mg/Kg: protocolo de pré-tratamento, tratamento simultdneo e protocolo pos-
tratamento. Apos 24h da ultima administracdo de EDTA ou DMH foram coletadas amostras de
sangue dos animais para realizacdo dos ensaios do cometa e microndcleo. Antes da eutanasia
foi realizada a coleta de sangue para as analises hematoldgicas, bioquimicas e de citocinas.
Apos a eutanasia, o0 intestino grosso dos animais foi coletado para analise de criptas aberrantes.
Os dados de distribuicdo paramétrica foram analisados por meio da analise de variancia
(ANOVA de uma via) seguida do teste Tukey e ndo paramétrico Kruskal-Wallis seguida do
teste Dunn. O nivel de significancia adotado foi p < 0,05. Como resultados o PANRIiF mostrou
ser uma boa fonte de fibras e ndo alterou parametros biométricos, bioquimicos, hematoldgicos,
inflamatérios e ndo induziu sinais de toxicidade e genotoxicidade/carcinogenicidade. O
PANRIf também exibiu efeito quimiopreventivo, em todos os protocolos, com reducdo de
danos (% RD) de 75% no teste do cometa. Além disso, 0 PANRIF reduziu a incidéncia de focos
de criptas aberrantes em 49,36% no protocolo pds-tratamento. Portanto, os resultados sugerem
a aplicabilidade do PANRIF na dieta humana devido aos beneficios, possibilidade de producéo
em escala industrial e facil aplicacdo tecnoldgica em diferentes produtos, uma vez que pode ser
incorporado em alimentos sem alterar ou causar pequenas alteracdes nas caracteristicas
sensoriais do produto final.

Descritores: focos de criptas aberrantes; quimioprevengdo; alimentos funcionais; fibras

alimentares.



ABSTRACT

Colorectal cancer (CRC) ranks third in incidence and second in mortality among all cancers in
the world, in both sexes, making it a serious public health problem. Studies have shown that
dietary fiber triggers beneficial responses in the body, such as the production of short-chain
fatty acids (SCFA) and can prevent and reduce inflammatory processes in the gut. Among the
fibers, the fibers of brown flaxseed, chia, green banana flour, oat and quinoa stand out. In
addition to fiber, textured soy protein can also help increase SCFA production. Thus, the
objective of this study was to formulate a Natural Food Product Rich in Fibers (NFRFP) with
brown flaxseed, chia, green banana flour, oats, quinoa and textured soy protein and to evaluate
the effects on the prevention and treatment of colorectal cancer in a model preclinical. After the
formulation of the NFRFP, chemical analyzes were performed to assess the nutritional content.
Seventy-eight male Wistar rats were divided into six experimental groups: negative control
(ethylenediamine tetraacetic acid - EDTA), positive control (1,2-dimethylhydrazine DMH - 40
mg/Kg) and four groups fed 10% NFRFP + 1, 2-dimethylhydrazine DMH- 40 mg/Kg: pre-
treatment protocol, simultaneous treatment and post-treatment protocol. After 24 hours of
administration of EDTA or DMH, blood samples were collected from the animals to perform
the comet and micronucleus assays. Before euthanasia, blood was collected for hematological,
biochemical and cytokine analyses. After euthanasia, the large intestine of the animals was
collected for analysis of aberrant crypts. Parametric distribution data were analyzed using
analysis of variance (one-way ANOVA) followed by the Tukey test and non-parametric
Kruskal-Wallis test followed by the Dunn test. The significance level adopted was p < 0.05.
As a result, NFRFP proved to be a good source of fiber and did not change biometric,
biochemical, hematological, inflammatory parameters and did not induce signs of toxicity and
genotoxicity/carcinogenicity. PANR if also exhibited a chemopreventive effect, in all protocols,
with damage reduction (% RD) of 75% in the comet test. Furthermore, the NFRFP it reduced
the incidence of aberrant crypt foci by 49.36% in the post-treatment protocol. Therefore, the
results suggest the applicability of NFRFP in the human diet due to the benefits, possibility of
production on an industrial scale and easy technological application in different products, since
it can be incorporated into foods without altering or causing small changes in the sensory
characteristics of the final product.

Descriptors: aberrant crypt foci; chemoprevention; functional food; dietary fiber.
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1 INTRODUCAO

As modificag¢bes ocorridas na estrutura da sociedade no século XX, por meio da rapida
transicdo demografica, epidemioldgica e nutricional, apresentaram consequéncias sob o padrdo
de salde da populacdo. Essas mudancas acarretaram a reducdo de doengas infectocontagiosas
e 0 aumento na expectativa de vida bem como de doencas crénicas ndo transmissiveis (DCNT)
(MCCRACKEN; PHILLIPS, 2017). Entre as DCNTSs, destaca-se o cancer, com estimativa de
30,2 milhGes de novos casos até 2040, pela Organizacdo Mundial da Sadde (WHO, 2021).

O céncer colorretal (CCR) € o terceiro tipo mais comum e segundo em mortalidade entre
todos os canceres do mundo, em ambos 0s sexos, tornando-se um grave problema de salde
publica (BRAY et al., 2018). No Brasil, 0 CCR foi 0 segundo tipo de cancer que mais atingiu
a populacéo brasileira em 2020 (INCA, 2021a) e aproximadamente, 40 mil novos casos deste
tipo de neoplasia sdo diagnosticados por ano, entre homens e mulheres, destes, 30% poderia ser
evitado por meio de habitos mais saudaveis (INCA, 2021b).

O CCR abrange tumores que acometem o colon intestinal e o reto, sendo que a etiologia
desse tipo de carcinoma inclui a interacdo entre fatores endogenos, como a predisposicéo
genética ao desenvolvimento de doencas cronicas do intestino e a idade avancada, além de
fatores ambientais, como a dieta (INCA, 2021c).

Os componentes da dieta podem alterar a microbiota intestinal, que por sua vez interfere
diretamente na homeostase intestinal. Assim, a composicéo da dieta tem papel fundamental na
iniciacdo, progressdo e prevencdo do CCR desencadeando respostas inflamatérias e
imunologicas do hospedeiro (PARK et al., 2017; ALMEIDA, DE et al., 2019). Nesse sentido,
estudos tém mostrado que alguns alimentos funcionais, como as fibras, desencadeiam respostas
benéficas e podem prevenir e reduzir processos inflamatorios no intestino (HAENEN et al.,
2013; PESARINI et al., 2013; NAVARRO et al., 2015; FERNANDEZ et al., 2019; HULLINGS
et al., 2020).

As fibras alimentares sdo componentes ndo digeriveis pelo organismo humano que
contribuem para o aumento do bolo fecal, aceleracdo da passagem de produtos residuais,
adsorcao do conteudo carcinogénico do célon, reducédo da colonizacao do intestino por bactérias
responsaveis pela metabolizacdo e/ou liberacdo de pro-carcin0genos e carcindgenos, reducédo
da adiposidade e producdo de acidos graxos de cadeia curta (AGCC) por meio da fermentacao
bacteriana (LATTIMER; HAUB, 2010; DHINGRA et al., 2012; PESARINI et al., 2013; SONG
et al., 2015; DAI; CHAU, 2017). Por sua vez, 0s AGCC melhoram a saude intestinal por meio

de varios efeitos locais, que vao desde a manutencdo da integridade da barreira intestinal,
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producdo de muco e protecdo contra inflamacdo até a reducdo do risco de cancer colorretal
(O’KEEFE, 2016; SILVA et al., 2020).

Dentre as fibras que possuem essa capacidade destacam-se as fibras da linha¢a marrom
(PAMPLONA-SILVA et al., 2018), da chia (TAMARGO et al., 2018), da farinha de banana
verde (HAENEN et al., 2013; NAVARRO et al., 2015), da aveia (LIU et al., 2015) e da quinoa
(Liu et al., 2018) que possuem quantidades consideraveis de B-glucana, amido resistente,
mucilagens, ligninas, pectinas, hemicelulose e celulose ((RAMOS et al., 2010; REBELLO et
al., 2016; SANG; CHU, 2017; LIU et al., 2018; SHAFIE et al., 2019). Além das fibras, as
proteinas também tem acdo positiva sobre o intestino, como é o caso da proteina texturizada de
soja que apesar de ndo possuir grandes quantidades de fibras alimentares, esse alimento parece
aumentar a producao de acidos organicos no intestino grosso e consequentemente os AGCC,
prevenindo o CCR (AN et al., 2014).

Considerando que o CCR e um grave problema de satde publica com alta incidéncia
(INCA, 2021a; WHO, 2021), é de extrema importancia a formulacdo de novos produtos
funcionais com ingredientes variaveis que fornecam diferentes tipos de fibras que possam ser
usados na prevencdo ou como coadjuvantes de tratamentos desse tipo de neoplasia. A vista
disso, a presente pesquisa teve por objetivo formular um Produto Alimenticio Natural Rico em
Fibras (PANRIF) e avaliar os efeitos na prevencéo e tratamento do cancer colorretal em modelo

pré clinico.
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2 REVISAO DE LITERATURA

2.1 CANCER COLORRETAL (CCR)

O CCR é um tipo de neoplasia muito agressiva, com alto potencial de propagacéo para
outros 6rgdos, além de ser uma doenca que afeta grande parte da populagdo mundial. Estima-
se que em 2020 a incidéncia de novos casos de CCR foi de 1.931,590 pessoas no mundo (BRAY
et al., 2018). No Brasil, ele ocupa o segundo lugar em cancer mais incidente, com estimativa
de 40.990 novos casos e 20.578 mortes em 2020 (INCA, 2021c).

A alta incidéncia do CCR esta associada com os fatores de risco como pré disposicdo
genética, inflamacdo intestinal crénica, mutagénicos ambientais, patdgenos intestinais
(TERZIC et al., 2010) e alimentacdo (THANIKACHALAM; KHAN, 2019). Cerca de 90-95%
dos casos desenvolvem-se devido a fatores ambientais e estilo de vida (ANAND et al., 2008;
LI et al., 2015).

Em termos gerais, o cancer é definido como um conjunto de mais de 100 diferentes
tipos de doencas que tém em comum o crescimento desordenado de células anormais com
potencial invasivo, cuja origem se da por condicdes multifatoriais (INCA, 2020). Esse
crescimento desordenado ocorre por meio de uma mutacdo genética no DNA da celula, que
passa a receber instrucdes equivocadas e comecam a dividir-se de forma continua, gerando
grandes massas de células, que denominam-se tumores. O processo de carcinogénese possuem
fases que podem ser definidas como: iniciacdo, promocdo, progressdo e manifestacdo (INCA,
2021d).

O desenvolvimento do cancer no colon e reto inicia-se com a formacdo de focos de
criptas aberrantes (FCA), que sdo aglomerados de glandulas anormais resultante da
transformacéo de uma célula intestinal normal em célula pré-neoplasica (BIRD, 1987). Os FCA
sdo distintamente diferentes da criptas normais e podem ser identificados por microscopia
(Figura 1), sdo encontradas principalmente na porcdo distal do colon e possui alto grau de

instabilidade gen6mica, cromossdmica e morfologica (BIRD, 1987).
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Figura 1 — Microscopia do colon de ratos

(A) Criptas normais (10 x); (B) Foco de criptas aberrantes no célon (10 x) Corado com azul
de metileno. Fonte: Autor, 2022.

Caso haja a continuidade do estimulo genético ou ambiental os FCA podem se tornar
adenomas e desenvolver lesdes pré-malignas ndo invasivas, caracterizando as fases de
promogdo e progressdo. Essas lesdes, a depender das alteracbes do microambiente, podem
evoluir para um carcinoma de células epiteliais, chegando a fase de manifestacdo da
carcinogénese (TERZIC et al., 2010) (Figura 2).

Figura 2 — Fases do desenvolvimento do cancer colorretal

‘lllllllllllllll

Adenoma

Fatores de risco Carcinoma
- Pré disposicao genética
- Inflamacao intestinal crénica
- Mutagénicos ambientais
- Patogenos intestinais
- Dieta

FCA — focos de criptas aberrantes. Fonte: Autor, 2022.
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A inflamacédo intestinal crénica é um dos principais riscos do CCR, individuos que
apresentam colite ulcerativa e doenca de Crohn, tém maior risco de desenvolver CCR em
comparagdo com a populagdo geral (JESS et al., 2012). Haslam et al. (2017) mostraram em seu
estudo uma associagao entre um maior indice inflamatorio dietético, desenvolvido para avaliar
o potencial inflamatorio da dieta de um individuo, e um aumento da prevaléncia de adenomas
colorretais, reforcando que a inflamacgdo seja ela derivada de uma doenca prévia ou de ma
alimentacéo contribui para a formagéo do CCR.

Na fase de progressdo do CCR é possivel observar que a inflamacdo intestinal continua
e os fatores que impulsionam essa resposta sdo complexos e, portanto, ndo claros, mas estéo
relacionados a interacdo entre as células neoplasicas e o microambiente tumoral circundante,
envolvendo células inflamatdrias, fibroblastos, matriz extracelular e vasculatura. Enquanto as
células tumorais podem expressar variavelmente diferentes citocinas e quimiocinas, células
imunes e fibroblastos séo capazes de produzir muitos desses fatores em niveis muito mais altos
(FUKUYAMA et al., 2007; TAO et al., 2017; GUERRIERO, 2018)

2.2 MODELOS ANIMAIS DE CCR

Como o CCR ¢é causado principalmente por fatores ambientais e estilo de vida (ANAND
etal., 2008; LI et al., 2015) varios estudos tem surgido a fim de buscar alternativas de prevencéo
e tratamento dos tumores de célon e reto (NAVARRO et al., 2015; LIMEIRAS; OLIVEIRA;
et al., 2017; LIMEIRAS; OGO; et al., 2017; MOURA, DE et al., 2019; LI et al., 2019; CHIU
et al., 2020). Para alcancar os objetivos dos estudos e mimetizar todas as fases do CCR que
ocorre em humanos, tem sido utilizados modelos experimentais com roedores.

Os modelos experimentais buscam reproduzir uma situacao carcinogénica em humanos,
dessa forma os modelos para CCR sdo divididos em hereditarios e esporadicos. A forma
hereditaria esta relacionada com sindromes familiares e a esporadica com processos
inflamatorios intestinais, ambiente e estilo de vida. A escolha é realizada de acordo com a
finalidade do estudo (DE-SOUZA; COSTA-CASAGRANDE, 2018). A Tabela 1 mostra os

principais tipo de inducdo do CCR esporadico.
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Tabela 1 - Tipos de indugéo esporadica do cancer colorretal (CCR)

Inducéo Tipo Descricao do método

Dietética Dieta hiperlipidica Utiliza uma dieta hiperlipidica para promover a
obesidade e a longo prazo a indugdo da
carcinogénese no intestino delgado, ceco e colon
proximal, esse modelo é pouco utilizado devido a
poucos animais desenvolverem o CCR e longo

periodo de experimentacéo.

1,2 Dimetilhidrazina Utiliza o agente quimico DMH para a inducdo de

(DMH) adenomas e adenocarcinomas, com capacidade de

induzir metéstases. Esse agente € um indutor

indireto, apresenta alto grau de especificidade para

o 0 intestino e promove a toxicidade hepatica.

Quimica Azoximetano Utiliza o agente quimico AOM para inducdo de
(AOM) adenomas e adenocarcinomas. Este agente € um

indutor direto, apresenta alto grau de especificidade

para o intestino e promove a toxicidade hepatica,

porém o custo € maior que o DMH.

P53 Utiliza animais com mutacdo no gene P53, a
alteracdo nesse gene potencializa a acdo de outros
genes ou indutores de tumor. Necessita de outro
método associado para induzir a carcinogénese

Geneticamente colorretal.
modificado  K-ras Utiliza animais com mutacdo no gene K-ras, a
mutacdo nesse gene promove hiperplasia e
surgimento de FCA. Neste modelo os animais nao
desenvolvem tumores, sendo necessario a

associacdo de outro tipo de inducao.

Fonte: adaptado de De-Souza e Costa-Casagrande (2018).

O principal método utilizado na literatura € a inducdo quimica, principalmente
utilizando o agente DMH (ROSENBERG et al., 2009; NAVARRO et al., 2015; MACHADO
et al., 2016; LIMEIRAS; OLIVEIRA; et al., 2017; LIMEIRAS; OGO; et al., 2017; MOURA,
DE et al., 2019; LI et al., 2019; CHIU et al., 2020). O DMH e seu precursor metabélico o
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metilazoximetanol sdo procarcindgenos que requerem ativacdo metabolica para formar
produtos reativos ao DNA. O efeito carcinogénico do DMH ocorre apds uma Unica injecéo ou
por meio de uma série de inje¢fes semanais nos animais, a manifestacéo da lesdo maligna pode

ser encontrada 4-30 semanas apés a administracdo (MACHADO et al., 2016).

2.3 QUIMIOPREVENCAO DO CCR

O CCR tem sido alvo de vérios estudos na busca da prevencdo e novos tratamentos,
nesse sentido como estratégia mais barata e eficaz em direcdo ao objetivo de reducdo da
mortalidade por este tipo de neoplasia, a quimioprevencdo tem atraido cada vez mais a atencdo
da comunidade cientifica e do publico em geral (UMEZAWA et al., 2019).

A quimioprevengéo é estabelecida como como a ingestdo de substancias sintéticas ou
naturais para conter a inducdo, prevenir ou retardar a progressao do cancer, ou reverter a
carcinogénese em um estagio pré-maligno (SPORN; SUH, 2002). Como o CCR apresenta um
longo estdgio de iniciagdo a quimioprevencdo tem sido estudada como oportunidade de
interferir antes que os adenomas se transformem em cancer (LI et al., 2015). No entanto,
encontrar uma substancia de quimioprevencéo eficaz para o CCR nédo € uma tarefa facil, apenas
um pequeno numero de agentes de quimioprevencdo do cancer foi aprovado pela Food and
Drug Administration (RABADI, AL; BERGAN, 2017).

Ha alguns requisitos importantes devem ser considerados ao avaliar potenciais agentes
quimiopreventivos, pois, essa substancia sera administrada por longo periodo de tempo. Assim
0s agentes quimiopreventivos devem apresentar baixa toxicidade, poucos ou nenhum efeito
colateral, ser de facil administracéo e baixo custo (UMEZAWA et al., 2019). Dessa forma, 0s
compostos bioativos derivados da dieta sdo candidatos potenciais para esse proposito.

E amplamente aceito que uma dieta rica em frutas, vegetais, especiarias e cereais possui
efeitos benéficos no intestino, particularmente no colon (TAN et al., 2014; LI et al., 2015;
KATONA; WEISS, 2020). As fibras presentes nesses alimentos sdo capazes de contribuir na
prevencdo do CCR pois aceleram o transito intestinal, reduzem a adsorcdo de xenobidticos e
producdo de AGCC, como acetato, propionato e butirato, que sdo formados apds a fermentacéo
das fibras pela microbiota intestinal ao longo do trato do célon (TAN et al., 2014; WU et al.,
2018).
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2.4 FIBRAS

A fibra alimentar (FA) pode ser definida pelo Codex Alimentarius como “polimeros de
carboidratos com dez ou mais unidades monoméricas, que ndo sao hidrolisados pelas enzimas
endogenas no intestino delgado dos humanos”(ZIELINSKI et al., 2013). O Codex Alimentarius
ainda indica que pelas diversas discussdes sobre a inclusdo de carboidratos de 3-9 graus de
polimerizacdo como FA a decisdo de inclui-las ou ndo deve ser tomada pelas autoridades de
cada pais. Essa discordancia ndo advém da reconhecida indegistibilidade, mas por ndo se
verificarem os efeitos caracteristicos de FA (MENEZES, et al., 2013).

Dessa forma, a FA consiste num grupo extremamente heterogéneo de compostos. Todos
0s constituintes, a excecdo da lenhina, sdo polissacarideos pertencentes ao grupo dos glucidos
como pectinas, mucilagens, hemiceluloses, gomas, celulose e em alguns casos também o0s
oligossacarideos, amido resistente e polissacarideos ndo vegetais sdo contemplados na
definicdo de FA (LUNN; BUTTRISS, 2007; GIBNEY et al., 2009).

A FA pode ser classificada em dois grupos: a) as fibras insoltveis que ndo sao soluveis
em agua, portanto ndao formam géis, e sua fermentacdo € limitada, elas contribuem para o
aumento do volume fecal, reduzindo o tempo de transito intestinal, a absorcdo de glicose e
retardo da hidrélise do amido, neste grupo estdo a lignina, celulose e algumas hemiceluloses;
b) as fibras soluveis que dissolvem-se em agua, formando geis viscosos, ndo sao digeridas no
intestino delgado e sdo facilmente fermentadas pela microflora do intestino grosso, elas
aumentam a viscosidade do bolo alimentar, diminuindo a atividade de certas enzimas
digestivas, influenciando diretamente na taxa de digestdo e absor¢do de nutrientes, fazem parte
deste grupo as pectinas, as glucanas, as gomas, as mucilagens e algumas hemiceluloses. A
maioria dos alimentos que contém fibras € constituida de um terco de fibras solGveis e dois
tercos de insoltveis (WONG; JENKINS, 2007; MIRA et al., 2009).

Sabe-se que o consumo da FA esta relacionado com a reducdo do risco de CCR
(BRADBURY et al., 2014; LUO et al., 2015; GIANFREDI et al., 2018), esse efeito protetor é
derivado da producdo de AGCC a partir da fermentacdo das fibras pela microbiota intestinal
(WU et al., 2018).

Dentre os AGCC, o butirato destaca-se quanto a sua eficacia protetora contra o CRC,
seu efeito inibitério contra a proliferacdo de células de cancer de c6lon humano foi mostrado
superior em comparagao com acetato e propionato (ZENG et al., 2020).

O butirato pode exercer seu papel antiproliferativo por diversos mecanismos, o primeiro

deles é a redugéo da expressdo de neuropilina-1, um receptor do fator de crescimento endotelial
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vascular (VEGF) que regula a angiogénese, a regulacéo negativa exerce um efeito inibitorio na
expansdo das células cancerigenas do cdlon (YU et al., 2011). Além disso, o butirato induz
apoptose e suprime a proliferacdo e invasdo e também promove a reducdo da motilidade de
células cancerosas, impedindo o potencial metastatico do CCR (HU et al., 2015; HAN et al.,
2016; LI et al., 2017).

Diferente do que se espera, o butirato atua de forma distintas nos colondcitos normais
em comparagdo com aqueles cancerosos, essa situagdo foi denominada “paradoxo do butirato”
onde esse AGCC estimula o crescimento celular de colondcitos saudaveis e em contrapartida
exerce um efeito antiploliferativo em colondcitos cancerosos, enfatizando as vantagens da
ingestéo de fibra alimentar (DONOHOE et al., 2012; KAIKO et al., 2016; HAN et al., 2016).

Conforme discutido acima, o efeito protetor da FA pode ser amplamente atribuido a
producdo de butirato. Dessa forma, o nosso grupo de pesquisa desenvolveu um Produto
Alimenticio Natural Rico em Fibras (PANRIF) que apresenta potencial para ser um bom
quimiopreventivo. Os constituintes do PANRIF foram escolhidos de acordo com estudos ja
realizados em modelo de cancer colorretal, dessa forma, buscamos formular um produto que
apresenta-se alto teor de fibras e proteinas. O PANRIF ¢ constituido pelos seguintes alimentos:
linhaca marrom (PAMPLONA-SILVA et al., 2018), chia (TAMARGO et al., 2018), farinha de
banana verde (HAENEN et al., 2013; NAVARRO et al., 2015), aveia (LIU et al., 2015), quinoa
(LIU et al., 2018) e proteina de soja texturizada.

O componentes do PANRIF possuem diferentes fibras, como a aveia que possui
quantidades consideraveis de B-glucana, a farinha da banana verde amido resistente, a chia as
mucilagens, a linhaca as ligninas, e a quinoa pectinas, hemicelulose e celulose (RAMOS et al.,
2010; REBELLO etal., 2016; SANG; CHU, 2017; LIU et al., 2018; SHAFIE et al., 2019). Este
produto contém uma mistura de fibras insollveis e soluveis, o que pode estar relacionado com
a producdo de AGCC e consequentemente com maior protecdo contra o CCR.

Um estudo recente mostrou que a dieta com fibra insolivel aumentou a concentracédo de
acetato, engquanto a dieta com fibra solivel aumentou a concentracdo de AGCC totais (acetato,
propionato e butirato) (CHEN et al., 2019), assim acredita-se que a escolha destes ingredientes
abrange as caracteristicas de um produto promissor.

Como fonte de proteinas, o produto possui como ingrediente a proteina texturizada de
soja que recentemente demonstrou aumento da producdo de acidos organicos no intestino
grosso em um estudo com ratos (AN et al., 2014) , os autores atribuem o aumento desses acidos
ao longo tempo de transito intestinal que eleva os niveis de degradacdo de proteinas e

fermentacdo de amino&cidos, contribuindo para o aumento de AGCC em comparagdo com
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outras fontes proteicas como a caseina. A tabela 2 representa a composicdo quimica dos

componentes do PANRIF.

Tabela 2 — Composi¢cdo quimica de componentes do Produto Alimenticio Natural Rico em
Fibras (PANRIiF) em g/ 100 g

Alimento Umidade Cinzas Proteina Lipidios Carboidratos Fibras Calorias

Totais
Linhaca 6,68 3,67 14,10 32,30 43,30 33,50 386,30
Chia 5,80 4,80 16,50 30,70 42,10 34,40 373,10
Amido 3,30 2,59 4,50 0,68 87,92 1,01 371,76
resistente®
Aveia 9,80 1,30 14,90 7,00 67,00 10,3 349,40
Quinoa 13,30 2,37 14,10 6,07 64,2 7,00 339,83
Proteina 73,1 - 52,4 1,24 30,51 - 342,80

texturizada
de soja **

Amido resistente* (farinha da banana verde): Fonte: BORGES; PEREIRA; LUCENA (2009).
Proteina texturizada de soja ** — Fonte: PHILIPPI, 2015.
Demais ingredientes: Fonte: USP, 2019.
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3 OBJETIVOS

3.1 OBJETIVO GERAL

Avaliar os efeitos de um Produto Alimenticio Natural Rico em Fibras na prevencéo e

tratamento do cancer colorretal em modelo pré clinico.

3.2 OBJETIVOS ESPECIFICOS

Formular o Produto Alimenticio Natural Rico em Fibras.

Avaliar a composicdo quimica do Produto Alimenticio Natural Rico em Fibras e da
racdo oferecido em diferentes momentos aos animais do ensaio pré-clinico;

Avaliar a atividade (anti)genotoxica, (anti)mutagénica e (anti)carcinogénica do Produto
Alimenticio Natural Rico em Fibras em modelo pré-clinico;

Avaliar a agdo do Produto Alimenticio Natural Rico em Fibras sobre o perfil

hematoldgico, bioguimico e inflamatério em modelo pré-clinico
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4 MATERIAIS E METODOS

4.1 AGENTE QUIMICO

Para a indu¢do dos FCA foi usado o agente quimico DMH (marca Sigma®, USA, CAS
N° 306-37-6), na dose de 40 mg/Kg de peso corporeo (p.c.), diluido em solugdo aquosa de &cido
etilenodiamino tetra-acético (EDTA - 0,37 mg/mL, com correcdo de pH para 6,5 por meio da
adicdo de NAOH 0,1 N (PARK et al., 1997), por via intraperitoneal (i.p.), com modificacdo de
Limeiras et al. (2017), Navarro et al. (2015), Pamplona-Silva et al. (2018) e Pesarini et al.
(2013). Foram administradas duas doses por semana durante duas semanas (CAETANO et al.,
2018; MOURA, DE et al., 2018, 2019; RAMOS CAETANO et al., 2020).

4.2 PREPARO DO PRODUTO ALIMENTICIO NATURAL RICO EM FIBRAS

O PANRIF trata-se de uma mistura de linhaca marrom (Natubom®; Lote 2502), chia
(Natubom®; Lote 1902), farinha de banana verde (Natubom®; Lote 0701), aveia (Natubom®;
Lote 1412), quinoa (Natubom®; Lote 0101) e proteina texturizada de soja (Natubom®; Lote
702), adquiridos comercialmente na cidade de Campo Grande, MS, Brasil. Todos os
ingredientes foram triturados e misturados na mesma propor¢cdo. Em seguida, PANRIF foi
acrescentado a racdo comercial (Nuvilab®), triturada, na proporcdo de 10%. ApOS
homogeneizada, a racdo modificada foi umedecida com agua filtrada, peletizada e seca em

estufa com circulacéo de ar a 35° por 12 a 14 horas.

4.3 ANIMAIS E CONDICOES AMBIENTAIS

Foram utilizados 78 ratos Wistar machos, em idade reprodutiva, aproximadamente 10-
12 semanas, distribuidos em seis grupos experimentais (n = 13 animais/grupo) provenientes do
Biotério Central do Instituto de Biociéncias da Universidade Federal do Mato Grosso do Sul,
Campo Grande, MS, Brasil. Os animais passaram por um periodo de adaptacdo de 7 dias.

Os animais foram mantidos em caixas de polipropileno recobertas com maravalha
autoclavada, em duplas ou trios. A luminosidade e a temperatura foram controladas (12 horas
de claro: 12 horas de escuro) com temperatura mantendo-se em torno de 22°C+2 e umidade
55%z5. A alimentacéo foi constituida de &gua filtrada e ragdo comercial (Nuvilab®) ou racéo
comercial (Nuvilab®) acrescida de 10% de PANRIF, ad libitum.
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O experimento foi realizado de acordo com os Principios Eticos em Pesquisa Animal e
aprovada pela Comissdo de Etica no Uso de Animais da Universidade Federal do Mato Grosso
do Sul sob o parecer n° 1.000/2018 (ANEXO A).

4.4 DELINEAMENTO EXPERIMENTAL

Os animais do grupo Controle Negativo receberam racdo comercial durante doze
semanas e na 3? e 4% semanas receberam duas doses de solugéo aquosa de EDTA (0,37 mg/mL)
na proporgéo de 1mL/100g de (p.c.; i.p.). Os animais do grupo Controle Positivo foram tratados
da mesma forma que o controle negativo. No entanto, 0 EDTA foi substituido por uma solucéo
de 1,2-dimetilhidrazina (DMH) na dose de 40 mg/kg (p.c.; i.p.). Os animais do grupo PANRIF
foram tratados como o controle negativo. No entanto, a racdo comercial foi substituida pela
racdo acrescida com 10% de PANRIF. Os animais do grupo Pré-tratamento receberam a racao
comercial acrescida com 10% de PANRIF por duas semanas (1% e 2% semanas). Em seguida,
passaram a receber racdo comercial (32 até a 122 semanas). Na 32 e 42 semanas receberam duas
doses/semana de DMH (40 mg/Kg, p.c., i.p.). Os animais do grupo Simultaneo receberam racéo
comercial na 12 e 22 semanas e depois da 5 a 122 semanas. Na 3% e 4% semanas 0s animais
receberam duas doses/semana de DMH (40 mg/Kg, p.c., i.p.) e foram alimentados com ragédo
acrescida de 10% de PANRIF. Os animais do grupo Pds-tratamento receberam racdo comercial
da 12 a 42 semana e depois passaram a receber a racao acrescida de 10% de PANRIF da 5% & 122
semana. Na 3% e 42 semanas 0s animais receberam duas doses/semana de DMH (40 mg/Kg, p.c.,
i.p.) (Figura 3).
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Figura 3 — Delineamento experimental.

SEMANAS 0 2 3 4 5 12
A
Controle negativo
A
Controle positivo
A
PANRIF 4
Pré-tratamento %//////%%///////ﬁ
Simultineo

Pos-tratamento

B Racio comercial {+ DMH (40mg/Kg, i.p.)
Ragao comercial acrescida com 10% de PANRIF ¢ Coleta de sangue 24h apés a tltima administragdo de EDTA ou DMH

§ EDTA (ip.) A Coleta de sangue seguida de eutanasia

PANRIF — Produto Alimenticio Natural Rico em Fibras; EDTA - &cido etilenodiamino tetra-
acetico; DMH - 1,2-dimetilhidrazina; p.c. — peso corporal; i.p. — intraperitoneal. Fonte: Autor,
2022,

O peso corporal individual e consumo de alimentos foram quantificados duas vezes por
semana durante o periodo experimental.

Vinte e quatro horas ap6s a Ultima administracdo de EDTA ou DMH foi coletada uma
amostra de 20 pL de sangue periférico, por puncao da veia caudal, para a realizacdo do ensaio
do cometa e 20 uL para a realizacdo do ensaio do micronucleo (Figura 3).

No final da 12 semana, os animais foram submetidos a anestesia inalatoria com
isoflurano para a coleta de sangue por puncdo retro-orbital. Em seguida, os animais foram
submetidos a eutanasia por overdose do mesmo anestésico. Posteriormente, os animais foram
submetidos a torocotomia e laparotomia para a coleta de 6rgdos e, em especial, o intestino para

avaliacdo dos FCA.

4.5 ANALISE QUIMICA DA RACAO E DO PRODUTO ALIMENTICIO NATURAL RICO
EM FIBRAS

A umidade foi determinada em estufa a 105 °C até peso constante (AOAC, 2011). As
cinzas foram determinadas em mufla (550°C) (AOAC, 2011). Os lipidios totais foram

determinados pelo método de Bligh e Dyer (1959). As proteinas foram avaliadas por meio do



26

teor de nitrogénio total da amostra, pelo método Kjeldahl, determinado ao nivel semimicro
(AOAC, 2011). Utilizou-se o fator de conversdo de nitrogénio para proteina de 6,25. O teor de
fibra alimentar total foi avaliado pelo método AOAC 985.29 (AOAC, 2011). A determinacao
de carboidratos foi realizada por célculo tedrico (por diferenca) pela formula % Carboidratos =
100 — (% umidade + % proteina + % lipidios + % cinzas + % fibra alimentar). O valor calorico
total (kcal) foi calculado utilizando-se os seguintes valores: lipidios (9,03 kcal/g), proteina (4,27
kcal/g) e carboidratos (3,82 kcal/g) (MERRILL; WATT, 1973). Todas as andlises foram
realizadas em triplicata.

4.6 ENSAIOS BIOLOGICOS

4.6.1 Ensaio do cometa

O ensaio foi conduzido segundo Singh et al. (1988) com modifica¢bes de Navarro et al.
(2014). Vinte microlitros de sangue periférico foram homogeneizados com 120uL de agarose
de baixo ponto de fusdo (Low melting point — LMP — 1,5%), a 37°C. Em seguida, essa mistura
foi depositada em uma lamina pre-coberta com agarose normal (5%) e recoberta por laminula
de vidro. Resfriou-se a 4°C por 20 minutos e retirou-se as laminulas. As laminas foram imersas
em solucdo de lise (89,0mL de estoque de lise (2,5M NaCl, 100,0mM EDTA, 10,0mM Tris,
pH 10,0 corrigido com NaOH solido, 890,0 mL de agua destilada e 1% de laurilsarcosinato de
sodio), 1,0 mL de Triton X -100 e 10,0 mL de DMSQ) por 1h. Apds, as laminas foram
transferidas para o tampdo de eletroforese para desnaturagdo (300,0mM NaOH e 1,0mM
EDTA, preparado a partir de uma solucao estoque de NaOH 10,0N e EDTA 200,0mM pH10,0)
por 20 minutos e, posteriormente, foi realizada a eletroforese com tampéo pH>13 a 4°C por 20
minutos. Apos a eletroforese, as laminas foram neutralizadas com 15,0 mL de solucdo de
neutralizacdo (0,4M Tris e 950mL agua deionizada - pH 7,5) por 15 minutos e secas ao ar livre
e fixadas em alcool etilico absoluto por 10 minutos. As laminas foram coradas com 100 ul de
brometo de etidio. Os nucledides foram fotografados em microscépio de fluorescéncia (Leica,
DMi8) com uma ampliacdo de 200x. Posteriormente, foram analisados 200 nucledides/animal
no programa CometScore 2.0.0.38 TriTek. Os parametros utilizados foram a porcentagem de
DNA na cauda e momento da cauda.

Foi realizado um controle interno do teste com células B16F10 tratadas por 3 horas com
doxorrubicina (5uM). O cultivo das células foi realizado segundo Navarro et al. (2018). As

laminas submetidas a mesma corrida de eletroforese das laminas de sangue periférico.
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4.6.2 Ensaio de micronlcleo em sangue periférico

Foi realizado pelo método descrito por Hayashi et al. (1990) e modificado por Navarro
et al. (2014). Para tanto, uma lamina recoberta com 20 pL de Alaranjado de Acridina (1,0
mg/mL) recebeu 20 pL de sangue periférico da veia caudal. A lamina foi recoberta por laminula
e acondicionada em freezer (-20 °C) por um periodo minimo de sete dias. A anélise foi realizada
em microscopio de epifluorescéncia (Bioval®), no aumento de 40x, com filtro de excitacdo
420-490 nm e filtro de barreira 520 nm. Foram analisadas 2.000 células/animal.

4.6.3 Ensaio de focos de criptas aberrantes (FCA)

ApoOs as eutanasias, foram coletados os intestinos grossos. Esses foram abertos pela
linha mesentérica e fixados em isopor. Posteriormente, os intestinos foram fixados em solucao
tamponada de formalina 10%, por um periodo minimo de 24 horas. No momento da anélise,
cada segmento do cdlon foi corado com solugédo de azul de metileno 10% por 10 minutos e
depositado em uma lamina com a mucosa voltada para cima. A analise foi realizada em
microscopio 6ptico de campo claro em aumento de 10x. Toda a mucosa foi avaliada para a
identificacdo e quantificacdo dos FCA. A identificacdo dos FCA foi baseada nos critérios
utilizados por Bird (1987): (1) foco constituido de uma Unica cripta - a cripta aberrante apresenta
revestimento por camada epitelial espessa, com abertura lumial eliptica e de tamanho superior
(a0 menos 2x) aos das criptas normais circunvizinhas; (I1) foco com duas ou mais criptas - as
criptas aberrantes formam blocos distintos e ocupam uma area maior que a ocupada por um
namero equivalente de criptas de morfologia normal. Ndo ha presenca de criptas normais
separando as criptas aberrantes dentro desses focos. Os FCA foram analisados de acordo com
a ocorréncia de 1 a 3 criptas/foco, 4 a 8 criptas/foco e mais de 9 criptas/foco. Para analise
estatistica considerou-se o nimero total de FCA, de criptas aberrantes por focos e a relacéo
cripta/foco (BIRD; GOOD, 2000).

4.6.4 Calculo da porcentagem de reducdo de danos (% DR)

A porcentagem de reducdo de danos do PANRIF em lesdes induzidas pelo DMH foi

calculada segundo Manoharan & Banerjee (1985), com modificagOes de Pesarini et al. (2013):

Média do controle positivo—Média do grupo associado
%DR = x 100

Média do controle positivo—Média do controle negativo
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4.6.5 Parametros hematoldgicos e bioquimicos

As analises hematoldgicas foram realizadas em unidade de automacdo KX-21
(Sysmex®), segundo recomendacgdes do fabricantes, e revisadas em lamina por meio de
contagem diferencial (leucécitos) (BAIN et al., 2016) e observacdo de morfologia/coloracéo
celular (BAIN et al., 2016).

O sangue periférico coletado por puncéo retro-orbital foi acondicionado em tubo com
gel separador (BD®, CAT: 367986, lote: 6305645-2017-10-31). Em seguida, foi centrifugado
a 2.000 rpm por 10 minutos (Megafuge™ 16 Centrifuge Series - Thermo Fisher Scientific). O
soro foi separado para as analises bioquimicas realizadas no Cobas C111 por meio de Kits
comerciais (Roche®; Lote: aspartato aminotransferase — AST 41777901, alanina
aminotransferase — ALT 42120501, proteina total 3824560, albumina 38244901, ureia sérica
42549401, creatinina 38184001, acido urico 34263401, glicose 40900901, a-amilase
42941601, colesterol 41613201, HDL colesterol 39303201 e triglicerideos 40929901 de acordo

com as recomendacdes do fabricante.

4.6.6 Quantificacdo da expressdo de citocinas IFN-y, IL-6, 1L-10, I1L-12p70, MCP-1 e TNF-a

O sangue periférico coletado por puncao retro-orbital foi acondicionado em tubo com
gel separador (BD®, CAT: 367986, lote: 6305645-2017-10-31). Em seguida foi centrifugado a
2.000 rpm por 10 minutos (Megafuge™ 16 Centrifuge Series - Thermo Fisher Scientific). O
soro foi separado para a quantificacdo das citocinas, usando o Kit Cytometric Beads Array -
CBA (CAT: 552364, Lote: 8171797; BD®), seguindo as instrucdes do fabricante, em citbmetro
de fluxo Cytoflex Beckman Coulter®. Para tanto, incubou-se 50 pL de soro de cada animal
com 50 pL de marcador (Mouse Inflammation PE Detection Reagent) juntamente com as
esferas de capturas marcadas (Capture Beads) por 2 horas. Posteriormente, a mistura foi
centrifugada a 1.500 rpm por 5 minutos. O sobrenadante foi descartado. O precipitado foi
homogeneizados com 1mL de tampdo de lavagem (Wash buffer) e procedeu-se nova
centrifugacdo e descarte do sobrenadante. Ao final, o precipitado foi ressuspendido em 300 pL
de tampdo de lavagem e 10.000 esferas foram avaliadas em citémetro de fluxo Cytoflex
Beckman Coulter para a determinacdo da quantidade de cada citocina. Os dados foram
calculados utilizando calculo de regressao linear simples em curva padrdo para se obter 0s

valores em pg/mL.
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4.7 ANALISE ESTATISTICA

Os resultados das analises quimicas foram expressos em média + desvio padrdo e 0s
demais em média + erro padrdo. Os dados com distribuicdo paramétrica foram analisados por
meio da analise de variancia (ANOVA de uma via) seguida do teste Tukey e 0s ndo
paramétricos por Kruskal-Wallis seguida do teste Dunn. O nivel de significancia adotado foi
p<0,05.
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5 RESULTADOS E DISCUSSAO

De acordo com o proposto nos objetivos foi realizado um experimento pré-clinico em
ratos suplementados com 10% de PANRIf. Os resultados desse experimento estdo apresentados
a seguir, na forma de artigo intitulado “The use of Natural Fiber-Rich Food Product is safe and
reduces aberrant crypt foci in a pre-clinical model”, publicado no periédico NUTRIENTS da
editora MDPI, qualis/fCAPES Al na érea interdisciplinar (fator de impacto 4,171).
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Abstract: Background: Colorectal cancer is a highly prevalent disease, requiring effective strategies
for prevention and treatment. The present research aimed to formulate a natural fiber-rich food
product (NFRFP) and to evaluate its safety, toxicogenetics, and effects on aberrant crypt foci induced
by 1,2-dimethyl-hydrazine in a preclinical model. Methods: A total of 78 male Wistar rats were
distributed in six experimental groups: negative control, positive control (1,2-Dimethylhydrazine—
40 mg/Kg), and four groups fed with 10% NFRFP: NFRFP, pre-treatment protocol, simultaneous
treatment, and post-treatment protocol. Results: The NFRFP was shown to be a good source of fibers
and did not change biometric, biochemical, hematological, and inflammatory parameters, and did
not induce signs of toxicity and genotoxicity /carcinogenicity. NFRFP exhibited a chemopreventive
effect, in all protocols, with damage reduction (% DR) of 75% in the comet test. NFRFP reduced
the incidence of aberrant crypt outbreaks by 49.36% in the post-treatment protocol. Conclusions:
The results suggest the applicability of NFRFP in the human diet due to potential production at an
industrial scale and easy technological application in different products, since it could be incorporated
in food without altering or causing small changes in final product sensory characteristics.

Keywords: chemoprevention; 1,2-dimethylhydrazine; aberrant crypt foci; functional foods; di-
etary fibers

1. Introduction

Colon cancer exhibits high metastatic potential and it is an important public health
issue as it ranks third in incidence and second in mortality among all cancers in the world,
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in both sexes [1]. Lifestyle and eating habits directly influence the risk and/or prevention
of the development of this disease [2].

The Western diet, rich in red and processed meat, and low in fruits and vegetables [3],
changes the intestinal microbiota and can trigger inflammatory processes that are associated
with the development of cancer [4]. Whole cereals and grains, which are common in the
Mediterranean diet, are good sources of dietary fiber associated with reduced risk of
colorectal cancer [5-7].

Dietary fibers are non-digestible components that contribute to: (1) acceleration of
the passage of metabolic waste products through the body; (2) adsorption of toxins;
(3) maintaining the integrity of the digestive tract; (4) substrate for synthesis of short-
chain fatty acids that provide energy for colonocytes; and (5) reduction of intestinal colo-
nization by bacteria responsible for metabolizing and/or releasing pro-carcinogens and
carcinogens [6,8-10]. Among the fibers possessing this capacity, those present in brown
flaxseed [11], chia [12], and green banana flour [13,14], oats [15], and quinoa [16] stand out.
Although textured soy protein does not have large amounts of dietary fiber, this food is
resistant to digestion and absorption in the small intestine due to its protein constitution,
which in turn can modulate the effects of prebiotics on the intestinal microbiota and prevent
colorectal cancer [17].

Considering the high prevalence of colorectal cancer [1], new formulations based
on products rich in fibers used in the prevention or as adjuvant treatments of this type
of neoplasia are of paramount need. Thus, this research aimed to formulate a natural
fiber-rich food product (NFRFP) and to evaluate its safety, toxicogenetics, and effects on
aberrant crypt foci induced by 1,2-dimethyl-hydrazine in a pre-clinical model.

2. Materials and Methods
2.1. Chemical Agent

For the induction of aberrant crypt foci (ACF), chemical agent 1,2-Dimethylhydrazine
(DMH) (Sigma®, St. Louis, MO, USA, CAS No. 306-37-6) was used at a dose of 40 mg/kg of
body weight (BW), diluted in aqueous solution of ethylenediamine tetra-acetic acid (EDTA—
0.37 mg/mL), with pH correction to 6.5 by adding 0.1 N NAOH [18], intraperitoneally (ip),
with modification by Limeiras et al. [19], Navarro et al. [14], Pamplona-Silva et al. [11], and
Pesarini et al. [10]. Two doses were administered per week for two weeks [20-23].

2.2. Preparation of Natural Fiber-Rich Food Product

The natural fiber-rich food product (NFREP) is a mixture of brown flaxseed (Natubom®,
Campo Grande, Brazil, Lot 2502), chia (Natubom®, Campo Grande, Brazil, Lot 1902), green
banana flour (Natubom®, Campo Grande, Brazil, Lot 0701), oats (Natub0m®, Campo
Grande, Brazil, Lot 1412), quinoa (Natubom®, Campo Grande, Brazil, Lot 0101) and tex-
tured soy protein (Natubom®, Campo Grande, Brazil, Lot 702), acquired in commercial
establishments in the city of Campo Grande, MS, Brazil. All ingredients were ground
and mixed in the same proportion. Next, NFRFP was added to crushed commercial chow
(Nuvilab®, Colombo, Brazil) in the proportion of 10%. After homogenization, the modified
chow was moistened by adding filtered water, pelleted, and dried in an oven with air
circulation at 35 °C for 12-14 h.

2.3. Animals and Environmental Conditions

Seventy-eight male Wistar rats of reproductive age, i.e., approximately 10-12 weeks
old, from the Central Vivarium of the Biosciences Institute of the Federal University of
Mato Grosso do Sul, Campo Grande, MS, Brazil, were distributed in six experimental
groups (1 = 13 animals/group) after an adaptation period of 7 days.

Animals were kept in pairs or trios in polypropylene boxes covered with autoclaved
shavings. Luminosity and room temperature were controlled (12 h of light: 12 h of dark)
around 22 °C = 2 and 55% = 5 of humidity. Animal feeding consisted of filtered water and
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commercial chow (Nuvilab®, Colombo, Brazil) or commercial chow (Nuvilab®, Colombo,
Brazil) plus 10% NFRFP, ad libitum.

The experiment was carried out in accordance with the Ethical Principles in Animal
Research and approved by the Ethics Committee on the Use of Animals at the Federal
University of Mato Grosso do Sul under opinion n° 1000/2018.

2.4. Experimental Design

Animals in the Negative Control group received commercial chow for twelve weeks
and in the 3rd and 4th weeks received two doses of aqueous EDTA solution (0.37 mg/mL)
in the proportion of 1 mL/100 g of (BW; i.p.). Animals in the Positive Control group
were treated in the same way as the negative control, replacing EDTA with 40 mg/kg 1,2-
dimethylhydrazine (DMH) solution (BW; i.p.). Animals in the NFRFP group were treated
as the negative control but were fed with 10% NFRFP chow. Animals in the Pretreatment
group received commercial chow plus 10% NFRFP for two weeks (1st and 2nd weeks).
Then, they started to receive commercial chow (3rd to 12th week). In the 3rd and 4th weeks,
they received two doses/week of DMH (40 mg/Kg, BW, i.p.). Animals in the Simultaneous
group received commercial chow in the 1st and 2nd weeks, then in the 5th to 12th weeks.
In the 3rd and 4th weeks, the animals received two doses/week of DMH (40 mg/Kg, BW,
i.p.) and were fed with a 10% NFRFP chow. Animals in the Post-treatment group received
commercial chow from the 1st to the 4th week and then started to receive chow plus 10%
NFRFP from the 5th to the 12th week. At the 3rd and 4th weeks, the animals received two
doses/week of DMH (40 mg/Kg, BW, i.p.) (Figure 1).

3 4 5 12
fl I }

A

[l Commercial chow

| D Commercial chow plus 10% NFRFP

{3 DMH (40mg/kg i.p.)

Blood collection 24 hours after the last administration of
DMH or EDTA

A
A
g ol o A| ¥ omadp
A
A

A Blood collection followed by euthanasia

Figure 1. Experimental design. NFRFP—Natural Food Product Rich in Fiber; EDTA—ethylenedia-mine tetra-acetic acid;
DMH—T1,2-dimethylhydrazine; i.p.—intraperitoneal.

The present experimental design is common in the field area [14,19,21,24-26] as it
might indicate the mechanism of action of dietary fiber in the prevention and/or repair
of DNA damage and other biomarkers for cancer. Thus, pre-treatment and simultaneous
treatment protocols suggest a preferentially demutagenic effect and the post-treatment
protocol a bioantimutagenesis effect [27-30].

Individual body weight and food consumption were quantified twice a week during
the experimental period. Twenty-four hours after the last administration of EDTA or DMH,
a sample of 20 uL of peripheral blood was collected, by puncture of the caudal vein, to
perform the comet assay and 20 uL to perform the micronucleus assay (Figure 1).

At the end of the 12th week, animals were subjected to inhaled anesthesia with
isoflurane to collect blood by retro-orbital puncture. Then, the animals were euthanized by
overdose of the same anesthetic. Subsequently, animals were submitted to thoracotomy
and laparotomy for the collection of organs and, in particular, the intestine for evaluation
of the ACF (Figure 1).
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2.5. Chemical Analysis of Feed and Natural Fiber-Rich Food Product

Humidity was determined in an oven at 105 °C until constant weight (AOAC, 2011).
Ashes were determined in a muffle furnace (550 °C) [31]. Total lipids were determined by
the method of Bligh & Dyer [32]. Proteins were evaluated using the total nitrogen content
of the sample, assessed using the Kjeldahl method and determined at the semi-micro
level [31]. Nitrogen to protein conversion factor of 6.25 was applied. Total dietary fiber
content was assessed using the AOAC 985.29 method [31].

Carbohydrate content was assessed by theoretical calculation (by difference) using
the formula % Carbohydrates = 100 — (% moisture + % protein + % lipids + % ash + %
dietary fiber). The total caloric value (kcal) was calculated using the following values: lipids
(9.03 kcal/g), protein (4.27 kcal /g), and carbohydrates (3.82 kcal/g) [33]. All analyses were
performed in triplicate.

2.6. Biological Tests
2.6.1. Evaluation of Genotoxicity and Antigenotoxicity
Comet Assay

This assay was conducted according to Singh et al. (1988) with modifications by
Navarro et al. [34]. Twenty microliters of peripheral blood were homogenized with 120 uL
of low melting point agarose (Low melting point—LMP—1.5%) at 37 °C. Then, this mixture
was deposited on a slide pre-covered with normal agarose (5%) and covered by a glass cov-
erslip. Slides were cooled to 4 °C for 20 min and the coverslips were removed. Slides were
immersed in a lysis solution (89.0 mL of lysis stock (2.5 M NaCl, 100.0 mM EDTA, 10.0 mM
Tris, pH 10.0 corrected with solid NaOH, 890.0 mL of distilled water and 1% sodium lauryl
sarcosinate), 1.0 mL of Triton X-100 and 10.0 mL of DMSO) for 1 h. Afterwards, slides were
transferred to the electrophoresis buffer for denaturation (300.0 mM NaOH and 1.0 mM
EDTA, prepared from a stock solution of 10.0 N NaOH and EDTA 200.0 mM pH10.0) for
20 min and, subsequently, electrophoresis was performed with buffer pH > 13 at 4 °C
for 20 min. After electrophoresis, slides were neutralized with 15.0 mL of neutralization
solution (0.4 M Tris and 950 mL deionized water—pH 7.5) for 15 min and dried in open
air and fixed in absolute ethyl alcohol for 10 min. Slides were stained with 100 uL of
ethidium bromide. The nucleoids were photographed under a fluorescence microscope
(Leica®, DMi8, Wetzlar, Germany) with a magnification of 200x. Subsequently, 200 nu-
cleoids/animal were analyzed in the CometScore 2.0.0.38 TriTek program. The parameters
used were the percentage of DNA in the tail and the moment of the tail.

An internal test control was performed with B16F10 cells treated with doxorubicin
(5 uM) for 3 h. Cell cultivation was performed according to Navarro et al. [35]. The slides
were submitted to the same electrophoresis run as the peripheral blood slides.

Peripheral Blood Micronucleus Assay

The peripheral blood micronucleus assay was carried out as described by Hayashi
etal. [36] and modified by Navarro et al. [34]. For this purpose, a slide covered with 20 uL
of Acridine Orange (1.0 mg/mL) received 20 uL of peripheral blood from the caudal vein.
The slide was covered by a coverslip and stored in a freezer (—20 °C) for a minimum period
of seven days. The analysis was performed in an epifluorescence microscope (Motic®,
BA410 FL, Vancouver, BC, Canada), at 40 x magnification, with excitation filter 420490 nm
and barrier filter 520 nm. A total of 2000 cells/animal were analyzed.

2.6.2. Testing of Aberrant Crypt Foci

After euthanasia, large intestines were collected. These were opened by the mesenteric
line and fixed in styrofoam. Subsequently, the intestines were fixed in a 10% formalin
buffered solution for a minimum period of 24 h. At the time of analysis, each segment of
the colon was stained with 10% methylene blue solution for 10 min and deposited on a slide
with the mucosa facing upwards. The analysis was performed using a 10x magnification
bright field optical microscope. The entire mucosa was evaluated for the identification
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and quantification of ACF. The identification of ACF was based on the criteria used by
Bird [37]: (1) focus consisting of a single crypt—the aberrant crypt is covered by a thick
epithelial layer, with an elliptical lumial opening and of a larger size (at least 2x) than
those of the surrounding normal crypts; (2) focus with two or more crypts—the aberrant
crypts form separate blocks and occupy an area larger than that occupied by an equivalent
number of crypts of normal morphology. There is no presence of normal crypts separating
aberrant crypts within these foci. The ACF were analyzed according to the occurrence of
1-3 crypts/outbreak, 4-8 crypts/outbreak, and more than 9 crypts/outbreak. For statistical
analysis, the total number of ACEF, of aberrant crypts by foci, and the crypt/focus ratio
were considered [38].

2.6.3. Calculation of Damage Reduction Percentage (% DR)

The percentage of NFRFP damage reduction in DMH-induced injuries was calculated
according to Manoharan and Banerjee [39], with modifications by Pesarini et al. [10],
as follows:

Average of the positive control — Average of the associated group

%DR =
? Average of the positive control — Average of the negative control

x 100

2.6.4. Hematological and Biochemical Parameters

Hematological analyzes were carried out in a KX-21 automation unit (Sysmex®),

according to the manufacturer’s recommendations, and revised on a slide by means of
differential counting (leukocytes) [40] and observation of cell morphology/staining [40].

Peripheral blood collected by retro-orbital puncture was placed in a tube with sep-
arating gel (BD®, Curitiba, Brazil, CAT: 367986, lot: 6305645-2017-10-31). Then, it was
centrifuged at 2000 rpm for 10 min (Fanem®, Excelsa 3, Sao Paulo, Brazil). Serum was
separated for biochemical analyses performed on Cobas C111 using commercial kits
(Roche®, Mannheim, Germany, Batch: aspartate aminotransferase—AST 41777901, ala-
nine aminotransferase—ALT 42120501, total protein 3824560, albumin 38244901, serum
urea 42549401, creatinine 38184001 uric 34263401, glucose 40900901, x-amylase 42941601,
cholesterol 41613201, HDL cholesterol 39303201 and triglycerides 40929901) according to
the manufacturer’s recommendations.

The parameters evaluated included total cholesterol, HDL cholesterol, glucose,
a—amylase, lipase, markers of liver function (ALT and AST), markers of renal function
(urea, creatinine, and uric acid), and protein profile (albumin and total proteins).

2.6.5. Quantification of IFN-y, IL-6, IL-10, IL-12p70, MCP-1 and TNF-« Cytokine Expression

Peripheral blood collected by retro-orbital puncture was placed in a tube with separat-
ing gel (BD®, CAT: 367986, lot: 6305645-2017-10-31). Then, it was centrifuged at 2000 rpm
for 10 min (Fanem®, Excelsa 3, Sao Paulo, Brazil). The serum was separated for cytokine
quantification, using the Cytometric Beads Array Kit—CBA (CAT: 552364, Lot: 8171797;
BD®), following the manufacturer’s instructions, using a Cytoflex Beckman Coulter® flow
cytometer. For this purpose, 50 pL of serum from each animal was incubated with 50 pL
of marker (Mouse Inflammation PE Detection Reagent) together with the marked capture
spheres (Capture Beads) for 2 h. Subsequently, the mixture was centrifuged at 1500 rpm
for 5 min. The supernatant was discarded. The precipitate was homogenized with 1 mL
of wash buffer (Wash buffer) and a new centrifugation and supernatant disposal were
performed. At the end, the precipitate was resuspended in 300 pL of wash buffer and
10,000 spheres were evaluated in a Cytoflex Beckman Coulter flow cytometer to determine
the amount of each cytokine. The data were calculated using simple linear regression
calculation on a standard curve to obtain the values in pg/mL.
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2.7. Statistical Analysis

Chemical analysis results were expressed as mean =+ standard deviation and other vari-
ables as mean =+ standard error. Parametric distribution data were analyzed by ANOVA / Tukey
and non-parametric Kruskal-Wallis/Dunn. The level of significance adopted was p < 0.05.

3. Results
3.1. Chemical Analysis of Diets and Evaluation of Food Intake

Chemical analysis of commercial chow and commercial chow plus 10% NFREFP
showed that the addition of NFRFP reduces (p < 0.05) the moisture and amount of carbo-
hydrates by 19.45% and 7.7%. The amount of dietary fiber increased by 20.94%. Ashes,
protein, lipids, and calories did not change significantly (p > 0.05) (Table 1).

Table 1. Chemical analysis of commercial chow, chow plus 10% NFRFP and NFRFP.

Commercial Chow Commercial Chow
Fhamptacs Nuvilab® Plus 10% NFRFP NEREE

Mean + SD Mean + SD Mean + SD

Humidity (g/100 g) 9.47 +0.16° 714 +£0.172 7.60 = 0.16

Ashes (g/100 g) 7.00 £+ 0.07 2 6.96 +0.182 3.44 + 0.06
Protein (g/100 g) 20.14 +0.08 @ 21.19+0492 17.65 + 0.30
Lipids (g/100 g) 3.80 +£0.042 4744+ 0472 11.81 +0.13
Carbohydrates (g/100 g) * 42204 0.07° 3895+ 0.68 2 40.76 +0.76
Calories (kcal/100 g) 281.57 £0.472 282.06 £0.552 38772+ 127
Total food fiber (g/100 g) 17.38 4+ 0.04 2 21.02 +0.88° 18.75 + 0.62

NFRFP—Natural Fiber-Rich Food Product; SD: Standard Deviation. Data expressed on wet basis. Different letters
in the same line indicate statistically significant differences (Statistical Test: Student’s ¢; p < 0.05). * Calculated
by difference.

Chemical analysis of NFRFP showed that it contains 7.60 += 0.16 g/100 g of moisture,
3.44 £ 0.06 g/100 g of ashes, 17.65 & 0.30 g/100 g of protein, 11, 81 + 0.13 g/100 g
of lipids, 40.76 £ 0.76 g/100 g of carbohydrates, 337.72 4 1.27 g/100 g of calories and
18.75 + 0.62 g/100 g of total fiber (Table 1).

Average food intake did not differ among the experimental groups (p > 0.05). The
lowest food intake was observed in the simultaneous treatment group (19.83 =+ 2.61) and
the highest was observed in the negative control (24.53 + 0.91) (Supplementary Figure S1).

3.2. Effects of Feed Plus 10% NFRFP and Feeding Protocols on Biometric Parameters

Animals started the experiment period with similar body weights (p > 0.05). Final
body weight and weight gain did not show statistically significant differences among
the experimental groups regardless of diet and treatment protocol (p > 0.05). Absolute
and relative weights of heart, lung, liver, spleen, kidneys, right epididymis, and right
testicle did not present significant differences when compared to the negative control group
(p > 0.05) (Supplementary Table S1).

3.3. Genotoxicity Tests

The Comet test showed that DMH is capable of increasing the frequency of genomic
lesions. Thus, there was an increase of 4.09x in % tail DNA and 5x in moment of the tail
(p < 0.05) (Figure 2A,C).

NERFP did not cause changes (p > 0.05) in the frequency of % tail DNA or in the
moment of the tail when compared to the negative control (p > 0.05) (Figure 2C).
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Figure 2. Chemopreventive action of Natural Fiber-Rich Food Product (NFREP), by the comet assay, in different protocols
for inducing DNA damage by 1,2-Dimethylhydrazine. (A) % DNA in the tail; (B) % Reduction of DNA damage in the
tail DNA; (C) Moment of the tail; (D) % Reduction of damage in tail moment. Internal Control—was performed with
B16F10 cells treated with doxorubicin (5 uM). Different letters indicate statistically significant differences (Statistical Test:

ANOVA /Tukey; p < 0.05).

The association protocols demonstrated that NFRFP exhibits a chemopreventive effect
(p < 0.05). The % DR in % tail DNA was 33.81%, 15.24%, and 32.86% for pre-treatment,
simultaneous treatment, and post-treatment, respectively (Figure 2B). Regarding % DR for
the tail moment, results showed 75% for all protocols analyzed (p < 0.05) (Figure 2D).

Figure 2A,C show (in the last bar of the histogram) values of% DNA in the tail
and Tail Moment for an internal control of the test, performed with B16F10 cells treated
with Doxorubicin (5 pM), which presented the values of 31.44 + 5.33 and 23.03 + 5.12,
respectively.

The frequency of micronuclei in the positive control increased (p < 0.05) by 4.25 times
in relation to the negative control. The NFRFP did not induce an increase in the frequency
of micronuclei (p > 0.05) (Figure 3A). The chemopreventive effect was observed only
for the pre-treatment protocol (p < 0.05) (Figure 3A) with % DR of 84.31% (Figure 3B).
The simultaneous and post-treatment protocols did not show chemopreventive activity
(p > 0.05) (Figure 3A) and the % DR were 42.24% and 65.76%, respectively (Figure 3B).
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Figure 3. Chemopreventive action of the Natural Fiber-Rich Food Product (NFRFP), by the micronucleus assay, in different
protocols for inducing DNA damage by 1,2-Dimethylhydrazine. (A) Average frequency of micronuclei; (B) DNA Damage
Reduction Percentage. Different letters indicate statistically significant differences (Statistical Test: Kruskal-Wallis/Dunn;
p <0.05).

3.4. Aberrant Crypt Foci

DMH increased (p < 0.05) the frequency of foci by 72.80x (p < 0.05) (Table 2). NFRFP
did not increase the frequency of AFC when compared to the negative control group
(p > 0.05) (Table 2).

Table 2. Effect of consumption of Natural Fiber-Rich Food Product (NFRFP) on the frequency of aberrant crypts foci and
reduction of damage to the colon of rats treated with 1,2-dimethylhydrazine (DMH).

Group/Treatment SRR, T;t::n/:::: %DR
1-3 Crypts 4-9 Crypts >9 Crypts
Negative Control 1.00 + 0.462 0.25 +0.18 2 0.00 = 0.00 125 +0.522 -
Positive Control 50.27 4+ 10.42 36.82 45650 391 +1.15b 91.00 + 15.82 ¢ -
NFRFP 3.08 +1.042 1.69 + 0.58 2 0.15+0.152 492 +1.62° =
Pre-treatment 28.20 + 4.61P 3730 £7.300 290 +1.322b 58.40 + 11.45 be 25.18
Simultaneous 33.44 +4.49b¢ 27.334+511P 12240432 62.00 + 9.07 be 3231
Post-treatment 24.20 +3.67P 2150 +3.18P 1.00 + 0.39 2 46.70 £ 570 4936

NFRFP—Natural Fiber-Rich Food Product; % DR—Percentage of Damage Reduction. Different letters indicate statistically significant
differences (Statistical Test: ANOVA /Tukey; p < 0.05).

The chemoprotective effect of NERFP was observed, significantly, for pre- and post-
treatment in the occurrence of 1-3 crypts/foci (p < 0.05). Regarding 4-8 crypts/foci, all
protocols tested were chemopreventive (p < 0.05). For the occurrence of more than nine
crypts, none of the protocols demonstrated chemoprevention (p > 0.05) (Table 2). A general
analysis allows us to infer that only the post-treatment protocol was efficient in reducing the
AFC induced by DMH and % DR was 49.36%. However, pre-treatment and simultaneous
treatment protocols did not show a significant effect, with % DR of 25.18% and 32.31%,
respectively.

3.5. Evaluation of Biochemical and Hematological Parameters

Hematological analysis showed that platelet concentration was lower than reference
values for Wistar rats (CHARLES RIVER LABORATORIES, 2008; DANTAS et al., 2006)



Nutrients 2021, 13,2708

9 of 16

in the negative control group, NFRFP and pretreatment groups. RDW was lower than
the reference value for the pre-treatment group. Statistical analysis demonstrated that
there were no significant differences between the experimental groups and the negative
control regarding the number of leukocytes, neutrophils, and eosinophils, hemoglobin
concentration, and RDW (p > 0.05). The simultaneous treatment group showed an increase
(p < 0.05) in the concentration of erythrocytes. Simultaneous and post-treatment groups
showed an increase (p < 0.05) for hematocrit, platelets, and monocytes. The post-treatment
group showed a reduction (p < 0.05) in the frequency of lymphocytes in relation to the

negative control (Table 3).

Table 3. Effect of consumption of Natural Fiber-Rich Food Product (NFRFP) on hematological parameters in rats treated
with 1,2-dimethylhydrazine (DMH).

Experimental Groups

Parameters . Reference
b::?:t'rl: Positive Control NERFP Pre-Th 1 Pos-Ti Value
Leucocytes (10°/ uL) 8.34 40782 1094 +1.11° 9.11 40452 9.82 40902 9.87 +0.74° 1032 +£1.00° 341-137!
Erythrocytes (10°/uL) 59140512 620+ 0272 6.59 + 0.08 6.43 + 0.20%° 7.74 + 030" 7.20 + 0.40 2 54-852
Hemoglobin (g/dL) 1159 +£0.82° 11.94 £ 0582 1275+ 0.09? 12.37 £ 0.31° 1357 £097° 1235 +£1.16° 10.2-17.81
Hematocrit (%) 3437 +£248° 35.84 £ 1.12% 38.05 & 0.34 ab¢ 36.66 =+ 0.94 2 43.00 +£1.37°¢ 40.58 + 152 23.8-519"
Platelets (10° uL) 63540 +£59.47°  786.80 = 38.78°>  712.00 & 16.33 2 684.20 + 42.43 2 981.60 + 58.60° 938.90 + 89.64 P 727-13511
Neutrophils (%) 1292 + 155 16.18 + 2.43 9.77 + 0442 16.30 + 1.67 % 13.11 £ 215 19.10 + 3.24° NF
Lymphocytes (%) 83.45 + 1.43° 79.73 £ 2.59 86.35 -+ 0.47° 79.33 + 1.79 81.99 + 2.27 % 7512 +£2.712 43.1-9371
Monocytes (%) 208 +029° 2,64 +031% 239 +0.14% 3.00 = 0.21% 333 +024° 34040310 1-1521
Eosinophils (%) 1.08 40152 146 40282 162+ 0142 140 4 0.22°2 1.78 40282 150 + 0312 0-36"
Basophils (%) 0.58 + 0452 0.20 4009 0.05 4 0.04° 0.13 40052 0.03 +0.022 1.07 + 0992 0-31
RDW (%) 13.84 + 0992 14.86 + 2,022 13.14 + 0212 12.80 + 0.30 2 1331 +0.17° 1522 +1.332 13-1843

RDW: Red cell distribution width. NF—not found. Different letters on the same line indicate statistically significant differences. ! Lima et al.,
2014;2 Lapchik, et al., 2009; 3 Melo et al., 2012. (Statistical test: ANOVA /Tukey p < 0.05).

Biochemical tests demonstrated that albumin level was higher than reference values
for Wistar rats (CHARLES RIVER LABORATORIES, 2008; DANTAS et al., 2006) in NFREFP
and pretreatment groups. Cholesterol was lower than the reference value for the NFRFP
group. HDL cholesterol was higher than the reference values in the negative control,
pretreatment, and simultaneous treatment groups. Triglyceride concentrations were lower
than the reference values for the NFRFP groups, pre-treatment, and simultaneous treatment.
Statistical analysis showed that there were no differences among the experimental groups
and the negative control group, except for the significant reduction in AST observed in
the pre-treatment and post-treatment groups and for the reduction of cholesterol for the
NERFP group (p < 0.05) (Table 4).

Table 4. Effect of consumption of Natural Fiber-Rich Food Product (NFRFP) on biochemical parameters in rats treated with
1,2-dimethylhydrazine (DMH).

Parameters

Experimental Groups

Ref

e

Negative Positive Control NFRFP Pre-Treat 1 Pos-Tr t Value
AST (U/L)! 127.90 £8.89°  108.00 + 6,22 % 97.08 + 345° 11080 £9.10% 11150 = 5.63 89.45 + 4.56° 18-267
ALT (U/L)! 4550 +3.52° 5448 +4.75° 4229 £294° 57.33 +£5.15° 58.29 4 5.56 ¢ 4627 £421° 34-83°
Total protein (g/dL) ! 6.26 1 0.152 591+ 0272 642 +0.162 639 40,102 625+ 0162 6.14 40,192 55-104°
Albumine (g/dL)? 4.19 £ 0.09 % 3.85 4+ 0232 436+ 011 434 =005 419011 411+0.18" ;

Serum urea (mg/dL) ! 4040 +131° 38234139 39.15 + 1.86 * 39.95 + 146" 39.61 4 2.46° 36.56 + 1.69° 26-58 ¢
Creatinine (mg/dL) ! 042 4 0.03° 0.38 +0.02° 035 +0.02" 043 +0.05° 035 +0.04° 045 + 0,03 0.24-12°
Uric acid (mg/dL) ' 20440172 1.61+0.08° 183 +0.18° 1.98 £0.26° 17140132 1-32°
Glicose (mg/dL) ! 133.0 £ 10832 109.7 + 8.01° 1216 + 7.58°2 129.2 = 10,08* 1195 +7.27° 72-193°

o—amilase (U/L) ! 1972 + 87.57 2 2110 + 74.16 1997 + 74.982 2029 + 114.002 1852 1 87.032 NF
Cholesterol (mg/dL) ! 68.95 + 4.59 © 66.10 =+ 3.78 % 5228 + 2692 7041 +1.90" 62.51 +4.97 % 56.51 4 4.53 3 68.9-105.1
HD(ILn;}}‘;'S‘f“’I 65.93 = 410 57.92 + 492 % 52.71 4+ 2422 68.92 +228" 60.25 = 3.97 2 5172 43222 36.6-59.4
Triglycerides (mg/dL)! 6556 -+ 7.93% 96.83 + 34.67 38.88 +3.11° 50.51 + 541 52.88 4 8.44° 65.25 + 27.08° 57.27-106.7 ¢
Lipase (U/L)? 23.64 + 15347 29.51 +19.36° 10.26 = 3.48° 17.01 + 10922 299 £022° 42140917 NF

AST—aspartate aminotransferase; ALT—alanine aminotransferase; NF—not found. Different letters on the same line indicate statistically
significant differences. ® Charles River Laboratories, 2008; b De Lima, 2018; ¢ Dantas et al., 2006. (Statistical Test: 1 ANOVA /Tukey,
2 Kruskal-Wallis/Dunn; p <0.05).
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3.6. Quantification of IFN-y, IL-6, IL-10, IL-12p70, MCP-1 and TNF-a Cytokine Expression

The evaluation of the systemic inflammatory process demonstrated that there were no
variations in the concentration of IFN-y, IL-6, IL-10, IL-12p70, MCP-1, and TNF-& among
different experimental groups, except for IL-6 levels among positive control and post-
treatment groups compared to the simultaneous group. However, none of these groups

differ from the negative control (Figure 4).
20
10

Experimental group Experimental group

11, - 6 (ng/mL)
IL - 10 (ng/mL)

TNT (ng/mL)

Experimental group Experimental group

Il Positive control I NEREP Pre-treatment 20 Simultaneous EEB post-treatment

tion of the Natural Fiber Rich Food Product (NFRFP) on the expression of the cytokines IFN-y

(A), IL-6 (B), IL-10 (C), IL-12p70 (D), MCP-1 (E) and TNF-« (F) in rats treated with 1,2-dimethylhydrazine (DMH). Different
letters indicate statistically significant differences (Statistical Test: ANOVA /Tukey; p < 0.05).

4, Discussion

According to the Brazilian National Health Surveillance Agency [41], high fiber con-
tent products are those containing >6 g/100 g. NEREP presented 18.55 g/100 g. Therefore,
it is considered a good source of fiber, representing a natural food product to be included in
the human diet. The average recommended daily fiber intake for adults, of both sexes, aged
19-50 years, is 31.5 g/day [42]. Therefore, the consumption of a 50 g portion of NFRFP
supplies 59.52% of the daily dietary fiber requirements.

Regarding humidity, commercial chow and chow plus 10% NFRFP were statistically
different (p < 0.05). Such a difference may have occurred due to the drying process of
NEFRFP chow. Elias et al. [43] reported that the moisture content is related to drying
methods, binomial time/temperature, and storage period.

ANVISA [44] determines that flours might contain a maximum of 15 g/100 g of
moisture, aiming to prevent the proliferation of microorganisms and increase the durability
of the product. Thus, NFRFP chow displayed 7.60 g/100 g of moisture and it can be
considered a flour. It was observed that the addition of NFRFP did not change the content
of ashes (mineral residue), lipids, and proteins between the analyzed diets.

Regarding protein content, a food might be considered as a protein source if it presents
at least 6 g of protein/100 g of prepared product or portion. Food can be considered as
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high in protein as long as it contains at least 12 g of protein per 100 g of prepared product
or portion [41]. Thus, NFRFP might be labeled as a high protein product and might be
used a complementary ingredient in food products in order to increase protein value.

The addition of NFRFP in the diet reduced the amount of chow carbohydrates by 7.7%.
This characteristic is desirable since evidence showed that diets rich in carbohydrates are re-
sponsible for the development of chronic diseases, such as obesity [45,46] and cancer [47,48].
Furthermore, NFRFP increased chow total dietary fiber by 20.94%, a desired characteristic
since dietary fibers may be associated with decreased incidence of colorectal cancer. Diet
fiber exerts beneficial effects such as increasing fecal volume, regulating intestinal flora,
and promoting the dilution and/or adsorption of possible carcinogens [6,8,9,11].

Another interesting fact is that the addition of NFRFP to the chow did not change food
intake of experimental groups. Thus, it is suggested that the product is palatable, with easy
technological application in different products, as it can be incorporated without changing
sensory characteristics of the final product. The absence of weight change, including
absolute and relative weight of organs, also allows us to infer that NFRFP did not show
signs of toxicity. No changes in hematological and biochemical parameters also suggest an
absence of toxicity.

Regarding biochemical evaluation, platelet counts observed were below reference
values (Lima et al., 2014) for the negative control, NFRFP, and pre-treatment groups.
The RDW also presented values below the reference values [49] in the pre-treatment
group, as well as the plasma triglyceride concentrations. Albumin concentration was
above the reference values [50] in the NFRFP and pre-treatment groups. The same was
observed for HDL cholesterol in the pretreatment and simultaneous treatment groups.
Taken together, it was not possible to establish any relationship between the intake of
NFRFP and concentration of platelets and HDL cholesterol since variations were also
observed in the control group that did not ingest NFRFP. Thus, we infer that these findings
represent normal variation in rats used in the present study.

Significant differences were observed among the control and treatment groups, such as
an increase in the amount of erythrocytes in the simultaneous group; increased hematocrit
in the simultaneous and post-treatment groups; increase in platelets in the simultaneous
and post-treatment groups; increase of monocytes in the simultaneous and post-treatment
groups; reduction of lymphocytes in the post-treatment; and reduction of AST and ALT in
the pre-treatment and post-treatment groups. Those changes can be considered within the
reference values, not related with NFRFP ingestion nor biologically relevant. However, it
is important to notice that plasma cholesterol concentration was lower in the NFRFP group
compared to the control group and below the reference value for rats [51]. Thus, we suggest
that NFRFP may have a hypocholesterolemic effect if consumed for 12 consecutive weeks.
This conclusion is corroborated by findings in the post-treatment group, who ingested
NERFP for seven weeks and presented a tendency towards reducing plasma cholesterol
concentration, and in pre-treatment and simultaneous treatment groups that presented no
changes in cholesterol concentration after ingestion of NFRFP for two weeks.

Dietary fibers can reduce cholesterol by increasing intestinal transit, which prevents
part of the absorption of fats [52], by assisting the capture of lipids that are more easily
integrated into the fecal bolus [52,53], and by producing important metabolites such as short-
chain fatty acids (acetate, propionate and butyrate) [54,55] after fermentation by specific
groups of bacteria, such as lactobacilli and bifidobacteria [56]. The main short-chain fatty
acid is butyrate, which is responsible for colonocyte nutrition and exhibits anticarcinogenic
and anti-inflammatory potential. Butyrate acts on the intestinal epithelial barrier and
modulates oxidative stress [54,57,58]. In addition, according to Anderson et al. [59], short-
chain fatty acids, mainly propionic acid, decrease cholesterol synthesis in the liver, leading
to cholesterol reduction in the bloodstream. Thus, we infer that the presented mechanism is
implied in the hypocholesterolemic action of NFRFP for 12 weeks.

Despite the statistical analysis showing that the positive controls caused DNA damage
in the comet assay (% tail DNA) and micronucleus tests, the values found have no biological
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relevance. This can be explained by the fact that DHM is a compound with low initiation
and associated with strong promotion of colorectal carcinogenesis [60,61]. Another fact that
can explain this finding is that the spleen of rats is very proficient in sequestering cells with
DNA damage (genomic damage—comet; chromosomal damage—micronuclei) [62] com-
pared to mice, for example. These data are corroborated by studies carried out with mice
that demonstrated that DMH was capable of causing genotoxic damage [10,11,14,19,24].
The study by Pesarini et al. [10] demonstrated that DMH (30 mg/Kg) caused an average
frequency of 99.60 £ 0.22 injured cells for every 100 cells analyzed. The micronucleus
frequency in this same study was 28.20 4 0.75 in every 2000 cells analyzed. Thus, we infer
that the detection of DNA damage can vary according to the experimental model used
to induce aberrant crypts as well as the dose of DMH used. We suggest that genotoxic
damage can be better evaluated in studies with mice. However, the rat model is the best
for evaluating aberrant crypt foci.

These results were already expected by our research group. Thus, to avoid doubts as
to whether the techniques were well standardized, we simultaneously treated a negative
control group and a positive control group with DHM, in the Swiss mouse model (data
not shown) and ran the slides together with the slides of the present study. In Swiss mice,
the frequency of genetic damage in the positive control was at least 2x more than the
frequency of the negative control, a condition necessary for a compound to be considered
positive [24,63,64]. This fact may occur because, according to Rabello-gay et al. [65], the
spleen of rats and humans are more efficient at sequestering cells with DNA damage
compared to the capacity of mice. Therefore, this may be the explanation for the lesions
being observed in mouse models and not in rats.

Despite the low capacity of DMH to induce detectable DNA damage measured by
comet and micronucleus techniques, this compound was an efficient promoter of intestinal
chemical carcinogenesis since it increased the frequency of aberrant crypt foci in Wistar rats
by 72.8x. The frequency of foci in the negative control group and NFRFP did not differ,
which reinforces the safety of using this compound in the diet. In addition, NFRFP was
able to significantly reduce the frequency of aberrant crypt foci in the post-treatment group
(% DR =49.36). Furthermore, a tendency was found in reducing lesions in the pre-treatment
and simultaneous treatment groups with % DR rates of 25.18 and 32.31. Despite the absence
of significant differences, these values are interesting in the cancer prevention context and
can be reevaluated in other studies, including other experimental models.

The pre-treatment and simultaneous treatment protocols are indicative of which substances
can act by desmutagenesis, meaning a compound or products of its metabolism that can act
directly on the damage inducer by chelation or enzymatic inactivation [10,11,19,24,27-29,66,67].
This mechanism is described for different foods or food components [10,11,14,19,21,24-26,28]
and fibers [10,11,14,19,20,24,26,29]. The post-treatment protocol, on the other hand, allows the
evaluation of compounds with bioantimutagenic actions that are capable of modulating repair
enzymes favoring the correction of DNA damage [27-30,68].

NERFP acts by bioantimutagenesis since it prevented the occurrence of aberrant
crypts foci in the post-treatment protocol. In this case, the crypts were induced for two
consecutive weeks, with applications of DMH, and, at the end of the induction, animals
started receiving NFRFP. This result suggests that this compound or its metabolites are
capable of modulating cellular repair machinery in order to reverse DNA damage and, even
partially, the development of aberrant colorectal cancer foci crypts. Thus, we demonstrate
the pioneering and original nature of the NFREP.

Fiber-rich compounds, such as NFRFP, can exhibit chemopreventive effect. The chemo-
preventive properties of dietary compounds involve multiple molecular and biochemical
mechanisms that lead to the inhibition of cell growth, tumor initiation, adhesion, migration,
angiogenesis, apoptosis, interaction with the intestinal microbiota, regulation of cell signal
transduction pathways and xenobiotic metabolizing enzymes [69]. Thus, it is inferred
that NFRFP can act in this line by promoting the prevention, suppression, or reversal of
carcinogenesis in its early stages.

42



Nutrients 2021, 13,2708

13 of 16

It is known that ACF are induced by an inflammatory response. In summary, DMH
is hydrolyzed in the liver to produce methylazoxymethane, which conjugates with (3-
glucuronic acid and is carried to the intestinal lumen. In the intestinal lumen, bacterial
B-glucuronidase releases the active metabolite of DMH, azoxymethane [70]. This metabo-
lite triggers a mild inflammatory reaction that increases cell proliferation in the colon
mucosa. When administered chronically, this drug leads to continuous proliferation and
the induction of GC — AT transitions in genes, such as -catenin and Kras, triggering the
induction of colorectal carcinogenesis [71].

Based on the previous concept, the profile of some cytokines that are involved in
the inflammatory process and its resolution, cell proliferation, and differentiation were
evaluated. However, our results showed that, according to the present protocol, cancer
induction with DMH and/or NFRFP consumption does not modify serum concentrations
of IFNy, IL-6, IL-10, IL-12p70, MCP-1, and TNF-c. The consulted literature presented few
data that correlated the cytokine dosage in this model of induction of aberrant crypt foci
by DME. However, Li et al. [72] demonstrated that germinated brown rice is capable of
reducing IL-6 (<0.25 ng/mL) and TNF-« (<0.35 ng/mL), in contrast with the findings of
the present study. Thus, further research might clarify these observations.

Taking into account the benefits of NFRFP, we believe that it might be of industrial
interest by adding fiber sources to foods and beverages without modifying or causing major
modifications to the organoleptic characteristics, with potential use for healthy individuals
and for those affected by colorectal cancer. In addition, NFRFP presents a low cost and is
derived from foods already part of the human diet.

5. Conclusions

NERFP does not cause toxicity and/or genotoxicity /carcinogenicity, nor changes in
the biochemical, hematological, and inflammatory profiles (isolated or in association with
DMH), except for the reduction of cholesterol when consumed for at least 12 consecutive
weeks. This formulation presented a chemopreventive effect and reduced the progression
of aberrant crypt foci in the post-treatment protocol. These results open avenues to studying
the applicability of NFRFP in the human diet due to the possibility of production on an
industrial scale and easy technological application in different products. NFRFP can be
incorporated into food without altering sensory characteristics of the final product.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/nu13082708/s1, Figure S1: Average food intake (g) of different experimental groups over
twelve weeks. NFRFP—Natural Fiber-Rich Food Product. Table S1: Effect of consumption of the
Natural Fiber-Rich Food Product (NFRFP) on the weight development of animals submitted to
different treatment protocols.
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Figure S1. Average food intake (g) of different experimental groups over twelve weeks. NFRFP -
Natural Fiber-Rich Food Product. Equal letters on the same line indicate absence statistically significant
differences. (Statistical test: ANOVA, p>0.05).
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Table S1. Effect of consumption of the Natural Fiber-Rich Food Product (NFRFP) on the weight
development of animals submitted to different treatment protocols:

Experimental Negative Positive NFRFP Pre- Simultaneous Pos-
Groups Control Control treatment treatment
N 12 11 13 10 9 9
Initial Weight 1 301+9.142 304.3+7.88=  306.248.912 300.7+8.19:  306.9+9.62
300.6+8.00- a
Final weight! 414.5+10.14>  437.8+8.19@  428.6x13.152  411.9+17.132  417.6+10.1
426.8+14.832 2a
Weight gain! 113.54¢15.47=  133.5+11.882 119.0+16.81=  111.2415.86=  110.7+13.6
126.2+19.09a 8a
Absolute weight
Heart!
1.14+0.05 1.14+0.032 1.15+0.032 1.14+0.05 1.19+0.05 1.17+0.03~
Lungs!
1.70+£0.07=>  1.71+0.05%>  1.72+0.05 1.64+0.072 1.62+0.05 1.93+0.07°
Liver! 13.64+0.67
13.20+0.472  14.29+0.822  14.17+0.35¢  13.81+0.502 13.92+0.872 a
Spleen?
0.75+0.062 0.98+0.267 0.77+0.032 0.74+0.042 0.83+0.102 0.96+0.25
Kidneys? 2.88+0.122 2.94+0.08¢ 3.05+0.08¢ 2.93+0.122 2.85+0.172 3.32+0.66
Right
epididymis! 0.42+0.022 0.53+0.132 0.50+0.04- 0.48+0.052 0.58+0.102 0.49+0.04-
Right testicle! 1.72+0.072 1.53+0.122 1.74+0.037 1.68+0.06 1.51+0.162 1.59+0.05
Relative weight
Liver! 3.10+0.052 3.51+0.312 3.24+0.052 3.25+0.067 3.38+0.142 3.27+0.152
Heart! 0.27+0.012 0.28+0.012 0.26+0.012 0.27+0.002 0.29+0.01a 0.28+0.012
Lungs! 0.40+0.02a>  0.42+0.02a> 0.39+0.01a 0.38+0.01a 0.39+0.01a 0.46+0.01°
Kidneys? 0.67+0.012 0.71+0.022 0.70+0.01a 0.69+0.022 0.69+0.022 0.79+0.152
Spleen? 0.18+0.012 0.25+0.08- 0.18+0.01a 0.17+0.01a 0.20+0.032 0.23+0.062
Right 0.43+0.022 0.53+0.132 0.50+0.04- 0.48+0.052 0.58+0.102 0.49+0.04~
epididymis!
Right testicle! 1.85+0.382 1.785+0.49° 1.43+0.122 1.69+0.242 1.57+0.312 1.66+0.222

NFRFP - Natural Food Product Rich in Fiber. Different letters on the same line indicate statistically
significant differences (Statistical Test: IANOVA / Tukey, 2Kruskal-Wallis / Dunn, p> 0.05).
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6 CONCLUSOES

Com base nos resultados apresentados, permite-se concluir que:

1) O PANRIF é uma boa fonte de fibras e proteinas que pode ser inserido na dieta,
agregando valor nutricional.

2) O PANRIF ndo causa toxicidade e/ou genotoxicidade/carcinogenicidade, nem
alterac6es nos perfis bioquimico, hematoldgico e inflamatério (isolado ou associado ao DMH),
exceto pela reducgéo do colesterol quando consumido por pelo menos 12 semanas consecutivas
em ratos.

3) Esta formulacéo apresentou efeito quimiopreventivo e reduziu a progressao de focos
de criptas aberrantes no protocolo pds-tratamento.

4) Esses resultados abrem caminhos para estudar a aplicabilidade do PANRIF na dieta
humana devido a possibilidade de producdo em escala industrial e facil aplicacdo tecnoldgica
em diferentes produtos.
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ANEXO A — Protocolo de aprovacdo do comité de ética no uso de animais (CEUA)
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Certificamos que a proposta intitulada “Avaliacao dos efeitos de um composto alimentar
bioativo na prevencgao do cancer colorretal e no processo inflamatoério”, registrada com o n° 1.000/2018.
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