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RESUMO

A doenca inflamatoria intestinal (DII) ¢ doenca cronica recidivante que atinge milhdes
de pessoas no mundo, englobando a Doenga de Crohn (DC) e a Retocolite Ulcerativa
(RCU). A diferenca entre as duas ¢ a sua localizagao, sendo a RCU especifica da regido
do colon e reto. O tratamento atual para estas patologias ¢ realizado a base de
corticosterdides, imunomoduladores ou anti-TNF-a, conhecido como terapia bioldgica,
os quais apresentam diversos efeitos colaterais ao paciente. A patogénese desta doenca
estd relacionada com fatores genéticos, imunologicos e ambientais. Acredita-se que o
desequilibrio da microbiota, assim como a ruptura na barreira natural exercida pela
mucosa intestinal seja o primeiro passo para o desencadeamento da resposta
inflamatoria. As fibras alimentares apresentam fung@o sobre a modulacdo da microbiota,
sendo utilizada como substrato para a formagZo de acidos graxos de cadeia curta
(AGCC), gerados por meio do processo de fermentagdo. Em adigdo, os compostos
fendlicos presentes nos alimentos apresentam atividade antioxidante e anti-inflamatoria
que podem atuar na modulagdo do processo inflamatério. Sendo assim, o objetivo deste
trabalho foi avaliar a utilizagao de um subproduto da industria de alimentos, a casca do
maracuja, como fonte de fibras e compostos fenolicos, na alimentacdo de ratos com
colite induzida por TNBS e sua influéncia no processo inflamatorio. Ratos Wistar foram
alimentados com dieta AIN-93, sendo substituidos 50% da celulose da dieta padrao
(AIN) por fibras da casca do maracuja (PFF), em dois ensaios biologicos: prevengdo e
tratamento. O dano causado a mucosa foi avaliado macro e microscopicamente, assim
como a expressao de marcadores inflamatorios. Avaliacdo da microbiota e formacao de
AGCC foram realizadas no conteudo cecal. Embora a avaliagdo macroscopica da
mucosa tenha apresentado um escore maior para o grupo PFF no ensaio prevengdo, a
avaliacdo microscopica em ambos os ensaios ndo mostrou diferenca no dano a mucosa
entre os grupos. O ensaio tratamento mostrou diminui¢do da peroxidagdo lipidica do
colon, diminuicdo na contagem de enterobactérias e aerobios totais, assim como
aumento de 4cido acético e butirico nas fezes do grupo PFF. J& no ensaio prevencdo foi
observada modula¢do dos lactobacilos e bifidobactérias. Com relagdo aos marcadores
inflamatorios, foram observadas modulagdes significativas da expressdo de IKKp,
COX-2 ¢ iNOS nos animais alimentados com a dieta PFF. Estes resultados sugerem que
a casca do maracujad Passiflora edulis pode modular a microbiota aumentando a
producdo de AGCC, assim como a expressdo de marcadores inflamatorios observados
na colite induzida por TNBS. Desta forma, a casca do maracuja poderia ser utilizada
como coadjuvante na terapéutica da DII como fonte de fibras e polifenois.

Palavras-chave: Passiflora edulis; colite ulcerativa; microbiota, acidos graxos de
cadeia curta, efeito anti-inflamatorio.
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ABSTRACT

Inflammatory bowel disease (IBD) is a chronic relapsing disease that affects millions of
people worldwide, encompassing Crohn's disease (CD) and ulcerative colitis (UC). UC
is an inflammation specific to the region of the colon and rectum. Current treatments for
these diseases are based on the use of corticosteroids, immunomodulators or biological
therapy, which have various side effects to the patient. The pathogenesis of IBD is
related to genetic, immunological and environmental factors. It is believed that the
microbial imbalance as well as natural break in the barrier exerted by the intestinal
mucosa is the first step in triggering the inflammatory response. Food dietary fiber
presents capacity to modulate the microbiota and improve short chain fatty acids
(SCFA) formation, by fermentation process. In addition, the phenolic compounds
present in the food have antioxidant and anti-inflammatory activities that can modulate
the inflammatory process. Thus, this study aimed to evaluate the use of a byproduct of
the food industry, the passion fruit peel, as a source of fiber and phenolic compounds in
the diet of rats with TNBS-induced colitis and its influence on the inflammatory
process. Wistar rats were fed a modified AIN-93 (50% of cellulose was replaced by
passion fruit peel PFF) to evaluate prevention and treatment of colitis induced by
TNBS. The damage to the mucosa was evaluated macroscopically and microscopically,
as well as the expression of inflammatory markers. Evaluation of the microbiota and
formation of SCFA in cecal contents were performed. The macroscopic appearance of
the mucosa damage in the group PFF was higher than AIN in prevention trial. However,
the microscopic evaluation in both trials showed no difference in mucosal damage
amongst the groups. Treatment trial showed that PFF could promote a decrease in lipid
peroxidation of the colon, decrease in enterobacteria and total aerobics counts, as well
as increase in acetic and butyric acid in the stool. On the other hand, the prevention trial
showed that the ingredient could exert modulation on lactobacilli and bifidobacteria.
The inflammatory markers showed significant modulation, mainly IKKf, COX-2 and
iNOS in animals fed with PFF diet. These results suggest that the passion fruit peel,
Passiflora edulis, can modulate the microbiota, increase the production of SCFA, and
modulate the expression of inflammatory markers observed in TNBS-induced colitis.
Passion fruit peel could be used in the treatment of IBD as a source of fiber and
polyphenols.

Keywords: Passiflora edulis; ulcerative colitis; microbiota, short chain fatty acids, anti-
inflammatory effect.
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INTRODUCAO GERAL

A patogénese da doenca inflamatoria intestinal (DII) esta relacionada a diversos
fatores, entre eles fatores genéticos, ambientais, microbiologicos ¢ imunoléogicos [1-2].
A DII é uma desordem inflamatoria do trato gastrointestinal, a qual é constituida
basicamente por duas patologias, retocolite ulcerativa inespecifica (RCU) e a doenga de
Crohn (DC), sendo a RCU uma caracterizada por uma inflamagdo ndo-transmural
restrita ao colon e a DC uma inflamagao transmural que pode atingir a mucosa de todo o

trato gastrointestinal [3].

A DII se tornou mais evidente no ultimo século, apresentando um aumento nos
casos de RCU, principalmente por influéncia de fatores ambientais associados ao estilo
de vida ocidental, especialmente com relagdo a ingestdo de alimentos e a utilizagao de
antibidticos, os quais estdo envolvidos em alteragdes na microbiota intestinal [4-5]. O
desequilibrio na microbiota intestinal tem sido postulado como o possivel responsavel
pela iniciagdo e progressdo da inflamacdo, especialmente quando o crescimento de

bactérias patogénicas € superior ao das ndo patogénicas [6].

Somado ao processo inflamatorio podemos observar um aumento no estresse
oxidativo e uma diminui¢do na capacidade antioxidante enddgena de pacientes com DII,

principalmente entre pacientes com doenca em atividade [7-8].

Neste sentido, a busca por novas alternativas para a prevengdo e tratamento da
DIl vem sendo realizada nos ultimos anos. Os prebioticos tem demonstrado papel
benéfico na satide gastrointestinal aumentando o teor de biomassa e o conteudo de agua
nas fezes, melhorando assim transito intestinal [9], melhorando a eficacia do sistema
imunologico [10], modulando a microbiota [11] e aumentando a producdo de AGCC
[12-13], a qual se apresenta deficiente na DII [14]. Ja os compostos com atividade
antioxidante podem auxiliar na terapéutica da DII, uma vez que hd uma diminui¢ao na
resposta antioxidante endogena da mucosa intestinal dos pacientes com DII, a qual pode
contribuir tanto para a patogénese quanto para a perpetuagdo do processo inflamatorio

[15].

Desta forma, acredita-se que o consumo de alimentos que favorecam a produgéo
de acidos graxos de cadeia curta, estimule a atividade secretoria das células caliciformes

e diminuam o processo inflamatorio, melhorem o status antioxidante e apresentem
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capacidade imunomoduladora, como ¢ o caso das fibras soluveis e dos compostos

fenolicos, pode ser uma alternativa para a prevengao e controle da DII [2, 16].

A casca do maracuja ¢ um subproduto da industria de alimentos com elevado
potencial tecnologico e funcional. Apresenta em sua composi¢do 81,9% + 1,4 de fibra
dietética total, sendo 62,4% + 0,7 composta por fibras insoliveis ¢ 17,9% + 0,4 por
fibras soltveis [17]. Além disso, a casca do maracuja P.edulis apresenta em sua
composi¢do compostos fenolicos com atividade antioxidante e anti-inflamatoria, como ¢é

o caso da isoorientina (1,230 + 0,008 mg/g casca seca) [18].

A tendéncia das pesquisas em Nutri¢do vem perdendo o enfoque epidemioldgico
e fisiologico classicos. Atualmente ¢ reconhecida a importancia de se compreender o
efeito dos nutrientes e compostos bioativos presentes nos alimentos em concentragdes
moleculares e como estes podem atuar na prevengdo de patologias, principalmente

aquelas diretamente relacionadas a ingestdo alimentar [19].

Nesse sentido, o escopo do presente trabalho foi investigar o efeito do consumo
da farinha da casca do maracuja na prevengao e no tratamento do processo inflamatorio
da colite experimental. A presente tese esta dividida em quatro capitulos, sendo que os

resultados estdo apresentados na forma de artigos cientificos nos capitulos 2, 3 e 4.
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OBJETIVOS

Objetivo Geral

Avaliar a composi¢do centesimal da farinha obtida da casca do maracuja
(Passiflora edulis) e o impacto do seu consumo agudo e cronico, na diminui¢ao do
quadro inflamatorio de ratos com doenca inflamatéria intestinal induzida por acido

2,4,6-trinitrobenzeno sulfonico (TNBS) .

Objetivos Especificos

v’ Caracterizar a farinha da casca do maracujd quanto ao conteudo de fibra
dietética e/ou fracao nao digerivel e capacidade antioxidante,

v' Avaliar o impacto do consumo da casca do maracuja na formagdo de acidos
graxos de cadeia curta no contetido cecal; modulagdo da microbiota intestinal;
na atividade das enzimas antioxidantes; peroxidacdo lipidica e atividade da
enzima mieloperoxidase no tecido colico; na expressdo das citocinas IL-1 3, IL-
6, IL-8, TNF-« e IL-10; na expressdo das enzimas 6xido nitrico induzivel
(INOS) e cicloxigenase-2 (COX-2); ativagdo da via de sinalizacdo do fator de
transcricdo NF-kB; na expressdo dos receptores Toll-like 2 e 4; assim como

avaliar alteragdes na morfologia do tecido célico.
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CAPITULO 1

1. Aspectos gerais da doenca inflamatoria intestinal

Doenga inflamatoria intestinal (DII) ¢ um grupo de desordens inflamatorias
crOnicas que comprometem o trato gastrointestinal, destacando-se a retocolite ulcerativa
(RCU) e a doenga de Crohn (DC) [1]. Diferencas histologicas sdo observadas entre estas
doengas, sendo a RCU caracterizada por uma inflamacdo ndo-transmural, ou seja, se
limitam a mucosa e submucosa, apresentando criptite e abcesso de criptas. Este tipo de
inflamagdo ¢ restrita ao cdlon, comegando no reto, a qual se espalha proximalmente de
maneira continua, frequentemente envolvendo a regido periapendiculares. Os pacientes
geralmente apresentam diarreia com sangue, fezes purulentas ou com muco, podendo
apresentar ambos, assim como cdlicas abdominais durante os movimentos intestinais
[1]. Ja na DC observa-se uma inflamacdo transmural, a qual pode afetar de forma
descontinua qualquer parte do trato gastrointestinal desde boca até o anus, sendo mais
frequentemente afetadas as regides do ileo terminal e perianal. Este tipo de inflamagao ¢é
caracterizada por um espessamento de mucosa, aparecimento de fissuras e granulomas
ndo caseosos; podendo apresentar como complicagdo o surgimento de restrigdes,
abcessos ou fistulas. O quadro clinico desta doenca é caracterizado por diarreia, dor
abdominal, febre, perda de peso, podendo apresentar complicagdes a distdncia como

dores articulares, aftas, lesoes da pele, uveite, calculo renal e biliar [1].

Pacientes com DII apresentam risco aumentado para o desenvolvimento de
cancer colorretal, risco este que pode aumentar quanto maior o tempo de duracdo da
doenga, extensdo anatomica e grau da inflamacdo, presenca de colangite esclerosante

primaria e antecedentes familiares de cancer colorretal [2].

A etiologia da DII é desconhecida, sendo esta uma doenca cronica recidivante,
caracterizada por periodos de exacerbagdo dos sintomas seguidos de intervalos de
remissdo [3]. A DII geralmente se desenvolve a partir da idade adulta jovem [4], no
entanto ha uma propor¢ao significantiva de diagndsticos realizados na infancia [5-6]. De
maneira geral, a incidéncia da DII apresenta-se em dois picos de maior relevancia,
sendo o primeiro momento entre a segunda e terceira década de vida para DC e terceira
e quarta década para RCU: seguido por um segundo momento em idades mais

avancadas (60-70 anos) [4, 7].
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Estas doencas atingem milhdes de pessoas no mundo, comprometendo sua
qualidade de vida e aumentando de forma significativa os gastos privados e publicos

com seu tratamento [4].

As maiores incidéncias de DII sdo observadas no norte da Europa, Reino Unido
e América do Norte, sendo mais expressiva a incidéncia de RCU que DC [4]. Nota-se
um crescente aumento no nimero de casos de pessoas com DII em paises da Asia,
Africa e América Latina que antes apresentavam baixa incidéncia destas doengas,

porém sdo poucos os estudos prospectivos e de base populacional [4, 7-8].

1.1. Epidemiologia e etiologia

A patogénese da DII esta relacionada a diversos fatores, entre eles os genéticos,
ambientais, microbioldgicos e imunologicos [9-10], sendo reconhecida como uma
doenga multifatorial (Figura 1). A DII se tornou mais evidente no ultimo século,
apresentando um aumento nos casos de RCU, principalmente por influéncia de fatores
ambientais associados ao estilo de vida ocidental, especialmente com relagdo a ingestao
de alimentos industrializados ¢ a utilizacdo de antibidticos, os quais estdo envolvidos
em alteragdes na microbiota intestinal [7, 11]. O desequilibrio na microbiota intestinal
tem sido postulado como o possivel responsavel pela iniciacdo e progressdo da
inflamag@o, especialmente quando o crescimento de bactérias patog€nicas é superior ao

das ndo patogénicas [12].
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Fatores
Imunoldgicos e
Microbiologicos

¥

Doenca Inflamatoria
Intestinal

Figura 1. Fatores relacionados a etiologia da doenca inflamatoria intestinal.

A incidéncia de DC nos Estados Unidos da América e Europa ¢ de 50 casos de
para cada 100 mil habitantes, com 12 casos de RCU para cada 100 mil habitantes nos
Estados Unidos. Esta incidéncia pode variar de acordo com a localidade conforme
Tabela 1. Nos paises em desenvolvimento, como o Brasil, as taxas de incidéncia vém

aumentando, porém estes dados epidemiologicos ainda sdo desconhecidos [13].

Observa-se uma diferenca na incidéncia da DII entre os géneros, sendo a DC
mais prevalente no sexo feminino no final da adolescéncia e inicio da idade adulta,
sugerindo que fatores hormonais podem estar correlacionados com a expressdo da
doenga; enquanto que a RCU tende a predominar no sexo masculino [4, 7]. Outro fator
de risco para o desenvolvimento da DII, em especial DC, entre as mulheres é o uso de
contraceptivos orais [14], porém este dado ¢ muito controverso uma vez que ensaios

com diferentes modelos experimentais mostram resultados ambiguos [15].
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Tabela 1. Taxa de incidéncia de retocolite ulcerativa (RCU) e doenga de Chron (DC)
(casos por 100.000 habitantes por ano).

Autor Localizagdo Ano RCU DC
Jacobsen et al. [16]  Dinamarca 1998 - 2002 0,97 0,5
Nerich et al. [17] Franca 2000 - 2003 7,2 8,2
Ngetal. [18] Australia 2001 0,76 0,54
Vendrell et al. [19]  Porto Rico 2005 233 14,9
Mangat et al. [20] Vancouver 2006 5,0 7,9
Wilson et al. [21] Australia 2007 - 2009 11,2 17,4
Tursi et al. [22] Italia 2009 - 2012 6 5
Zhao et al. [23] China 2010 1,45 0,51

Estudos epidemioldgicos mostram que os fatores genéticos apresentam forte
influéncia sobre a patogénese da DII, aumentando de 8 a 10 vezes as chances de seu
desenvolvimento entre parentes. A incidéncia de DII entre judeus Ashkenazi, residentes
ou ndo em Israel, é grande; porém ndo ha concordancia quando se avalia a incidéncia
entre gémeos[4, 24]. Dessa forma, embora possa existir influéncia genética para o
desenvolvimento de DII, estudos epidemiologicos com populagdes migrantes mostram
que aspectos ambientais ¢ do estilo de vida s3o mais relacionados com a incidéncia

destas patologias que fatores genéticos [7].

Dentre os fatores ambientais o tabagismo e a apendicectomia parecem afetar o
risco de desenvolvimento da DII. O tabagismo tem sido associado a uma menor
incidéncia de RCU, possivelmente devido ao papel exercido pela nicotina na modulagio
de citocinas, produ¢do de muco e no fluxo sanguineo na mucosa cdlica [25]; porém nao
ha um consenso em relacdo ao seu real mecanismo de agdo. Ja com relagdo a DC as
observagdes nao sao muito claras, ha relatos de que o tabagismo aumenta sua incidéncia
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[7], por outro lado ha dados de baixa incidéncia de DC em populagdo com elevado
namero de fumantes como na Asia e Africa e elevada incidéncia em populagdes com
namero reduzido de fumantes (Suécia e Canada) [4]. A apendicectomia parece ser uma
intervencao cirtrgica com efeito protetor contra a RCU, mas ndo para a DC, a qual

parece aumentar o risco de desenvolvimento apds o procedimento cirargico [26].

Com relagdo aos habitos alimentares, nota-se que o elevado consumo de
gorduras (acidos graxos poli-insaturados e 4acidos graxos ®-6), assim como carnes, esta
associado ao aumento no risco de desenvolvimento da DII [27-28]. Diferencas
observadas nos habitos alimentares sdo os maiores indicadores de que a dieta ¢ um fator
de risco para o desenvolvimento da DII, principalmente quando observamos diferencas
significativas entre as regides geograficas e o aumento da incidéncia destas doengas em
populagdes migrantes [7]. Por outro lado, o consumo de dietas ricas em frutas, vegetais

e fibras mostram uma diminui¢ao no risco de desenvolvimento de DC ¢ RCU [27].

Alguns eventos do inicio da infidncia tém demonstrado influencia sob o
desenvolvimento da DII. Uma meta-andlise realizada com 17 artigos cientificos sustenta
a hipotese de que o aleitamento materno ¢ um fator protetor que diminui o risco de
desenvolvimento da DII [29], sendo este mais importante com relagdo a DC [7]. Outra
teoria que tem demonstrado forte correlagio com o desenvolvimento da DII é a
“hipotese da higiene”. A baixa exposicao aos patdogenos entéricos na infancia, melhora
na qualidade do saneamento basico e da higiene que podem conduzir tardiamente a uma
resposta imunoloégica inadequada apds exposicdo a novos antigenos [30]. Viver em
zonas rurais (fazenda) e ter uma horta em casa durante a infancia também sdo fatores

que parecem diminuir a incidéncia de DII [31].

Fatores ambientais que resultam em estresse psicologico também podem agravar
a DII devido a alteragdes funcionais e morfologicas na mucosa intestinal [32], as quais
levam ao rompimento da barreira intestinal expondo o individuo a antigenos presentes
no limen e consequentemente aumentando o risco de desenvolvimento da inflamagéo

intestinal [33].
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1.2. Fisiopatologia da doenca inflamatoria intestinal

Depois de muitas investigagdes a respeito, evidéncias suportam que a DIl ¢ um
distarbio multifatorial da homeostase da mucosa, a qual leva a uma hiper-
responsividade do sistema imunolégico inato e adaptativo da mucosa [34]. A primeira
linha de defesa do sistema imunolégico da mucosa ¢ uma barreira epitelial, que ¢é
protegida por uma camada de muco, composta por glicoproteinas (mucina), agua,
eletrolitos, macromoléculas celulares e microrganismos. A mucina intestinal ¢ secretada
pelas células caliciformes, sendo que qualquer alteragdo qualitativa ou quantitativa nesta
barreira protetora pode favorecer o ataque do epitélio, assim como importantes
alteragoOes fisiologicas [35-36]. Faure et al. [36], observaram diminuigdo na expressao
de RNAm de mucina 2, ap6és indugdo de RCU por dextran sulfato de sodio (DSS) em
modelo experimental utilizando ratos da linhagem Sprague-Dawley; demonstrando que
ha menor produgcdo de muco e maior exposi¢do da mucosa a potenciais agentes

agressores na RCU.

A integridade desta barreira protetora exercida pelo epitélio intestinal favorece o
trafego normal de substancias entre a mucosa e o ambiente colico. A barreira fisica do
epitélio intestinal se complementa com um sistema imune inato bem evoluido, o qual
tem a funcdo de defender contra a invasdo de patdégenos, assim como controlar a
resposta inflamatoria inerente a presenca da microbiota comensal [37]. O intestino
apresenta em seu estado normal uma microbiota constituida por mais de 500 espécies de
bactérias, com destaque para a regido do colon. As bactérias comensais sdo responsaveis
pela modulagdo de diversos genes, envolvidos com diversas fungdes intestinais, como
por exemplo, a fortificagdo da barreira mucosa, absor¢do de nutrientes, metabolismo de

xenobidticos € maturacdo intestinal pos-natal [1].

A Figura 2 mostra um esquema da barreira intestinal, a qual ¢ estabelecida por
uma monocamada de células epiteliais colunares polarizadas, que sdo ligadas por
jungdes intercelulares (tight junctions), que mantém a ligagdo das células e a separagéo
do contetido luminal do intestino com o meio intracelular. A analise de bidpsias de
colon sigmdide de pacientes com DC leve revelou que ha uma diminui¢do no nimero
destas jungdes, assim como diminuicdo da sua capacidade estrutural. Citocinas pro-

inflamatorias presentes na DII, dentre outros fatores podem induzir este tipo de defeito
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na barreira intestinal, assim como regular a expressdo g€nica e os processos de

redistribuicao das jungdes intercelulares [38].

Microbiota - o
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Figura 2. Barreira intestinal em estado fisioldgico, com muco, presenca de tigh

Jjunctions entre as cé€lulas intestinais € a microbiota comensal em estado de homeostase.

A figura 3 mostra que a perda desta barreira fisica pode levar a alteragdes na
resposta imune, observada na DII, favorecendo um elevado influxo de substincias
presentes no limen, como por exemplo, bactérias entéricas e antigenos, promovendo

uma sobrecarga do sistema imunologico, induzindo uma resposta inflamatoria [39-40].
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Figura 3. A perda da barreira intestinal, auséncia da camada de muco, distribui¢do
irregular e perda de fungdo das tigh junctions, disbiose sdo algumas das caracteristicas

observadas no processo inflamatorio da doenca inflamatodria intestinal.

O reconhecimento de patéogenos ou de padroes moleculares associados a
patogenos (PAMPs), assim como da microbiota comensal, pelas células epiteliais
intestinais ¢ realizado por meio dos receptores de reconhecimento de padrdes (RRPs),
dentre eles podemos citar os receptores de membrana Toll-like (TLR). E possivel que na
inflamag@o cronica a expressdo dos TLR esteja aumentada, principalmente devido a

presenca de citocinas pro-inflamatérias [41].

O sistema imunologico intestinal utiliza diferentes mecanismos para regular as
altas concentracdes de micro-organismos presentes na microbiota e proteger a superficie
da mucosa contra espécies patogénicas; de forma que quando uma via se apresenta
deficiente, outra atuara de forma a compensar esta deficiéncia [42]. Ainda ndo esta claro
como o sistema imune faz o reconhecimento diferenciado da microbiota comensal das
espécies patogénicas, visto que o reconhecimento dos PAMPs de ambas as espécies
parece ser de igual intensidade. Desta forma, uma das hipoteses levantadas ¢ a de que as
espécies patogénicas causem dano ao tecido por meio de seus produtos da matriz
extracelular, assim como produtos celulares como acidos nucleicos, acido turico e
componentes mitocondriais que sdo liberados e podem ser detectados por meio de

varias RRPs, ativando assim uma resposta inflamatoria. Isso confirma a possibilidade
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de que o bloqueio ou deficiéncia destes receptores que reconhecem estes produtos

celulares pode atenuar a resposta inflamatoria [43].

Dentre as estruturas celulares presentes na mucosa, as células dendriticas e os
macrofagos estdo envolvidos no fendmeno da imunidade inata local, apresentando papel
importante na formacdo da resposta imunologica adaptativa a antigenos intestinais. Na
DII e nos modelos experimentais de colite, observa-se um aumento na populagdo de
células dendriticas e macréfagos fendtipo ativado, com a expressdo aumentada de
receptores microbianos, 0s quais contribuem para a patologia da doenca por meio da

secrecao de citocinas pro-inflamatdrias [44-45].

O actimulo de neutréfilos nas criptas epiteliais e na mucosa intestinal na DII esta
diretamente relacionado aos aspectos clinicos da doenga e a lesdo causada ao epitélio.
Neutrofilos ativados produzem espécies reativas de oxigénio e nitrogénio, assim como
mieloperoxidase na mucosa intestinal, que induzem ao estresse oxidativo e
consequentemente ao dano da mucosa, podendo estes agir como mediadores da quebra

da barreira intestinal na DII [46-47].

Além da presenga de um grande infiltrado celular na DII, podemos observar
também producdo inadequada de anticorpos e disfungdes de células T. Analise do perfil
molecular de citocinas produzidas pelas células T CD4+ da mucosa de pacientes com
DC mostraram aumento na producdo de interferon gamma (IFN-y), caracterizando uma
resposta do tipo Thl; ja quando analisadas células T CD4+ da lamina propria de
pacientes com RCU observa-se um aumento na producdo de IFN-y. H4 ainda um
aumento significativo na producao de interleucina-5 (IL-5) na RCU comparado aos
pacientes com DC e saudaveis, sugerindo que as citocinas do tipo Th2 podem
desempenhar importante papel nesta patologia [48]. Recentemente, novas populagdes de
células T foram descobertas, dentre elas estdo as células T reguladoras (Treg) e as
células Thl7, as quais atuam no controle da resposta imune contra auto-antigenos
impedindo a auto-imunidade e manuten¢do da auto-tolerancia [49]. Desta forma, o
paradigma classico de resposta Th1/Th2 na DII tem sido contestado por varios trabalhos
que sustentam a hipotese de que essas vias podem ndo ser mutuamente excludentes [50-

51].
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Outra observacdo em biopsias da mucosa colica de pacientes com DII é o
aumento de atividade da lipoxigenase e cicloxigenase, metabolitos do acido
araquidonico, e aumento da liberacdo de prostaglandinas e leucotrienos, principalmente
leucotrieno B4 (LTB4) na fase aguda da doenca [52-53]. Os leucotrienos sao
mediadores pro-inflamatorios lipidicos, sendo que o LTB4 apresenta elevada
propriedade de quimiotaxia de neutr6filos, mondcitos e células T efetoras para o local

da inflamacdo (Figura 4)[54].

Sheibanie et al. [55] observaram ainda que altos niveis de prostaglandinas
(PGE2) podem desempenhar papel pro-inflamatorio na DII mudando o perfil de
citocinas na lamina propria, contribuindo para a perpetuacdo da inflamagdo e
agravamento do processo inflamatorio por meio da inducdo preferencial de células
dendritricas e, possivelmente, macroéfago derivados de 1L-23, expansdo de células Th17
autoimunes e sobrevivéncia de organismos patogénicos. Em adicdo, o aumento na
expressio de mRNA de ciclo-oxigenase-2 (COX-2) foi observado em carcinomas
coloretal de humanos comparado a mucosa saudavel, sugerindo que a inibicdo da COX-
2 e seus metabdlitos podem atuar na prevencao do cancer coloretal [54], que tem risco

aumentado de incidéncia entre os pacientes com DII [2].

Somado ao processo inflamatério podemos observar um aumento no estresse
oxidativo e uma diminui¢do na capacidade antioxidante enddgena de pacientes com DII,
principalmente entre pacientes com doenga em atividade [56-57]. Os neutrofilos e os
monocitos sdo os maiores produtores de espécies reativas de oxigénio na mucosa, as
quais tem a capacidade de oxidar &4cidos graxos poli-insaturados da membrana
plasmatica gerando a peroxidagdo lipidica, assim como proteinas, alterando a
funcionalidade das células [58], que podem levar a mutagdes génicas envolvidas na

etiologia do céncer coloretal [59].
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Figura 4. Efeito do metabolismo do acido araquiddnico na doenga inflamatoria

intestinal.

2. Modelos experimentais

Existem varios modelos animais de DII, dentre os quais alguns apresentam o
desenvolvimento espontaneo da doenca e outros de maneira induzida. A utilizagdo
destes modelos experimentais no ramo cientifico tem fornecido informagdes valiosas
sobre a patogénese da resposta inflamatoria da DII, no entanto nenhum deles reproduz

completamente a etiologia e patologia da DII que acomete os humanos [60-61].

Dentre os modelos de desenvolvimento espontaneo da DII estdo os micos
(Saguinus oedipus oedipus), no qual a etiologia € desconhecida [62]; os camundongos

C3H/HeJBir, que apresentam aumento de células B, reatividade das células T aos
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antigenos da microbiota e disfun¢do dos receptores de membrana TLR [63-64] e os
ratos da linhagem SAMPI1/Yit, os quais apresentam senescéncia acelerada, disfungao
das células epiteliais intestinais, assim como aumento da ativacdo de células B e T

efetoras [64-65]. Os animais que desenvolvem

Agentes exdgenos capazes de danificar a mucosa intestinal e produzir resposta
inflamatoria aguda também s3o utilizados em modelos de DII induzida, dentre eles
podemos citar a indu¢do por meio da administragao de agua com dextrano sulfato de
sodio (DSS) 5% [66], enema de 2,4,6-acido trinitrobenzenosulfonico (TNBS) dissolvido
em etanol [67], enema de iodometacina [68], enema de acido acético 4-50% [69], enema

de oxazolina dissolvida em etanol [70].

E por fim, os modelos experimentais geneticamente modificados sdo linhagens
de ratos e camundongos com mutagoes génicas que afetam a secrecdo de citocinas ou

populagdo de células T CD4+ (Tabela 2).

Os modelos de indugdo de colite por TNBS e DSS sdo muito utilizados nas
pesquisas cientificas, devido principalmente a sua simplicidade e reprodutibilidade. O
modelo TNBS consiste, basicamente, na aplicacdo de um enema de agente quimico
dissolvido em etanol 50%, podendo ser administradas diferentes doses dependendo do
animal de laboratorio utilizado (ratos 10 a 30 mg e camundongos 0,5 a 4 mg). O etanol
atua como um agente destruidor da barreira intestinal, permitindo que o TNBS acesse a
lamina prépria do intestino. O processo inflamatdrio induzido por este hapteno se
assemelha muito 8 DC humana, incluindo inflamagdo transmural grave associada com
diarréia, prolapso retal, anorexia e perda de peso. O mecanismo exato de atuacao do
DSS na indugdo da colite ainda ndo estd completamente esclarecido, porém evidéncias
suportam que esse composto exerca efeito toxico nas células epiteliais do intestino
afetando a integridade da barreira mucosa, permitindo a translocagdo bacteriana do
limen, a qual promove infiltragdo de granuldcitos e células imunitarias mononucleares.
As principais manifestacdes clinicas sdo perda de peso animal, diarréia e sangramento

retal [61].
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Tabela 2. Alguns exemplos de modelos experimentais geneticamente modificados para

o desenvolvimento da DII.

Modelo Referéncia
Rato IL-10 knockout [71]
Rato IL-2 knockout [72]
Camundongo IL-10 e TNF knockout [73]
Camundongo transgénico STAT-4 [74]
Rato knockout receptor a células T [75]
Rato transgénico HLA-B27 [76]

3. Tratamento farmacolégico e cirurgico da doenca inflamatéria intestinal

Ainda ndo existe uma cura para a DI, o tratamento inclui medidas
conservadoras, assim como abordagem cirurgica. Alguns farmacos e suplementos
podem ser utilizados na terapéutica com o objetivo de manutengdo dos periodos de
remissdo, melhora na qualidade de vida e estado nutricional, assim como o
fornecimento de suporte psicoldgico pela forte influéncia d fatores psicossomaticos sob
a DII [77]. A escolha pelo tratamento aplicado a cada paciente dependera basicamente

do tipo de DII, grau de severidade da doenca e localizacdo no caso da DC.

Na RCU leve geralmente utiliza-se a sulfassalazina oral isoladamente ou em
combinacdo com medicamentos topicos (enema e/ou supositorio de mesalamina,
corticoides), podendo ser utilizados outros farmacos (mesalamina, olsalazina, e
balsalazide) em pacientes que apresentam muitos efeitos adversos devido ao uso da
sulfassalazina [60, 78]. Pacientes com RCU que apresentam sintomas de estagio
moderado ou grave da doenga podem necessitar de internagdo hospitalar para
acompanhamento clinico rigoroso e administracdo intravenosa de medicamentos,
reposicao hidrica e nutricional [60]. A azatioprina e 6-mercaptopurina também sdo
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utilizadas na terapéutica da DII, devido ao seu efeito poupador de esteroides, ja que
aproximadamente 50% dos pacientes sofrem de efeitos adversos de corticosteroides [60,
78]. Em casos em que o paciente ndo responde a terapéutica, ou apresente megacolon

toxico, perfuracao e sangramento retal descontrolado, recomenda-se a colectomia [79].

No caso da DC, o uso de corticosterdides ¢ eficaz na diminui¢do da atividade e
inducdo remissdo da doenga para a maioria dos pacientes; no entanto apresenta diversos
efeitos secundarios indesejaveis nao sendo recomendado seu uso por longos periodos. A
sulfassalazina ¢ a mesalazina sdo utilizadas em casos leves e moderados da doenga,
favorecendo a remissdo induzida pelos corticosterdides. Para pacientes com
dependéncia de esteroides, acometimento de extensas areas do intestino delgado,
historico de ressecgdo anterior e doengas gastroduodenais recomenda-se o uso de 6-

mercaptopurina e azatioprina [60].

Nos ultimos anos, tem crescido as pesquisas com a terapia biologica anti-TNF-a
(infliximabe e adalimumabe), a qual tem melhorado significativamente o tratamento da
DII refrataria aos tratamentos convencionais [80-81]. O fator de necrose tumoral alfa

(TNF-a) ¢ um mediador crucial da resposta imune anormal da DII.

3.1. Tratamento alternativo da doenca inflamatoéria intestinal

Com base no exposto acima e considerando que os fAirmacos disponiveis para o
tratamento da DII causam diversos efeitos colaterais, sem contar que alguns apresentam
elevado custo pelo uso continuo, a busca por novas alternativas para a prevengdo e
tratamento da DII tem sido considerada por varios cientistas. Neste sentido, novos
compostos que apresentem atividade na modulag@o da inflamagao tém sido investigados

para a prevencdo e tratamento da DIIL.

Sabendo da relagdo entre a microbiota e o desenvolvimento da DII, o uso de
probidticos na modulagdo do processo inflamatério tem sido utilizado uma vez que
podem suprimir o crescimento ou a aderéncia de micro-organismos patogénicos na
mucosa [82], aumentar a producdo de AGCC [83], promover a secrecdo de

bacteriocinas [84], apresentar atividade antimicrobiana [85], diminuir a permeabilidade
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da mucosa [86], estimular a produgdo de mucina [87] e exercer atividade

imunomoduladora [85, 88].

Existem varios estudos que demonstram que os prebidticos apresentam papel
benéfico na satde gastrointestinal, podendo desta forma ser utilizados na prevencao e
tratamento da DII (Figura 5). Dentre estes efeitos podemos citar o aumento do teor de
biomassa e o conteudo de agua nas fezes, melhorando o transito intestinal [89], melhora
da eficacia do sistema imunologico [90], modula¢ao da microbiota [91] e aumento da
producdo de AGCC [92-93], que se apresenta deficiente na DII [94]. O aumento da
producdo de AGCC, em especial o acido butirico, ¢ algo que vem sendo estudo ao longo
dos anos, pois este AGCC ¢ considerado principal substrato energético para os
colonodcitos [95], atua na proliferagdo e diferenciagdo celular [96-97], modula a barreira
intestinal por meio da restituicdo das tigh junctions [98], além de apresentar ag¢do anti-

carcinogénica [99-100] e imunomoduladora [101-102].

O NF-xB ¢, ainda, via central pra a regulacdo da expressao dos genes que
codificam a via da enzima Oxido nitrico sintase induzivel (iNOS) [93, 103]. A
inflamagao intestinal esta associada a um aumento na producao de 6xido nitrico (NO), o
qual esta relacionado com o estresse oxidativo e sinalizagdo da apoptose celular, tendo
sido observado resultados em modelos experimentais € em humanos [10, 92, 104-106].
Reguladores da expressao da iNOS seriam uma alternativa para a reducao dos niveis de
NO em pacientes com DII. Os AGCC podem atuar como reguladores da expressdo da

iNOS, uma vez que estes inibem a ativa¢do do NF-xB [107].

Embora muitos efeitos benéficos tenham sido relatados com relagdo aos AGCC,
especialmente o butirato, vale ressaltar que ndo é apenas o fornecimento deste por meio
de enemas ou pela fermentagdo das fibras dietéticas que garantira tais efeitos. Deve-se
atentar a sua absor¢do e posterior utilizacdo celular, que ira desencadear os efeitos
desejados. O efeito inibitorio da ativagdo do NF-xB, pelo butirato, apresenta-se
reduzido quando sua absorcdo pelas células epiteliais do colon através dos receptores de
membrana MCP-1 (proteina quimiotatica de mondcitos-1) encontra-se diminuida, e
portanto seus efeitos regulatorios envolvidos com os processos de proliferagéo,

diferenciacdo, apoptose e inflamagdo [108-110]. Uma menor expressio do RNAm
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MCP-1, pode estar relacionada com a presenga de citocinas pro-inflamatorias, de

maneira dose-dependente [111].

Estudos realizados com polissacarideos soltveis de diversas fontes alimentares
tem demonstrado efeito benéfico sobre o processo inflamatorio, por meio da diminuigéo
da expressdao do NF-«B, TNF-a, na infiltragdo de neutrofilos e na formagao de espécies
reativas de oxigénio [93, 112-115]. Desta forma, acredita-se que o consumo de
alimentos que favorecam a producdo de acidos graxos de cadeia curta, estimule a
atividade secretoria das células caliciformes ¢ diminua o processo inflamatorio, como €
o caso das fibras soliiveis, podem ser uma alternativa para a prevencao e controle das

DII.

Ha ainda um crescente interesse na aplicagdo de compostos com atividade
antioxidante na DII, uma vez que hd uma diminuigdo na resposta antioxidante endogena
da mucosa intestinal de pacientes com DII, a qual pode contribuir tanto para a
patogénese quanto para a perpetuacdo do processo inflamatdrio [116]. Desta forma, a
busca por novos produtos com atividade antioxidante, anti-inflamatoria e
imunomoduladora poderia representar uma opgdo eficaz na prevencdo e no tratamento

da DII.
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Figura 5. Efeito do consumo de prebiodticos na formagdo dos acidos graxos de cadeia

curta e sua a¢ao na doenca inflamatoria intestinal.

Albuquerque et al. [117], demonstraram, em ratos com colite, que a
suplementacdo com farinha de couve e mamaio papaia, suplemento fonte de
carotenoides, fibras soluveis e insoliveis, proporcionou redugdo na extensdo da lesao,
assim como significativa diminui¢do na expressao da iNOS, e na producdo de TNF-a e
IL-1B. Esse tratamento favorece ainda, o restabelecimento da razdo entre os
Lactobacillus/Bifidobacterium e bactérias patogénicas, que pode estar relacionada com

a diminui¢do na produgdo de TNF-a e menor expressiao da iNOS.

Varilek et al. [118] observaram que a ingestdo oral de polifendis do cha verde
diminuiu a atividade da doenca e a produgdo de INF-y e TNF-a em camundongos IL-2""
, demonstrando os efeitos dos compostos bioativos presentes no cha verde no modelo

experimental de desenvolvimento espontidneo da DII. Diminuigdo do estresse oxidativo
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e da inflamagdo foram também observados por Denis et al. [119] utilizando polifendis

extraidos da casca da mag¢a em testes in vitro, utilizando células Caco-2/15.

Outro polifenol, o acido elagico (10-20 mg/kg), encontrado em diversas frutas
como roma e framboesas, promoveu diminui¢cdo da severidade e extensdo das lesdes
intestinais, diminui¢do do infiltrado celular, aumento da producdo de muco, além de
efeito protetor por meio da inibi¢do das vias de sinalizacdo proteina quinase ativada por

mitégeno (MAPK) e NFkB em modelo de DII induzida por TNBS [120].

Polifendis, como o flavondide quercetina [121], kaempferol [122], genisteina
[123], naringenina [124], dentre outros, demonstraram efeito no restabelecimento da

barreira intestinal, por meio do aumento da expressao de proteinas de tight junctions.

4. Maracuja

Maracuja é um nome popular dado a varias espécies do gé€nero Passiflora, sendo
este 0 maior e mais importante da familia Passifloraceae. Sdo 500 espécies distribuidas
por regides de clima tropical e subtropical do globo, sendo o Brasil seu maior produtor
com mais de 79 espécies [125-126], com uma producdo anual de 923 mil toneladas de
frutos, com destaque para as regides produtoras nordeste ¢ sudeste [127]. O maracuja
Passiflora edulis conhecido como maracuja azedo ou amarelo ¢ o mais produzido e
comercializado [126, 128], representando a espécie, presente em 95% dos pomares

[129] (Figura 6).

Figura 6. Plantacdo de maracujas Passiflora edulis em Torre de Pedra/SP.
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O maracujazeiro apresenta frutos amarelos com formato arredondado, ovalado
ou ovoide, sendo aproximadamente um terco de seu peso constituido por suco e o
restante composto por casca, albedo e sementes. O cultivo do maracuja esta basicamente
voltado para a induastria de sucos e polpas [126], destacando entre suas diversas
propriedades, a atividade ansiolitica [130-131] e anti-inflamatéria [132] de suas folhas,
devido principalmente a presenca de compostos fenolicos (lucenina-2, vicenina-2,

isoorientina, isovitexina e luteolina) [131].

Porém ndo somente as folhas como também subprodutos do fruto como casca e
semente, embora pouco estudados, apresentam caracteristicas de interesse tecnoldgico e
biologico [133]. Mais de 75% deste residuo pode ser transformado em ingrediente com
propriedades bioativas para promocao de saude, baseado na extracdo de compostos
fendlicos [134]. Além disso, nos ultimos anos a conscientizagdo com relacdo a
conservagdo ambiental e acdes que envolvam o combate a pobreza e a miséria tem
crescido em todo o mundo, assim como no Brasil. Desta forma, buscar solugdes para
diminuir o desperdicio de alimentos e o aproveitamento de residuos agroindustriais é

uma alternativa para a preservagdo do meio ambiente, assim como colaborar na solugdo

de algumas questdes econdmicas e sociais.

A avaliagdo de sementes desengorduradas de maracuja P. edulis roxo mostra que
este subproduto pode ser fonte de compostos bioativos com capacidade antioxidante e
protoprotetora devido a presenca de quercetina e acido rosmarinico, ingredientes
potencialmente uteis na industria de cosméticos [135]. O consumo por 30 dias de dieta
hipercolesterolémica contendo a fragdo insolivel das fibras presentes nas sementes de
maracuja foi eficaz na redugdo dos niveis séricos de triglicerideos e colesterol total de
hamsters, além de aumentar a excrecdo de lipideos e acidos biliares [136]; sugerindo

que as mesmas poderiam ser utilizadas na prevencao ou tratamento de dislipidemias.

A casca do maracuja ¢ composta pelo flavedo que corresponde a camada externa
de coloragdo verde a amarelo rico em fibras insoliiveis e o albedo, que corresponde a
camada interna branca, que € rica em fibra solivel, em especial a pectina, com pequenas
quantidades de mucilagens [137]. A casca do maracuja amarelo apresenta 81,9 + 1,4%
de fibra dietética total, 62,4 + 0,7% composta por fibras insoluveis e 17,9 = 0,4% por

fibras soluveis [138]. A administracao da pectina da casca do maracuja P. edulis (0,1-
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100 ng / mL), em modelo experimental de edema de pata induzido por carragenina,
diminuiu volume do edema, a liberagdo de mieloperoxidase (MPO), a infiltracdo de

neutrofilos e a expressdo de TNF-a ¢ iNOS [139].

Além disso, a casca do maracuja P.edulis apresenta compostos fenolicos com
atividade antioxidante e anti-inflamatoria, como ¢é o caso da isoorientina (1,230 £+ 0,008
mg/g casca seca) [140]. A este flavonoide tem sido atribuido potencial de modulagdo da
inflamacdo, por meio da eliminacdo de espécies reativas de oxigénio (ROS), produzidas
por neutrofilos estimulados com PMA (forbol-12-miristato-13-acetato), assim como
pela inibi¢do da atividade da MPO. Extrato preparado a partir da casca de P. edulis na
concentracdo de 0,1 mg/mL foi capaz de inibir em 50% a atividade de MPO de equino

[141].

O interesse pela extracdo de biopolimeros com atividade biologica da casca do
maracuja vem crescendo. Tommonaro et al. [142] realizaram a extragdo de
polissacarideos da casca de P. liguralis e avaliaram sua atividade anticitotdxica frente
ao avarol, um sesquiterpeno muito toxico, em camardo de agua salgada (Artemia
salina), demonstrando resultados similares aos de ensaios in vitro com culturas de
células cancerosas. Os autores observaram que a adigdo de 500 ppm deste biopolimero
xiloglucano aumentava a concentragdo letal (LCso) do avarol de 0,18 para 2,1268

pg/mL, conferindo ao mesmo capacidade bioldgica protetora e bioativa.

A administracdo de dose unica de extrato metanolico da casca de P. edulis em
ratos espontancamente hipertensos (SHR), nas concentragdes de 10 ¢ 50 mg/kg, foi
efetiva na reducdo da pressdo arterial [143]. Os autores deste estudo correlacionam o
efeito observado a presenca de compostos fenolicos no extrato (20 pg/g luteolina e 41
ug/g de luteolina-6-C-glucosideo), assim como elevadas concentragdes de acido gama-
aminobutirico (2,4 mg/g de GABA). O efeito hipotensivo do extrato da casca do
maracuja também foi observado por Lewis et al. [144] em ratos espontaneamente
hipertensos na dose de 2,5 a 50 mg/Kg de peso corpéreo, com diminuigdo na pressdo
sanguinea e frequéncia cardiaca. A avaliacdo da atividade hipotensora de fracdes
isoladas de acido edulilico e antocianinas, presentes no extrato mostraram que estes

compostos tiveram acdo efetiva na modulagdo da pressao arterial dos animais.
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O consumo da casca de maracuja na forma de farinha também tem demonstrado
efeitos fisiologicos interessantes. A obtencdo da farinha da casca do maracuja segue
basicamente os passos descritos na Figura 7. Pacientes com diabetes mellitus tipo 2 com
57 a 73 anos, de ambos os sexos, apresentaram diminui¢do significativa na glicemia de
jejum, redug¢do na hemoglobina glicada, aumento no indice HOMA beta (avalia o
funcionamento das células beta pancreaticas) e diminui¢do no HOMA IR (indice de
insulino-resisténcia) apos 60 dias de consumo didrio de 30 g de farinha da casca de P.
edulis [145]. O consumo de 30 gramas de farinha da casca do maracuja por 60 dias
reduziu colesterol total e fragdo LDL-colesterol de mulheres hipercolesterolémicas (30 a
60 anos) [146]. Redugdes significativas na glicose, colesterol e triglicerideos séricos
foram também observadas em ensaio realizado com ratos Wistar, apds administragdo
diaria (2 mL), por 30 dias de extrato aquoso preparado com a casca do maracuja (20g de
casca em 500 mL de agua) [147]. Estes resultados demonstram que a casca do maracuja

poderia ser utilizada como tratamento coadjuvante no controle glicémico e lipidico.

Figura 7. Fases do processamento para obten¢do da farinha da casca do maracuja
Passiflora edulis. A. Cascas in natura apds separagdo da polpa; B. Cascas apos secagem
em estufa com circulacdo de ar 50°C até obtengdo de um material com teor de umidade

igual ou inferior a 10%; C. Farinha obtida da moagem das cascas secas.

O consumo de fibras dietéticas, principalmente a fragdo solivel, em estudos
realizados com humanos e animais tem revelado efeito positivo na normaliza¢do do
transito intestinal ¢ modulagdo da expressdo de citocinas pro-inflamatorias, levando a
uma melhora no quadro inflamatorio [92-93, 148-152]; assim como aumento da
atividade secretoria das células caliciformes, por meio da acao de produtos gerados pela

sua degradac¢@o bacteriana [35, 153-154].
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No entanto, ainda sdo escassos os dados da literatura cientifica que comprovem a
efetividade do uso destes subprodutos da induastria de alimentos na prevencdo e
promocao de satide. Desta maneira, poderiam ser realizados novos estudos para elucidar
os reais efeitos do consumo, assim como a via metabdlica utilizada por estes compostos

bioativos presentes nestes subprodutos.
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Resumo

O objetivo do estudo foi avaliar a composicao centesimal da farinha obtida da casca do
maracuja e sua atividade antioxidante in vitro, buscando viabilizar suas potencialidades
para incorporagdo em produtos alimentares. Os frutos foram higienizados, as cascas
foram separadas da polpa, secas em estufa com circulacdo de ar e moidas para obtengéo
de uma farinha. Foi determinada a composi¢do centesimal e os polifenois presentes na
casca foram extraidos por trés metodologias, tendo sido quantificados o teor de fenois
totais e a atividade antioxidante por trés métodos distintos (sequestro do radical 2,2-
difenil-1-picrilhidrazil - DPPH, capacidade antioxidante de redugdo do ferro - FRAP ¢
capacidade de absor¢dao do radical oxigénio - ORAC). Os resultados mostram que a
farinha apresenta elevado teor de fibras (65,22 = 0,27%), das quais 74% sao fibras
insoluveis. Embora os resultados do teor de polifendis indique que possivelmente ha um
predominio de compostos com caracteristicas hidrofilicas na casca, visto que a agua foi
o solvente que apresentou maior rendimento na extracdo dos fenodis totais; a avaliagdo
da atividade antioxidante dos extratos mostra que o poder antioxidante dos compostos
lipofilicos presentes no extrato metandlico/acetona foram superiores ao dos compostos
presentes no extrato aquoso e etanolico. Os resultados obtidos no presente estudo
demonstram que a casca do maracuja poderia ser utilizada como fonte de fibras e
antioxidantes; no entanto, sua incorporagdo em formulag¢des alimentares deve atentar as
suas caracteristicas fisicas, quimicas e sensoriais, para garantir seu melhor

aproveitamento e aceitagdo entre os consumidores.

Termos de indexacio: Passiflora edulis, casca do maracujd, fibra dietética, compostos

fenodlicos, atividade antioxidante.
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Abstract

The aim of the study was to evaluate the chemical composition of flour obtained from
the peel of passion fruit and their antioxidant activity in vitro. The fruits were cleaned,
the peels were separated from pulp, dried in an oven with circulating air and ground to
obtain the flour. The centesimal composition was determined and the polyphenols
present in the peel were extracted by three methodologies. Total phenolic content and
antioxidant activity were determined using three different methods (scavenging of 2,2-
diphenyl-1-picrylhydrazyl - DPPH free radical, Ferric Reducing Antioxidant Power -
FRAP e Oxigen Radical Absorbance Capacity - ORAC). The results show that the flour
has high fiber content (65.22 + 0.27 %) and 74% of which correspond to insoluble
fraction. Although the results of total polyphenol indicate that there is a predominance
of compounds with hydrophilic characteristics in the peel, the evaluation of the
antioxidant activity of the extracts showed that the antioxidant power of lipophilic
compounds present in the methanol / acetone extract was superior to the compounds
present in the aqueous and ethanol extracts. The results of this study demonstrate that
the passion fruit peel could be used as a source of fiber and antioxidants, however , its
incorporation into food formulations must address their physical, chemical and sensory,

to ensure their best use and acceptance among consumers.

Indexing terms: Passiflora edulis, passion fruit peel, dietary fiber, phenolic

compounds, antioxidant activity.
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Introducao:

Maracuja ¢ um nome popular dado a varias espécies do género Passiflora, do qual
ha 500 espécies distribuidas por regides de clima tropical e subtropical do globo, sendo o
Brasil seu maior produtor com mais de 79 espécies (ZERAIK, M.L. et al., 2010). Sua
producdo anual equivale a 923 mil toneladas, com destaque para as regides produtoras
nordeste e sudeste (IBGE, 2012). O maracuja Passiflora edulis conhecido como maracuja
azedo ou amarelo ¢ o mais produzido e comercializado (ZERAIK, M. L. et al., 2010),
representando 95% dos pomares (MELETTI & BRUKNER, 2001). Seu cultivo esta
basicamente voltado para a industria de sucos e polpas, em especial devido ao seu sabor
mais acido e maior rendimento (ZERAIK, M. L. et al, 2010); além de apresentar em sua
composi¢do elevado teor de carotendides (15,36 a 27,14mg/g) (SILVA &

MERCADANTE, 2002).

Casca e semente do maracuja, subprodutos da industria de alimentos, podem
apresentar caracteristicas de interesse tecnologico e biologico (MARTINEZ et al., 2012),
sendo que mais de 75% deste residuo poderia ser transformado em ingrediente com

propriedades bioativas para promog¢ao de saude (ARVANITOYANNIS, 2008).

A casca do maracuja ¢ composta pelo flavedo que corresponde a camada externa de
coloragdo verde a amarelo rico em fibras insoltveis e o albedo, que corresponde a camada
interna branca, que ¢ rica em fibra soluvel, em especial a pectina, com pequenas
quantidades de mucilagens (JANEBRO et al., 2008). Além disso, a casca do maracuja

P.edulis apresenta em sua composi¢do compostos fenolicos com atividade antioxidante e
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anti-inflamatéria, como ¢ o caso da isoorientina (1,230 £+ 0,008mg/g casca seca) (ZERAIK

etal.,2012).

Assim, o presente estudo teve como objetivo avaliar a composi¢do centesimal e a
atividade antioxidante in vitro da farinha obtida da casca do maracuja, um subproduto da

industria de alimentos.

Métodos

Foram utilizadas amostras de maracuja (Passiflora edulis), colhidas em junho de 2010,
provenientes de um produtor de cultivo organico em Torre de Pedra/SP. Os frutos foram
lavados, a polpa foi separada da casca que foi seca em estufa com circulagdo de ar 50 °C
(Marconi, Piracicaba/SP - Brasil) até obtencdo de teor de umidade igual ou inferior a 10%.
As cascas foram moidas em moinho de martelos (20 mesh) até obtencdo da farinha (FCM),

que foi estocada em frasco ambar em temperatura ambiente até o momento das analises (24

°C).

A atividade de agua (ay) da farinha foi avaliada em equipamento AquaLab (Pullman,
WA, USA) a 24,7 °C e a composicao centesimal foi determinada quanto ao teor de
umidade, cinzas e proteinas (AOAC, 2006), lipideos (BLIGH & DYER, 1959). O conteudo
de fibra dietética total e fragdo insolivel foram determinados por método gravimétrico
(PROSKY et al, 1988) e a fracdo soluvel calculada a partir da diferenca entre fibra

dietética total e fracdo insoluvel.
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O teor de polifendis e a avaliagdo da atividade antioxidante da casca foram
determinados em trés extratos distintos: aquoso, metandlico + acetona e etandlico. Para o
preparo do extrato aquoso foi pesado 1 g da FCM e adicionados 25 mL de 4dgua fervente.
Apds 35 minutos o extrato foi filtrado a vacuo e estocado sob refrigeracdo (2 to 8 °C)

protegido da luz até momento da analise.

O preparo do extrato metandlico + acetona baseou-se na metodologia descrita por
Larrauri, Ruperez and SauraCalixto (LARRAURI et al., 1997) e o extrato etandlico foi

preparado baseado na metodologia descrita por (SPAGOLLA et al., 2009).

O conteudo total de fenolicos foi determinado de acordo com a metodologia de Folin-
Ciocalteu (SWAIN & HILLIS, 1959). A presenca dos compostos fenolicos vitexina,
isovitexina, iso-orientina e apigenina foi investigada por meio de andlise cromatografica
com um sistema de cromatografia liquida acoplada a um detector de fotodiodo (Agilent
Technologies 1200 series — Englewood, CO, USA). As condigdes cromatograficas
utilizadas estdo descritas em um estudo prévio realizado com as folhas de P. edulis (DA

SILVA et al., 2013).

A capacidade antioxidante dos extratos foi testada pelas técnicas de DPPH (BRACA et

al.,2001), FRAP (BENZIE & STRAIN, 1999) e ORAC Hidrofilico (PRIOR et al., 2003).

Para as andlises estatisticas foi utilizado o software GraphPad Prism 5.0 (GraphPad
Software, Inc. La Jolla, CA, USA) e todos os resultados foram expressos em média + erro
padrio da média (SEM). As determinagdes foram efetuadas em triplicata e os dados
submetidos a analise de varidancia ANOVA e as médias comparadas pelo teste de Tukey ao

nivel de significancia de 5%.
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Resultados e discussao

A farinha obtida da moagem da casca do maracuja (P. edulis) apresentou baixo teor
de umidade e de a,, (Tabela 1), a qual promove protecdo a farinha contra alteragdes
microbiologicas, visto que o crescimento bacteriano se da em ay entre 0,6 ¢ 0,9 (LABUZA

& ALTUNAKAR, 2008).

Tabela 1: Composicao centesimal da farinha da casca do maracuja (g/100g, base seca).

Componente Média + DP
Atividade de dgua (aw) 0,43 + 0,02

Umidade 9,48 +£0,26

Cinzas 6,88 + 0,02

Proteinas 3,94+0,18

Lipideos 0,31 £ 0,01

Fibra dietética total 65,22 +£0,27
Fibra insoluvel 48,12+ 1,10
Fibra soluvel 17,11 £ 1,36
Carboidratos* 79,39

* Valor obtido por meio da diferenca entre a soma dos macronutrientes subtraido de 100%.

O teor de fibra alimentar total (FDT) (Tabela 1) encontrado na FCM foi 1,25 vezes
menor que a anteriormente descrita, no entanto, a relacdo fibra insoluvel e solavel
encontrada na FCM se manteve similar (YAPO & KOFFI, 2008), o que se encontra de

acordo com o esperado para a obtencdo de efeitos fisioldgicos benéficos (70:30)
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(SCHNEEMAN, 1987). O conteudo de FDT supera os resultados encontrados em outros
subprodutos da industria de alimentos, como cascas de manga (51,2 + 1,1%) (AJILA et al.,
2010), goiaba (48,55 + 2,16%) (JIMENEZ-ESCRIG et al., 2001), laranja (57%) (CHAU &
HUANG, 2003), banana (50,3 = 0,2%) (WACHIRASIRI ef al., 2009). Em geral, as cascas
utilizadas como fonte de fibras apresentam em sua composi¢do maior concentragdo de
fibras insoluveis, que garantem aos vegetais, dentre outras fungdes, a manuten¢do de sua
morfologia. O consumo humano das fibras dietéticas promovem diversos efeitos
fisiologicos benéficos, dentre os quais podemos citar formagao de acidos graxos de cadeia
curta, os quais apresentam atividade anti-carcinogénica (TANG et al., 2011); promogao do
aumento do volume e da viscosidade fecal e diminui¢cao do tempo de contato de substancias
potencialmente carcinogénicas com a mucosa (VUKSAN ef al., 2008); além de aumentar o

status antioxidante (GONI & SERRANO, 2005).

Estudos tém demonstrado que o consumo da casca do maracuja pode ajudar no
tratamento coadjuvante do controle glicémico, com diminuigdo significativa na glicemia de
jejum, hemoglobina glicada, indice HOMA IR e aumento no indice HOMA (QUEIROZ et
al., 2012); assim como no controle lipémico, promovendo reducdo do colesterol total e
fragdo LDL (RAMOS et al.,, 2007). Além disso, estudo com modelo experimental
demonstrou efeito anti-inflamatorio, com diminuicao do volume do edema, liberagao de
mieloperoxidase, infiltracdo de neutrofilos e da expressdo de TNF-a e iNOS (SILVA et al.,

2011).

59



CAPITULO 2

Tabela 2: Avaliacdo da atividade antioxidante e do teor de compostos fendlicos totais da

farinha obtida da casca do maracuja Passiflora edulis.

Extratos
Componente
Aquoso Metandlico/Acetona Etandlico

Fendis totais™* 2,53 £0,03a 2,30+ 0,01b 2,06 + 0,08¢
DPPH (%) 46,35 £ 0,85a 32,5+2,52b 29,6 + 0,66¢
FRAP** 36,56 + 0,99b 38,65+ 1,55a 34,95 +£2,02b
ORAC 40,83 £ 1,75b 68,58 + 0,06a 63,48 £ 0,03a
Hidrofilico**

*(mg equivalentes de acido galico EAG/g de amostra); **(umol Trolox equivalentes TE/g

de amostra). Letras diferentes na mesma linha representam diferenca estatistica (P<0,05).

O contetdo de polifendis totais na FCM (Tabela 2) foi semelhante ao encontrado
em outras cascas de frutas (tangor, limdo, kumquat, calamondin, pamplemousses e
bergamota de 1882 + 65 a 7667 = 57ug/g) (RAMFUL et al., 2010). Em geral, o teor de
polifendis neste tipo de subproduto mostra-se superior ao encontrado na por¢do comestivel
ou polpa dos frutos (TEHRANIFAR ef al., 2011), possivelmente porque os polifendis sao
metabolitos secundarios dos vegetais, os quais estdo geralmente envolvidos na defesa
contra a radiagdo ultravioleta ou a agressdo por agentes patogénicos. Aos compostos
fenolicos encontrados na casca do maracuja tém sido atribuidos efeitos anti-inflamatorio
(ZERAIK et al., 2011; ZERAIK et al., 2012) e anti-hipertensivo (LEWIS et al., 2013). Os

compostos fendlicos vitexina, isovitexina, isoorientina € apigenina previamente
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encontrados na casca do maracujd de distintas espécies (ZERAIK et al, 2012;
SIMIRGIOTIS et al., 2013), ndo foram identificados na analise cromatografica dos extratos
utilizados no presente. Existem varios fatores que podem ter contribuido para a nao
identificagdo dos mesmos nos extratos, dentre elas podemos citar a baixa concentragao de

casca na preparacao dos extratos e ineficiéncia dos solventes na extracao destes compostos.

A avaliagdo da atividade antioxidante (Tabela 2) avaliada pelo método DPPH,
mostrou maior atividade antioxidante no extrato aquoso em comparagdo com o0s extratos
metanodlico / acetona e etandlico. Quando avaliado pela técnica FRAP o extrato metandlico
/ acetona apresentou maior atividade antioxidante que os extratos etanolico e aquoso, além
disso, a capacidade antioxidante de reducao do ferro da FCM foi superior ao encontrada em
algumas frutas colombianas (CONTRERAS-CALDERON et al., 2011). Os resultados de
ORAC mostraram diferenca estatistica significativa (P <0,0001) entre os extratos
(metandlico / acetona> etandlico> aquoso). Em suma, a dgua foi o melhor solvente na
extracdo dos polifendis, no entanto, apresentou menor atividade antioxidante comparado ao
extrato metanolico / acetona nos ensaios FRAP ¢ ORAC. A utilizacdo de solventes
organicos na extracdo de polifendis vem sendo utilizado hd décadas, porém ha uma
preocupacao com relagdo aos efeitos toxicos e viabilidade de aplicagdo destes extratos na
industria de alimentos e farmacéutica. Desta maneira, os estudos vém ao longo dos anos
tentando identificar solventes (diferentes polaridades) que ndo sejam nocivos e que
assegurem um melhor rendimento na extra¢ao dos polifendis (AGARWAL et al., 2012). A
escolha do solvente utilizado na extra¢do influenciard diretamente o tipo de composto

extraido devido a caracteristica quimica dos polifenois.
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Conclusao

Os resultados obtidos no presente estudo demonstram que a casca do maracuja,
subproduto da industria de sucos e polpas, poderia ser utilizada como fonte de fibras. Sua
incorporagdo na formulacdo de alimentos deve atentar as suas caracteristicas fisicas,
quimicas e sensoriais, para garantir seu melhor aproveitamento e aceitacdo entre os

consumidores.
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Abstract

Inflammatory bowel disease is a chronic relapsing disease that affects millions of people
worldwide; its pathogenesis is influenced by genetic, environmental, microbiological
and immunological factors. The aim of this study was to evaluate the effects of short
and long-term Passiflora edulis peel intake on the antioxidant status, microbiota and
short-chain fatty acids formation in rats with 2.4,6-trinitrobenzenesulphonic acid-
induced colitis using two ‘in vivo’ experiments: chronic (prevention) and acute
(treatment). The colitis damage score was determined using macroscopic and
microscopic analyses. In addition, the antioxidant activity in serum and other tissues
(liver and colon) was evaluated. Bifidobacteria, lactobacilli, aerobic bacteria and
enterobacteria and the amount of short-chain fatty acids (acetic, butyric and propionic
acids) in cecum content were counted. Differences in the colon damage scores were
observed; Passiflora edulis peel intake improved serum antioxidant status. In the
treatment protocol, decreased colon lipid peroxidation, a decreased number of aerobic
bacteria and enterobacteria, and an improvement in acetic and butyric acid levels in the
feces were observed. An improvement in the bifidobacteria and lactobacilli was
observed in the prevention protocol. These results suggested that Passiflora edulis peel
can modulate microbiota and could be used as source of fiber and polyphenols in the
prevention of oxidative stress through the improvement of serum and tissue antioxidant
status.

Keywords: Passiflora edulis peel; ulcerative colitis; antioxidant status; microbiota;

short chain fatty acids.
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Introduction

Inflammatory bowel disease (IBD) is a chronic relapsing disease that encompasses
Crohn’s disease (CD) and ulcerative colitis (UC) and affects millions of people
worldwide. The difference between CD and UC is related to the location and severity of
the mucosa; CD is a transmural inflammation that can affect the entire gastrointestinal
tract, and UC is a non-transmural inflammation restricted to the colon (1). The
pathogenesis of IBD is influenced by genetic, environmental, microbiological and
immunological factors (2-4). An imbalance in the intestinal microbiota has been
postulated to be responsible for the initiation and progression of this inflammation,
especially when the pathogenic bacteria grow faster than non-pathogenic bacteria (5).
The use of probiotics and prebiotics has been shown to have a modulatory effect on
IBD, through direct microbiota modulation and by modulation of their end-products,
such as short-chain fatty acids (6-7). Experiments using orally administration, enema
and in vitro assays have shown that butyric acid has an anti-inflammatory effect by
reducing neutrophil migration and by modulating interleukin production (8-10). Many
inflammatory mediators, including reactive oxygen species (ROS) and cytokines,
contribute to the inflammatory cascade that modulates the immune system in UC (11-
14). In contrast, depletion of glutathione enzyme in chronic inflammation, which can
improve the damage in tissue, has been reported (15-16).

In addition to prebiotics and probiotics, some polyphenolic compounds have shown
anti-inflammatory activity in UC, especially by inhibiting proinflammatory markers
(17-18). Moreover, in the last few years, many studies have used microbiota substrates
that improve the formation of short-chain fatty acids and protect the mucosal tissue

against inflammatory damages (6, 19-22). Passiflora edulis is largely cultivated in
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Brazil and for the production of juices and pulps. However, a great amount of waste is
generated by this industry because half of the fruit is peel, which is a source of pectin
(23) and flavonoids (24). The consumption of Passiflora edulis peel has been shown to
improve insulin sensitivity (25) and blood pressure (26); additionally, its
polysaccharides have antitumor properties in vitro and its flavonoids have antioxidant
activity (24).

Passiflora edulis is a great source of polyphenols, soluble and insoluble fiber, which
could modulate inflammatory markers of ulcerative colitis. Thus, the aim of the present
study was to evaluate the effects of Passiflora edulis peel consumption in experimental

model of rat colitis induced by 2,4,6-trinitrobenzenesulphonic acid (TNBS).

Materials and Methods

Passion fruit flour (PFF)

Organic Passiflora edulis (passion fruit) crops from Torre de Pedra/SP harvested in
June 2010 were used to produce the flour. The fruit was cleaned and separated into pulp
and peel (flavedo + albedo). The peels were cut into small pieces and dried in an oven
with air circulation at 50 °C (Marconi, Piracicaba/SP - Brazil) until they reached a
moisture content of 10% or less. The dried peel was ground into a fine powder using a
hammer mill (20 mesh) and the flour was stored in an amber flask at room temperature

(24 °C).
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Animals and experimental design

This study was carried out in accordance with the ‘Guide for the Care and Use of
Laboratory Animals’ proposed by the Brazilian College of Animal Experimentation
(COBEA). The study was approved by the Animal Research and Ethic Committee of
the University of Campinas (Brazil) (protocol 2257-1/2010).

Male Wistar rats were housed under standard temperature (22 °C + 2), humidity (60
— 70 %), and light-dark cycle (19 — 07 h). Forty eight rats were randomized into two
experiments: the treatment and prevention protocols. In the treatment protocol 24 rats
(77 days old) were divided into control and PFF groups (n=12). They were fed with
control and experimental diet, respectively, for a week. The diets were prepared in
accordance with the American Institute of Nutrition (27) with 50% of the cellulose
substituted with dietary fiber from PFF in the experimental diet. After 7 days, colitis
was induced in 6 animals from each group. The animals were maintained for 7 days;
afterwards they were anesthetized with ketamine and xylazine and sacrificed by
exsanguinations through cardiac puncture. In the prevention protocol, 24 rats (21 days
old) were divided into control and PFF groups (n=12). They were fed with the control
or experimental diets for 84 days, at which point colitis was induced in 6 animals per
group. After 7 days, they were sacrificed as described above. Access to food and drink
was ad libitum and monitored three times a week.

Briefly, colitis induction was carried out using 2,4,6-trinitrobenzenesulphonic acid
(TNBS). The animals were anaesthetized with halothane and given 10 mg of TNBS
dissolved in 0.25 ml of 50% ethanol (v/v) using a Teflon cannula inserted 8 cm through

the anus (28). The same procedure was performed on non-colitic animals, which were
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referred to as saline group, through intracolonical administration of 0.25 ml of

phosphate-buffered saline instead of TNBS.

Blood sampling

Blood samples were obtained by cardiac puncture under anesthesia, collected in tubes
sprayed internally with clot accelerator (SiO,) and centrifuged at 2600 g for 20 min.
Serum was stored at - 80 °C until the analyses were performed. Serum albumin and total
proteins were measured using commercial kits (Laborlab, Guarulhos, Sdo Paulo,
Brazil). Serum was treated with ethanol:ultrapure water (40:20, v/v) and 0.75 mol L™
metaphosphoric acid (29) and these extracts were used to determine the antioxidant
activity of the samples using hydrophilic oxygen radical absorbance capacity (ORAC)
(30) and to measure the ability of the antioxidants to reduce the ferric 2,4,6-tripyridyl-s-
triazine complex [Fe(IIN)-(TPTZ)2]>" (FRAP) (31).

The ferric reducing antioxidant power (FRAP) method was developed by Benzie
and Strain (31). This methodology is based on the capacity to reduce the complex ferric
ion and 2,3,5-triphenyl-1,3,4-triaza-2-azoniacyclopenta-1,4-diene chloride (TPTZ). The
binding of Fe2+ to the ligand creates a very intense blue color. Changes in this color are
monitored by measuring the absorption at 593 nm.

The oxygen radical absorption capacity (ORAC) assay measures the antioxidant
scavenging activity against the peroxyl radical. AAPH (2,2-azobis 2-amidopropane
dihydrochloride) is used to generation of free radical and the loss of fluorescence is

recorded, which indicates the extent of the radical scavenging (32).
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Tissue sampling

The liver and colon were quickly removed, cleaned with physiologic solution (0.9%
NaCl) and weighed. The colon’s length was measured, and the macroscopically visible
damage was evaluated on a 0—10 scale according to previously reported criteria (33).
Afterwards, the specimens were frozen in liquid nitrogen and kept at - 80 °C. Tissue
homogenates were prepared in 50 mmol phosphate buffer (pH 7.4) using a Polytron
homogenizer (MA102/Mini, Marconi, Piracicaba - SP, Brazil), and the supernatant was
kept at - 80 °C until analyses.

Lipid peroxidation was determined in the tissue homogenates based on
Thiobarbituric Acid Reactive Substances (TBARS) assay (34), reduced glutathione
(GSH) activity (35), glutathione reductase (GR) activity (36), glutathione peroxidase
(GPx) activity (37) and superoxide dismutase (SOD) activity (38).

Myeloperoxidase activity (MPO) in the colon tissue homogenates was measured by
the method proposed by Krawist et al.(39); the results were expressed as MPO units per
mg of protein, where 1 unit of MPO activity was defined as the amount able to degrade

1 umol hydrogen peroxide.min™ at 25 °C.

Colonic histology

For the histological analyses, freshly dissected colon samples were washed with
physiologic solution (0.9% NaCl) and cryoconserved in a freezing medium (Jung; Leica
Instruments, Nussloch, Germany). Serial cross-sections (7 m) were prepared using a

cryostat (CM 1850 Cryostat, Leica) and fixed on silanized slides. After staining the
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samples with Haematoxylin-Eosin, the severity of each colitis case was analyzed
(Eclipsi 801 microscope, Nikon) by a pathologist according to the criteria described by

Chinen et al. (40).

pH and cecal microbiota

Fecal samples were collected from the cecum, diluted with deionized water (1mg
mL™") and homogenized to measure the fecal pH using a pH meter (Tecnal model TEC-
5, Piracicaba, SP - Brazil) (41).

The cecal microbiota was evaluated in fecal samples homogenized in peptone water
(100mg mL™) followed by ten-fold serial dilutions in the same medium. Aliquots of 0.1
ml of the appropriate dilution were spread onto the MRS agar media for the
Lactobacillus count and supplemented MRS agar (0.5mg L dicloxacillin, 1g L™ LiCl
and 0.5 g L' L-cysteine hydrochloride) for Bifidobacterium. The cultured plates were
incubated in anaerobic condition at 37°C for 24-48 h. Similarly, 1 mL of each diluted
sample was spread onto a specific count plates Petrifilm (3M®, Sdo Paulo, MN) for
Enterobacteriaceae and total aerobic bacteria. The plates were incubated at 37°C for 24
- 48h. After the incubation, the specific colonies grown on the selective culture media
were counted, and the number of viable microorganism g' feces (CFU g') was
calculated. The mean and standard error were calculated from the log 10 values of the

CFU g
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Cecal short-chain fatty acid content

Short-chain fatty acids (SCFAs) were analyzed by gas chromatography (42) using
Agilent 6890N equipment with a flame ionization detector (FID) and an autosampler
N10149 (Agilent, EUA). A 30 m x 0.25 mm i.d. X 0.25 pm NukolTM capillary column
(Supelco, Bellefonte, PA, US) was used. The chromatographic conditions were as
follows: injector and detector temperatures, 250 °C; injected volume, 1 pL with split
ratio set to 1:10; and carrier gas, hydrogen at 1.0 mL min™'. The column oven was
programmed as follows: the temperature was kept at 100 °C for 0.5 min, then heated at
8 °C min™ until it reached 180°C, held for 1 min, heated 20 °C min™' until it reached 200

°C and then held for 5 min.

Statistical analysis

The statistical analyses were performed using one-way ANOVA followed by a
Tukey multiple comparisons test. All data were expressed as the means + SEM and the
difference was considered to be statistically significant when P < 0.05. Statistical
analyses were carried out using GraphPad Prism 5.0 (GraphPad Software, Inc., La Jolla,

CA, USA) software.

Results and Discussion

The consumption of fruits and vegetables are important to diminish the risk of UC, as
they are rich sources of fibers and antioxidants (43-44). The consumption of Passiflora

edulis peel could improve the intake of fibers and antioxidants and could play a role in
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UC (23-24). Thus, flour (PFF) from P. edulis peel was prepared and incorporated into
the rats’ diet by using it to replace 50% of the standard source of fiber (cellulose). The
effects of PFF intake in a short-term (treatment protocol) and in a long-term (prevention
protocol) were evaluated in a TNBS-induced colitis model.

The symptoms of colitis were observed immediately after the administration of
TNBS when the animals started to show bleeding on the rectum and in the feces. During
the 7 days after colitis induction, all of the animals showed colitis symptoms, such as
bloody feces, diarrhea, weight loss and a decrease on food intake. This decrease in food
intake observed in the colitis groups had an important influence on the body weight loss

(Table 1).
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Table 1. Food intake, body weight changes and serum analyses of rats fed control and

PFF diets in the treatment and prevention protocols.

Control Saline

Control Colitis

PFF Saline

Treatment protocol

PFF Colitis

Food intake daily (g) 24.9+1.02° 13.8+1.16°  22.8+1.46° 14.6+197°
Total weight gain (g) 41.8+2.86° 13.8 + 4.00° 36.5+427° 9.5+1.78
Colon weight/length ratio 0.1+0.00° 0.2 +0.02° 0.1£0.01°  02+0.01°
Serum total protein 52+0.15° 5.5+0.22" 59+021°  55+0.12°
(mg/dL)
Serum albumin (mg/dL) 3.0+ 0.04° 3.4+0.17% 3.4+£0.03  3.1+0.03
Serum FRAP (uM 598.9+32.95°  504.1+35.17" 481.8 + 550.1 +
TE/mL) 12.75°¢ 17.36°
Serum ORAC (uM TE/L)  265.0 + 13.72° 429.0 + 4.76" 438.1 + 3872+
38.55° 23.84°
Prevention protocol
Food intake daily (g) 24.9 £ 0.38° 22.7+0.53" 102+0.20° 10.0+0.31°
Total weight gain (g) 391.7+4.15° 3122+ 14.01°  164.8+8.10° 141.8 +
11.77¢
Colon weight/length ratio 0.1+0.00 0.3 +0.05° 0.1+0.00°  0.2+0.03"
Serum total protein 5.9+0.13* 5.1+0.12" 5.6+0.19" 5.1+0.13¢
Serum albumin 3.7+0.08° 3.0+0.13¢ 57+0.17° 51+0.13°
Serum FRAP (uM 465.5+4938"  496.8+32.67 563.1+ 649.6 +
TE/mL) 66.53" 57.90°
Serum (ORAC (uM 4203 +16.24° 4022 +35.52% 398.1 + 349.6+
TE/L) 22.16® 21.96°

Values are expressed as the mean + SEM (n = 6 rats per group). Different superscript

letters in the same line denote significant differences (p < 0.05) between the groups.

The short-term intake of the PFF diet in the treatment protocol did not promote

changes in food intake and weight gain. However, in the prevention protocol the long-
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term intake of the PFF diet resulted in a decreases in food intake and body weight gain
that could be attributed to the changes in the types of fibers presents in the diet (soluble
and insoluble). In contrast to the control diet, in which cellulose was the only source of
dietary fiber, the PFF diet included cellulose and soluble and insoluble fibers from the
P. edulis peel flour. Thus, this modification of the dietary fiber composition could have
an influence on the satiety, gastric emptying, bowel transit time, and in the digestion
and absorption of fat and carbohydrates, all of which can contribute to decreases in
weight gain (45-47).

Malnutrition occurs very frequently in IBD patients (48), and they often have a
lower level of serum albumin in the acute phase compared to healthy individuals, likely
due to a decrease in serum albumin synthesis, an increase in transcapillary losses and
degradation (49). Therefore, evaluating serum albumin could be a simple and
inexpensive way to predict the nutritional status of IBD patients (50). Consumption of
the PFF diet increased the levels of serum albumin in both healthy and colitis animals in
the prevention protocol, which led us to believe that these animals, although they
exhibited less weight gain compared to the control group, most likely were not
malnourished (Table 1).

The macroscopic evaluation of the inflamed mucosa was used to determine the
presence and extension of the hyperemia and ulceration in the tissue compared to
normal colon. TNBS-induced colitis is characterized by severe necrosis of the mucosa,
typically extending 4—-6 cm along the colon, bowel wall thickening, hyperemia and focal
adhesions to adjacent organs (Figure 1). In addition, transmural intense inflammatory
infiltrations of lymphocytes and neutrophils, edema in the mucosa and a focal loss of

crypts and superficial epithelium were observed, similar to previous studies (28, 51).
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Figure 1. Macroscopic changes in the architecture of the colon tissue in the TNBS
model of colitis. a) normal mucosa; b) typically inflamed mucosa observed in this
experimental model, characterized by bowel wall thickening, hyperemia and areas of

necrosis.

Consumption of the PFF diet did not attenuate the macroscopic tissue damage
observed in the TNBS-induced colitis model; the miscroscopic score was similarly
unaffected (Figure 2 and 3). In addition, there were no decreases in the colonic
weight/length ratio in the PFF groups compared to the control groups in either protocols

(Table 1).
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Figure 2. Evaluation of the macroscopic and microscopic scores in inflamed colonic
mucosa in the TNBS-induced colitis model. Inflammation severity is scored in
comparison to healthy animals (score = zero). Different superscript letters in the

columns denote significant differences (p < 0.05) between the groups.
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Treatment Protocol

PFFSaline  PFF Colitis
Figure 3. Effects of PFF on the histological evaluation of colon tissues from rats
submitted to TNBS-induced colitis (original magnification, x100). This experimental
model is characterized by a continuous lesion, restricted to the distal colon, with a large
area of necrosis and the transmural involvement of the mucosa. The colon of colitis

groups showed loss of crypts and epithelial integrity, submucosal edema (indicated by

arrows), and intense inflammatory cellular infiltration in all layers.
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The concept of oxidative stress is defined globally as an imbalance between pro-
oxidants and antioxidants, but it has been discussed based on the inconclusive results
shown in interventional trials, where limited increases in protection after an increase in
antioxidants supply were reported. Based on those results, Jones (52) stated that the
definition of oxidative stress should be changed to a condition in which there is a
disruption in redox signaling and control. In the present study, these changes were
investigated in the serum and colonic and hepatic tissue of the rats in the treatment and
prevention protocols.

The level of lipid peroxidation in the colon mucosa was evaluated using the
TBARS assay and by measuring the antioxidants and myeloperoxidase (MPO) enzymes
activities (Figure 4 and 5). The TBARS assay quantifies the level of malondialdehyde
(MDA) synthesis, which is a validated marker for evaluating the lipid peroxidation
caused by the action of ROS. PFF consumption in the treatment protocol protected the
animals’ colon tissue from lipid peroxidation; however, it did not affect the levels of

endogenous antioxidants enzymes or decrease MPO synthesis.
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Figure 4. Evaluation of the effects of the treatment protocol (PFF short-term intake) on
the endogenous antioxidant enzymes activity and the level of lipid peroxidation in
inflamed colonic mucosa in the TNBS-induced colitis model. TBARS - Thiobarbituric
acid reactive substances. The data are expressed as the mean = SEM (n = 6 rats per
group). Different superscript letters in the columns denote significant differences (p <

0.05) between the groups.
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Figure 5. Evaluation of the effects of the prevention protocol (PFF long-term intake) on
the endogenous antioxidant enzymes activity and the level of lipid peroxidation in
inflamed colonic mucosa in the TNBS-induced colitis model. TBARS - Thiobarbituric
acid reactive substances. The data are expressed as mean £ SEM (n = 6 rats per group).
Different superscript letters in the columns denote significant differences (p < 0.05)

between the groups.
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MPO is an enzyme found in neutrophils that, following stimulation, causes an
increase in ROS production and proinflammatory mediators. In a study of patient rectal
biopsies, Dagli et al. (53) observed an increase in ROS concentration and, neutrophil-
derived MPO activity, which was in accordance with an increase in MDA levels and a
decrease in SOD enzyme. Silva et al. (54) observed a dose-dependent decrease in MPO,
and a significant reduction in carrageenan-induced paw edema in rats that received
pectin isolated from the peels of P. edulis. In addition, the flavonoid isoorientin
extracted from P. edulis peel was shown to be more effective in MPO activity reduction
than the methanolic extract from the pulp. The technique that was used provided
evidence that MPO inactivation might be related to a structural modification or linkage
between the flavonoid and the active site on the enzyme’s protein chain (55).

In contrast, in the prevention protocol, the consumption of PFF tended to
improve the level of the antioxidant enzymes, but there was no significant difference
between the control and PFF colitis groups. The increase in the MDA level of the PFF
colitis group could be responsible for the significant decrease in the SOD enzyme. This
enzyme converts the O™ radical into O, and H,O; and then, the H,O, is converted into
H,O by GSH oxidation (11). These findings suggest that long-term PFF intake could
have a protective effect on the antioxidant status of the colonic tissue.

Antioxidant status was also evaluated in the serum, and changes in serum
antioxidant activity were observed in both protocols (Table 1). In the prevention
protocol, the PFF colitis group exhibited an improvement in FRAP serum antioxidant
activity compared to the control colitis group. The serum antioxidant activity measured
by FRAP in a previously study was inversely associate with the level of serum C-
reactive protein (56). In addition, the FRAP assay does not measure the SH-group

present on the antioxidants (57), which reinforces the effect of long-term PFF intake on
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the improvement of antioxidant status in colitis animals. The main source of sulfydryl
(SH) groups in plasma is albumin, which has been reported to be increased in the PFF
groups in the prevention protocol (58).

The consumption of P. edulis juice did not improve antioxidant enzyme status
but did decrease the blood TBARS levels, indicating that the antioxidant capacity may
be related to the addition of exogenous antioxidants present in the juice (59). However,
although Rudnicki et al. (60) did not observe changes in liver MDA levels, the
consumption of the hydroalcoholic extracts of both P. alata and P.edulis leaves had
significant protective effects against carbonyl protein formation and advanced glycation
end-products. In addition, those authors observed a linear relationship between total
phenolic content and total antioxidant activity, indicating that these compounds might

be the major contributors to animal’s antioxidant activities.
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Table 2. Effects of PFF on hepatic antioxidant status in TNBS-induced colitis rats.

Control Saline  Control Colitis PFF Saline PFF Colitis
Treatment protocol
Liver weight (g) 13.7 + 0.58° 14.4 + 0.82° 16.1 + 0.85° 15.2 +0.73
Reduced GSH (uM ~ 40.0 + 9.46° 35.2+3.38° 35.4+5.50° 35.0 + 3.95°
GSH/mg protein)
GPx* 10.7 + 0.77%® 12.0 + 0.82° 8.9 + (.80 6.28 + 1.30°
GR* 9.6+ 1.16° 10.3 +0.79° 12.9 +1.37® 18.1 +1.35°
SOD (Units/mg 10.5 + 1.88° 6.9+ 1.36° 10.8 £ 1.97° 6.5+1.82°
protein)
TBARS (uM 1.24+0.07° 0.8 £ 0.05° 1.5+0.16® 1.5+0.11°
MDA/mg tissue)
Prevention protocol

Liver weight (g) 15.4 +1.32° 14.0 + 0.76 8.7+0.34° 8.7+0.52°
Reduced GSH (uM ~ 59.7 +2.48° 69.4 + 8.54° 69.4+7.07 71.1+11.17°
GSH/mg protein)
GPx* 10.6 + 1.12° 12.0 + 1.42° 6.4+ 1.29° 73+ 1.15%
GR* 21.3+2.13° 21.1+3.21° 41.3 +3.82° 31.0 + 3.29°
SOD (Units/mg 2.0+0.18 4.6+0.81° 3.4+0.33" 24+0.18
protein)
TBARS (uM 1.1 £0.05° 1.2+£0.11° 2.0+ 0.06° 1.9+ 0.10°
MDA/mg tissue)

*nmol NADPH consumed/min mg protein. Values are expressed as mean + SEM (n= 6

rats per group). TBARS - Thiobarbituric acid reactive substances. Different superscript

letters in the same line denote significant differences (p < 0.05) between the groups.
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Animals from the PFF intake group showed changes in their liver antioxidant
status (Table 2), with a decrease in GPx level and, an increase in GR and MDA levels,
but no changes in the hepatic reduced glutathione level. GPx catalyzes the reduction of
hydroperoxides, including hydrogen peroxides, by reducing glutathione, which can be
recycled by GR; GR, reduces the oxidized glutathione (GSSG) using Nicotinamide
Adenine Dinucleotide Phosphate (NADPH) as an electron donor. Thus, the level of GPx
is often discussed in parallel with GR, which maintains a constant supply of GSH from
GSSG for enzymatic activity. GSSG can be translocated to the blood across the liver,
and its plasmatic levels may reflect ROS activity in vivo (61). Thus, this increase in GR
in the PFF groups could be related to an influx of circulating GSSG. The decrease in
liver weight observed in the PFF groups in the prevention protocol requires further
investigation, specifically with respect the lipids and glycogen contents and histological
modifications of the liver. A reduction in the liver weight has been observed in others
studies (62-63), in which the level of fiber in the diet was modified, but the reason why
long-term consumption of PFF decreases the liver weight remains undetermined.

PFF is a source of flavonoids and fibers that can act as a substrate to the
microbiota, yielding high levels of short-chain fatty acids (SCFAs) that improves
gastrointestinal health (64). Changes in the microbiota and SCFA levels were observed
in both protocols (Table 3). Consumption of PFF in the treatment protocol decreased the
count of total aerobic bacteria and enterobacterias, and improved the acetic and butyric
acid levels in the feces. When PFF was used in the prevention protocol, an increased
count of bifidobacterias and lactobacilli was observed but modifications in SCFA levels
were not. Increases in butyrate concentrations have been suggested to contribute to the

down-regulation of pro-inflammatory cascades and oxidative stress in IBD (65-66).
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Table 3. Effects of PFF on the microbiota and short-chain fatty acids in TNBS-induced

colitis rats.

Control Saline Control Colitis PFF Saline PFF Colitis
Treatment Protocol
pH 8.46+0.14° 8.80+0.03°  7.98+0.13° 8.44+0.23"
Bifidobacterias (CFU/g wet feces)  9.86 + 0.20" 10.34+0.23*  9.22+0.22° 9.35+0.29°
Lactobacilli (CFU/g wet feces) 10.35+0.11°  10.52+0.29"® 10.33+0.13° 10.74+0.16°
Total aerobic (CFU/g wet feces) 9.64 +0.12° 9.81+0.16° 9.08+0.26™ 8.77+0.15°
Enterobacterias (CFU/g wet feces) ~ 9.56 +0.23° 9.28 £0.22° 8.67+0.29° 8.28+0.18"
Acetic acid (WM/mg wet feces) 0.08 £ 0.01¢ 0.06+£0.01°  0.16+0.02° 0.13+0.01°
Propionic acid (nM/mg wet feces) 1420+ 1.89®  11.96+1.52°  21.05+3.27° 12.01+1.73"
Butiric acid (nM/mg wet feces) 11.09 + 1.28° 1027+ 1.53°  2321+197* 17.28+1.53°
Prevention Protocol
pH 8.53 +0.09° 8.60+0.20°  826+0.23" 9.00+0.15
Bifidobacterias (CFU/g wet feces) ~ 9.50 + 0.03° 8.72 + 0.08° 10.09 + 0.06* 9.42+0.18"
Lactobacilli (CFU/g wet feces) 9.40 + 0.20 8.87+0.13° 10.20£0.12°  9.52+0.25
Total aerobic (CFU/g wet feces) 8.63 +0.40° 8.29+0.16" 8.43+0.13*  8.48+0.24"
Enterobacterias (CFU/g feces) 7.83 +0.44° 8.02 +0.23" 8.43+0.37" 8.35+0.27"
Acetic acid (uM/mg wet feces) 0.22+0.01° 0.14+0.03  0.19£0.01" 0.17+0.01"
Propionic acid (nM/mg wet feces) 4.20+0.33" 4.25+0.66 4.80+£0.24" 4.28+0.38"
Butiric acid (nM/mg wet feces) 3.72+0.44% 239+0.67°  4.55+0.35  2.50+0.42°

The data are expressed as mean = SEM (n = 6 rats per group). Different superscript

letters in the same line denote significant differences (p < 0.05) between the groups.
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A recent investigation showed that UC patients did not exhibit differences in
mucosa-associated lactobacilli compared to healthy patients; however, a reduction in the
bifidobacteria count was observed compared to healthy patients’ microbiota (5).
Divergent results pertaining to these findings have been reported in the literature,
especially because many different techniques are used to evaluate the microbiota.
Nevertheless, an imbalance between the commensal protective and pathogenic bacteria
in the microbiota has been postulated to be a factor in the pathogenesis of IBD. Long-
term consumption of PFF improves the count of beneficial bacterias in the microbiota.

A search for new sources of substrate (prebiotics) for the selective growth of
probiotics is underway (6, 20-21). The consumption of a prebiotic enzyme-treated rice
fiber (ERF) showed no differences in bifidobacteria and lactobacilli compared to
untreated group; however, decreases in Clostridium and Eubacterium were observed,
were increases in acetic and butyric acids in the feces of male Sprague-Dawley rats (6).
Histological analysis showed significant decreases in mucosal damage scores of rats
that consumed ERF, which could be related to the changes in SCFA production.
Increases in bifidobacteria and lactobacilli were observed in HLA-B27 transgenic rats
after 7 weeks of intake of a prebiotic containing a mixture of chicory-derived long-chain
inulin-type fructans and short-chain inulin fraction oligofructose (1:1), without
modification of SCFA levels compared with the untreated group (20). Female Wistar
rats receiving lactulose at 2.5% in their drinking water for 3 weeks showed higher
counts of bifidobacteria and lactobacilli in their colonic contents compared to the
control colitis group (19). A mixture of 60% kale leaves plus 40% papaya pulp
administrated orally for 2 weeks in female Wistar rats, resulted in a significant increase
in lactobacilli and a decrease in aerobic bacteria and enterobacteria in the colon luminal

content; changes that improve the ratio of beneficial/pathogen bacterias in the feces
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(21). However, intake of green dwarf banana flour, a rich source of resistant starch and
amylase, did not promote changes on microbiota (22).

Intestinal protective mechanisms of PFF are still relatively unknown. Our data
shows that PFF intake exhibit effect in modulating the intestinal microbiota. In the
treatment protocol the increases on butyric acid could be directly related to decreases in
TBARS levels; and in the prevention protocol the consumption of PFF improves
bifidobacterias and lactobacillus in cecal content. Thus, more studies need to be
developed to evaluate the effects of PFF intake in the maintaining the intestinal barrier
and in the immune response.

In conclusion, PFF consumption provided benefits in both protocols; however,
the consumption of PFF in the prevention protocol showed that long-term intake could
have more benefits compared to short-term consumption. Long-term intake of PFF
improved antioxidant status and modulated the microbiota in TNBS-induced colitis.
However, an improvement in the mucosal damage score was not observed. PFF could
be incorporated into the diet as a source of fiber and polyphenols, which could prevent

oxidative stress in liver and colon tissue and improve serum antioxidant status.
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Abstract

Inflammatory bowel disease (IBD) is a chronic relapsing disease. Its pathogenesis is
related to genetic, environmental, microbiological and immunological factors.
Passiflora edulis is a fruit produced in Brazil that generates an industrial waste rich in
pectin and polyphenols. The aim of the present study was to evaluate the effects passion
fruit flour (PFF) intake on the attenuation of colonic mucosal damage and the
expression of inflammatory markers in rats with 2,4,6-trinitrobenzenesulfonic acid
(TNBS)-induced colitis in two in vivo experiments. Wistar rats were fed a diet
containing PFF for 7 days in the treatment protocol and for 84 days in the prevention
protocol before colitis induction. Colitis was induced by intracolonic administration of
TNBS and, one week later, damage scores and the expression of inflammatory markers
were evaluated. Changes in body weight and food intake were observed in the colitis
groups. PFF intake did not decrease the damage caused by TNBS in colonic tissue;
however, rats fed the fruit peel showed changes in the expression of some inflammatory
markers in the colonic mucosa induced by TNBS. Differences in these parameters were
observed between the treatment and prevention protocols. These results suggest that
PFF intake did not suppress intestinal inflammation but could modulate some
inflammatory markers. The results point out that the effect of PFF on colitis should be
evaluated in a different experimental model without an acute phase. In addition, PFF

could be used an additional therapeutic strategy for prevent IBD.

Keywords: Passiflora edulis peel; TNBS-induced colitis in rat; inflammatory bowel

disease; trinitrobenzenesulfonic acid; anti-inflammatory effect.
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1. Introduction

Inflammatory bowel disease (IBD) is a chronic immune-mediated intestinal disorder
that encompasses Crohn’s disease (CD) and ulcerative colitis (UC). CD is transmural
inflammation that can affect the entire gastrointestinal tract while UC is non-transmural
inflammation restricted to the colon [1]. There are many factors related to the
pathogenesis of these diseases, such as genetic, environmental, microbiological and
immunological factors [2-4]. The Western lifestyle, especially regarding food intake and
the use of antibiotics, leads to changes in the gut microbiome [5]. This imbalance in the
intestinal microbiota has been postulated as a possible factor in the initiation and
progression of gut inflammation, especially when the growth of pathogenic bacteria is
greater than that of non-pathogenic bacteria [6].

In the last few years, many researchers have investigated the effect of phenolic
compounds and flavonoids, naturally present in foods, on inflammation [7-9], as well as
the development of microbiota substrates that improve the formation of short-chain fatty
acids [10-14] which prevent or prolong remission in ulcerative colitis. Passiflora edulis
peel is a waste from food industry that is rich in pectin [15] and flavonoids [16]. Some
reports show that peel consumption improves insulin sensitivity in type 2 diabetes
mellitus patients [17] and blood pressure in animal models [18]. Furthermore, the
polysaccharides in this peel have shown antitumor properties in vitro, and flavonoids
have demonstrated antioxidant activity [16]. Recent findings have been demonstrate that
the consumption of sources of dietary fiber and phenolic compounds suppresses the
overexpression of inflammatory mediators [2, 7, 9, 13-14, 19], as well as their
generation through the inhibition the activation of nuclear factor kappa B (NFkB).

The aim of the present study was to evaluate the effect of Passiflora edulis peel

flour (PFF) intake in an experimental model of rat colitis induced by 2.,4,6-
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trinitrobenzenesulfonic acid (TNBS). The effect of PFF was evaluated in treatment and
prevention protocols and the impact on colonic mucosal damage and the expression of

inflammatory markers was evaluated.

2. Materials and Methods

2.1. Passion fruit flour (PFF)

Organic crops of Passiflora edulis (passion fruit) from Torre de Pedra/SP,
harvested in June 2010, were used to produce the flour. The fruits were cleaned and
separated into pulp and peel (flavedo + albedo). Peels were cut into small pieces and
dried in an oven with air circulation at 50°C (Marconi, Piracicaba/SP - Brazil) until the
moisture content was 10% or less. Dried peel was ground into a fine powder using a

hammer mill (20 mesh) and the flour was stored in amber flasks at room temperature

(24°C).

2.2. Animals and experimental design
This study was carried out in accordance with the Guide for the Care and Use of
Laboratory Animals, as promulgated by the Brazilian College of Animal
Experimentation (COBEA). The study was approved by the Animal Research and
Ethics Committee of the University of Campinas (Brazil) (protocol 2257-1/2010).
Male Wistar rats were housed under standard conditions of temperature (22 °C £ 2),
humidity (60-70 %), and dark cycle (7:00 am to 7:00 pm). Forty-eight rats were
randomized into two experiments, i.e. the treatment (short-term intake) and prevention

(long-term intake) protocols (Figure 1).
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Treatment protocol (short-term PFF intake)

14 days — PFF diet for maintenance phase

\

( period of adaptation | \
| ' T
77 days old T
91 days old
84 days old Sacrifice

Colitis induction

Prevention protocol (long-term PFF intake)

28 days — PFF diet for growth stage 42 days — PFF diet for maintenance phase
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[ | \
l | |
| | ! T

21 daysold 77 days old
91 days old
g daysold Sacrifice

Colitis induction

Figure 1. Experimental design.

In the treatment protocol (short-term PFF intake), 24 rats (77 days old) were divided
into the control and PFF groups (n=12). They were fed with the control and
experimental diet (maintenance phase) for 1 week (84 days old). Diets were prepared in
accordance with American Institute of Nutrition [20]; 50% of the cellulose was replaced
with dietary fiber from PFF in the experimental diet (Table 1). After 7 days, colitis was
induced in six animals in each group. The animals were kept for another 7 days;
afterwards, they were anesthetized with ketamine and xylazine and culled by

exsanguination via cardiac puncture.
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Table 1. Formulations of the experimental diets used in the experiments.

AIN-93G (g.kg” diet)  AIN-93M (g.kg™ diet)

Control PFF Control PFF
Corn starch 428,99 420,01°%* 465,69 456,71%*
Casein (>85% protein) 150,00 148,49%* 140,00 138,49**
Dextrinized corn starch (90-94%) 142,50 142,50 155,00 155,00
Sucrose 108,00 108,00 100,00 100,00
Soybean oil 70,00 69,88** 40,00 39,88%#*
Cellulose 50,00 25,00 50,00 25,00
Passiflora peel flour - 38,33* - 38,33*
Mineral mix (AIN-93M-MX) 35,00 32,28** 35,00 32,28%*
Vitamin mix (AIN-93-VX) 10,00 10,00 10,00 10,00
L-cysteine 3,00 3,00 1,80 1,80
Choline bitartrate (41.1% choline) 2,50 2,50 2,50 2,50
Butylhydroquinone 0,01 0,01 0,01 0,01

AIN-93G refers to the growth phase and AIN-93M refers to the maintenance phase™. * amount

needed to obtain 25 g of Passiflora fiber, ** values were corrected according to the content of

these nutrients in the PPF.

In the prevention protocol (long-term PFF intake), 24 rats (21 days old) were
divided into the control and PFF groups (n=12). They were fed with the control and
experimental diets (growth stage) until they were 77 days old. The diet was changed to
supply the nutritional needs (maintenance phase) and the animals were fed for 1 week

until they were 84 days old, when colitis was induced in six animals per group. After 7
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days, they were culled as described above. Access to food and drink was ad libitum and
monitored three times a week.

Briefly, colitis induction was carried with 2,4,6-trinitrobenzenesulfonic acid
(TNBS). The animals were anaesthetized with halothane and given 10 mg of TNBS
dissolved in 0.25 ml of 50% ethanol (v/v) by means of a Teflon cannula inserted 8 cm
through the anus [21]. The same procedure was performed with the control group
(animals without colitis induction), i.e. the saline group, via the intracolonic
administration 0.25 ml of phosphate-buffered saline instead of TNBS.

Animal body weights, the occurrence of diarrhea, blood in the feces, and water and

food intake were recorded daily after colitis induction.

2.3. Serum and colon tissue cytokine levels

Blood samples were obtained by cardiac puncture under anesthesia, collected in
tubes treated with a clot accelerator (SiO,) and centrifuged at 2600 g for 20 min. Serum
was stored at -80°C until the analyses were performed. Tissue homogenate was
centrifuged, and the supernatant was stored at -80°C. Cytokine concentrations (IL-1§,
IL-6 and TNF-a) were measured by ELISA using PeproTech kits (PeproTech, Rocky
Hill, NJ, USA). The operating procedure provided by the manufacturer was strictly
followed. The protein concentration of the homogenate was determined following

Bradford’s colorimetric method [22].

2.4. Colonic samples
Freshly dissected colon samples were washed with physiological solution (0.9%
NaCl) and macroscopically visible damage was evaluated according to previously

reported criteria [23]. Samples were conserved at -80°C in a freezing medium (Jung;
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Leica Instruments, Nussloch, Germany). Serial cross-sections (7 pm) were prepared
using a cryostat (CM 1850 Cryostat, Leica) and fixed on silanized slides. After staining,
the samples were stained with hematoxylin-eosin to assess the severity of colitis
(Eclipsi 801 microscope, Nikon) by a pathologist, according to the criteria described by
Chinen et al. [24].

The expression of IL-8 was performed by immunofluorescence microscopy (Nikon
Eclipse 801, Japan) using histological sections of colonic tissue fixed in acetone, and
blocked with 2% goat serum (Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA) in
PBS for 2 h at room temperature. The sections were then incubated with rabbit
polyclonal anti-IL-8 (1:100; Abcam Inc., Cambridge, MA, USA) with an overnight
incubation at 4°C. Bound antibody against IL-8 was detected with a FITC-conjugated

goat anti-rabbit secondary antibody (1:500; Santa Cruz Biotechnology).

2.5. Western blotting analysis

Frozen colon samples were homogenized in 1 ml of cold buffer (100 mM TRIS,
pH 7.4, 100 mM sodium pyrophosphate, 100 mM sodium fluoride, 10 mM EDTA, 0.1
mM sodium vanadate, 2 mM PMSF, and 0.1 mg aprotinin.ml™"). Homogenates were
centrifuged (10,000% g, 15 min, 4°C) and the supernatants were collected and stored at -
80°C. The protein concentration of the homogenate was determined following
Bradford’s colorimetric method [22]. The supernatant was resuspended in Laemmli
buffer and boiled for 5 min before separation by sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS PAGE) using a mini-Protean® apparatus (Bio Rad, Richmond,
CA). Equal amounts of protein from samples (4 mg.ml") were separated on gradient
acrylamide gel (5-20%) by SDS PAGE. Electrotransfer of proteins from the gel to

nitrocellulose was performed for 20 min at 15 V (constant). The nitrocellulose transfers
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were probed with specific antibodies. The antibodies B-actin (sc-81178), IKKp (sc-
34674), COX-2 (sc-7951), TLR2 (sc-10739), TLR4 (sc-16240), MCP-1 (sc-28879) and
IL-10 (sc-1783) were obtained from Santa Cruz Biotechnology. The iNOS antibody (ab
15323) was obtained from Abcam. The dilution used to incubate B-actin was 1:1000;
1:500 for COX-2, iNOS, TLR2 and TLR4, and 1:400 for IKKf, MCP-1 and IL-10.
Subsequently, the membranes were incubated with HRP-conjugate antibodies (Santa
Cruz Biotechnology). Immunodetection was performed using the Luminata Forte
Western HRP substrate (Merck Millipore, Darmstadt, Germany). The results were
visualized by an ImageQuant 400 digital imaging system (GE Healthcare Life Science,
Sweden). Band intensities were quantified using UN-SCAN-IT software (Silk

Scientific, Inc., Utah, USA) and the intensities of the bands were normalized to B-actin.

2.6. Statistical analysis

The statistical analyses were carried out using one-way ANOVA followed by a
Tukey multiple comparisons test for parametric data and the Kruskal-Wallis test
followed by Dunn’s test for non-parametric data. All data are expressed as mean + SEM
and differences were considered statistically significant when P < 0.05. Statistical
analyses were carried out using GraphPad Prism 5.0 software (GraphPad Software, Inc.

La Jolla, CA, USA).
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3. Results and Discussion

The consumption of fruits and vegetables is correlated with decrease in the
incidence of non-communicable chronic diseases [25]. In the last few years, many
researchers have studied the mechanisms involved in the protection provided by food
compounds, such as vitamins, minerals, pectin, bioactive compounds, organic acids,
flavonoids and polyphenols [17, 26] against diseases. In the last century, the IBD
incidence increased, especially due to environmental influences like increased industrial
food intake and the use of antibiotics [27]. Passiflora edulis peel is a byproduct of the
juice industry, a source of dietary fiber and antioxidant compounds [28-30], and is
considered an industrial waste. The consumption of dietary fiber can modulate the gut
microbiota and improve cecal short chain fatty acid production, which provides fuel to
colonocytes and stimulates cell proliferation [31]. The consumption of dietary fiber is
associated with a lower risk of IBD [32].

Weight loss is one the symptoms observed in IBD patients, and during the
experimental period after colitis induction, weight loss was observed in the animals in
both protocols (Figure 2). However, significantly better weight maintenance was
observed in the PFF colitis group compared to the control colitis group in the prevention
protocol (long-term PFF intake). Weight maintenance is very important in IBD, as

malnutrition is usually observed in these patients [33].
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Figure 2. Changes in body weight after TNBS-induced colitis and the effect of PFF
intake on body weight in the a) treatment protocol and b) prevention protocol. Different

superscript letters in the columns denote significant differences (p < 0.05) between

groups.

TNBS administration promotes colonic inflammation with the presence of necrosis
in the mucosa, bowel wall thickening, an increased colonic weight/length ratio,
adherence of the colon to adjacent organs and hyperemia; these observations have been
previously described in the literature [34]. Nonetheless, slight a alleviation in terms of
diarrhea and blood in the feces was observed in PFF colitis animals compared to control
colitis animals.

Inflammation is a natural physiological process in the body for protection against
damage or infection; however, when inflammation becomes persistent, even in the
absence of pathogenic microbes, the intestine develops IBD [35]. The enhanced
production of mucosal proinflammatory cytokines like IL-1pB, IL-6 and TNF-o may be
related to the amplification of the inflammatory cascade and the perpetuation of
inflammation in IBD [36-38]. Nowadays, biological therapies for IBD are especially

focused on the use of specific cytokine inhibitors, like anti-TNF [39]. The consumption
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of PFF proved to exert a similar effect, as the colitis animals that received the fruit peel
showed decreases in TNF-a levels in both protocols (Table 2). In addition, in the
prevention protocol, systemic decreases in the TNF-a level and decreases in IL-1 and

IL-6 were observed in the colonic tissue of the PFF colitis group.

Table 2. Serum and colonic levels of IL-1B, IL-6 and TNF-a in the treatment and

prevention protocols.

Treatment protocol (short-term intake)

Control Saline Control Colitis PFF Saline PFF Colitis
Serum*
IL-1B 0,6 = 0,06" 0,6 £0,07* 0,6 £ 0,05 0,7 £0,08°
IL-6 0,4 +0,02° 0,3 +0,02° 0,7 +0,22° 2,4+0,34°
TNF-a 0,4 +0,09° 0,6 +0,15° 0,3 +0,04° 0,4 + 0,08
Homogenates™**
IL-1B 0,5+0,11° 3,5+ 0,49° 0,4+0,10° 3,3+0,77°
IL-6 2,3+0,15° 0,8+0,15 1,7 £0,33° 0,5+ 0,07
TNF-a 0,22 +0,02° 0,09 £0,01° 0,10 +0,02" 0,04 +0,01°

Prevention protocol (long-term intake)

Control Saline Control Colitis PFF Saline PFF Colitis
Serum*
IL-1B 1,3+0,63% 0,7+0,18" 0,8 £ 0,05% 1,2+0,41*
IL-6 9,8 +0,34° 5,0+ 1,25 7,1+1,13° 3,2 4+0,85°
TNF-a 0,4 +0,04° 0,3 +0,04® 0,2 +0,04° 0,3 + 0,08
Homogenates**
IL-1PB 0,3 +0,03¢ 2,7+0,37 0,3 +0,04° 1,1+0,19°
IL-6 0,4 +0,06° 1,3+£0.31° 0,3 +£0,03° 0,3 +0,09°
TNF-a 0,11+0,01° 0,25+0,10° 0,04 + 0,00° 0,06 + 0,02

*ng.ml"; **ng.mg protein . Values are represented by mean = SEM (n = 6 rats per

group). Different superscript letters in the same line denote significant differences (p <

0.05) between groups.
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The transcription factor NF-kB is a key regulator of the inflammatory response and
can be activated by lipopolysaccharide present in bacterial cell walls, pro-inflammatory
cytokines, viruses and DNA damaging agents. This activation occurs through IKKf
(inhibitor of kappa B kinase beta) in the classical pathway [40]. The activation of this
transcription factor increases the production of cytokines and adhesion molecules that
modulate the influx and activation of leukocytes to the site of infection or tissue
damage. IKKp also affects the transcription of proteins that protect cells against
apoptosis and necrosis, like cellular inhibitors of apoptosis (c-IAPs), caspase-8-c-FLIP
and TNFR-associated factor 1[41].

The importance of IKKp in the development of IBD can be seen in villin-
Cre/Ilkp™ mice which are deficient in IKKB in colonic epithelial cells; these mice
develop severe and spontaneous acute colitis [42]. The administration of dextran sulfate
sodium (DSS) in the drinking water of mice lacking IKKp in intestinal epithelial cells
leads to severe mucosal inflammation and greater areas of ulceration in comparison with
control animals, demonstrating the protective function of IKK in the intestinal mucosa
under conditions of acute, ulcerating colitis [35].

The consumption of PFF in the treatment protocol decreased the expression of
IKK in the PFF colitis group compared to the other groups (Figure 3). However, in the
prevention protocol, the long-term intake of PFF was not found to reduce IKKf
expression. These findings suggest that a short-term intake of PFF could diminish the

classical activation of the NF«xB pathway compared long-term intake.
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Figure 3. Effects of PFF on IKKf expression in colon tissue from rats submitted to
TNBS-induced colitis in the a) treatment protocol and b) prevention protocol. Different

superscript letters in the columns denote significant differences (p < 0.05) between

groups.

Cyclooxygenase-2 (COX-2) is an inducible enzyme that converts arachidonic
acid to inflammatory mediators after stimulation by IL-1, tumor necrosis factor and
other mediators. The overexpression of COX-2 has been found to correlate with
neoplastic progression and could play a role in the pathophysiological processes of IBD
[43-44]. A significant decrease in COX-2 expression was observed in the PFF colitis
group compared to the control colitis group in the treatment protocol (Figure 4). The
long-term intake of PFF in the prevention protocol did not decrease the expression of
COX-2 compared to the control group. In this way, short-intake of PFF appears to be
beneficial as a nutritional intervention and could contribute to inhibiting the neoplastic

progression observed in this disease [44-46].
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Figure 4. Effects of PFF on COX-2 and iNOS expression in colon tissue from rats
submitted to TNBS-induced colitis in the a) treatment protocol and b) prevention
protocol. Different superscript letters in the columns denote significant differences (p <

0.05) between groups.

In addition, increased nitric oxide (NO) expression is observed during colonic
inflammation, generated through the activity of iNOS [47]. NO is a potent oxidant that
reacts with proteins, lipids and DNA and can induce cell death. Increased iNOS
expression and activity in the rat colon as well as a significant increase in apoptosis

were observed in the colonic tissue of TNBS-induced colitis rats, suggesting that NO
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contributes to colon epithelial cell apoptosis during the acute phase of inflammation
[48]. In this way, the inhibition of NO production in IBD could decrease tissue injury.
The animals that consumed PFF in the prevention protocol showed decreased iNOS
expression in colonic tissue (Figure 4). This result is in accordance with previous
studies [49] that correlated the consumption of dietary fiber and anti-inflammatory
effects.

Toll-like receptors (TLR) are inducible or constitutively expressed trans-
membrane pattern recognition receptors that play a role in the induction of pro- and
anti-inflammatory genes and control adaptive immune responses in the entire
gastrointestinal tract. TLR2 and TLR4 are expressed in the intestine at the apical pole of
differentiated enterocytes; they recognize lipopeptides and lipopolysaccharide,
respectively. Under normal conditions, their expression in intestinal epithelial cells and
lamina propria mononuclear cells is low; however, this expression increases during
inflammation [50]. The consumption of PFF in both protocols did not change the
expression on TLR2 or TLR4 in the colitis groups, suggesting that the effects of PFF

intake in colitis do not involve TLR signaling.
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Figure 5. Effects of PFF on MCP-1 and IL-10 expression in colon tissues from rats
submitted to TNBS-induced colitis in the a) treatment protocol and b) prevention
protocol. Different superscript letters in the columns denote significant differences (p <

0.05) between groups.

Takada et al. [51] observed that monocyte chemotactic protein (MCP-1)
knockout mice produce less interleukin-10 than wild-type mice; this may be due to
impaired recruitment of macrophage ¢2 to the lamina propria. This chemokine plays an
important role in recruitment of monocytes and macrophages from the bloodstream to
inflamed tissue, and its action regarding the reduction of inflammation may be related to
the production of anti-inflammatory cytokines, like IL-10, by macrophages [51]. In both

protocols, the consumption of PFF did not promote changes in MCP-1 and IL-10
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expression in the colonic mucosa of colitic rats compared to the control animals. The
PFF saline group in the prevention protocol showed decreases in MCP-1 expression
compared to the control saline group; however, a reduction was not observed in IL-10
expression. Interestingly, the PFF saline group showed higher expression of I1L-10, but

this was not a significant difference compared to the control saline group (Figure 5).

a)

Control Colitis 200x Control Colitis 400x PFF Colitis 200x PFF Colitis 400x
b)
Control Colitis 200x Control Colitis 400x PFF Colitis 200x PFF Colitis 400x

Figure 6. Inmunofluorescence analysis for the detection of IL-8 in histological sections
of colon tissue from rats submitted to TNBS-induced colitis fed the control or PFF diet
in the a) treatment protocol and b) prevention protocol. The images were captured using

a Nikon Eclipse 801 microscope.

On the other hand, the expression of interleukin-8 (IL-8), a neutrophil
chemoattractant and activator, was increased in the colonic mucosa of colitic animals in
both groups compared to control animals (saline) (Figure 6). Labeled IL-8 was mainly

detected in the lamina propria of the colonic tissue in the colitis groups. Increases in the
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expression of this interleukin have been reported in inflamed tissue, especially during
active disease [52], which can be correlated with the grade of inflammation in UC
patients [53].

Our results suggest that TNBS-induced colitis is characterized by neutrophil
accumulation. The intake of PFF, a rich source of dietary fiber and polyphenols, did not
suppress intestinal inflammation; however, it modulated some inflammatory markers
like proinflammatory cytokines, mainly when PFF consumption was long-term. PFF
intake cannot cure colitis, but could be an additional therapeutic strategy to prevent the

exacerbation of inflammatory bowel disease.

127



CAPITULO 4

References

10.

11.

12.

13.

Baumgart, D.C. and W.J. Sandborn, Inflammatory bowel disease: clinical
aspects and established and evolving therapies. Lancet, 2007. 369(9573): p.
1641-57.

Galvez, J., M.E. Rodriguez-Cabezas, and A. Zarzuelo, Effects of dietary fiber on
inflammatory bowel disease. Mol Nutr Food Res, 2005. 49(6): p. 601-8.
Podolsky, D.K., Inflammatory bowel disease. N Engl J Med, 2002. 347(6): p.
417-29.

Rogler, G. and T. Andus, Cytokines in inflammatory bowel disease. World
Journal of Surgery, 1998. 22(4): p. 382-9.

Paul, G., V. Khare, and C. Gasche, Inflamed gut mucosa: downstream of
interleukin-10. European Journal of Clinical Investigation, 2012. 42(1): p. 95-
109.

Mylonaki, M., N.B. Rayment, D.S. Rampton, B.N. Hudspith, and J. Brostoff,
Molecular characterization of rectal mucosa-associated bacterial flora in
inflammatory bowel disease. Inflamm Bowel Dis, 2005. 11(5): p. 481-7.

Algieri, F., P. Zorrilla, A. Rodriguez-Nogales, N. Garrido-Mesa, O. Baiiuelos,
M.R. Gonzalez-Tejero, M. Casares-Porcel, J. Molero-Mesa, A. Zarzuelo, M.P.
Utrilla, M.E. Rodriguez-Cabezas, and J. Galvez, Intestinal anti-inflammatory
activity of hydroalcoholic extracts of Phlomis purpurea L. and Phlomis lychnitis
L. in the trinitrobenzenesulphonic acid model of rat colitis. Journal of
Ethnopharmacology, 2013. 146(3): p. 750-759.

Hur, S.J., S.H. Kang, H.S. Jung, S.C. Kim, H.S. Jeon, .LH. Kim, and J.D. Lee,
Review of natural products actions on cytokines in inflammatory bowel disease.
Nutr Res, 2012. 32(11): p. 801-16.

de Faria, F.M., A. Luiz-Ferreira, E.A. Socca, A.C. de Almeida, R.J. Dunder,
L.P. Manzo, M.A. da Silva, W. Vilegas, A.L. Rozza, C.H. Pellizzon, L.C. Dos
Santos, and A.R. Souza Brito, Effects of Rhizophora mangle on Experimental
Colitis Induced by TNBS in Rats. Evid Based Complement Alternat Med, 2012.
2012: p. 753971.

Lima de Albuquerque, C., M. Comalada, D. Camuesco, M.E. Rodriguez-
Cabezas, A. Luiz-Ferreira, A. Nieto, A.R. Monteiro de Souza Brito, A. Zarzuelo,
and J. Galvez, Effect of kale and papaya supplementation in colitis induced by
trinitrobenzenesulfonic acid in the rat. e-SPEN, the European e-Journal of
Clinical Nutrition and Metabolism, 2010. 5(3): p. el 11-el16.

Camuesco, D., L. Peran, M. Comalada, A. Nieto, L.C. Di Stasi, M.E. Rodriguez-
Cabezas, A. Concha, A. Zarzuelo, and J. Galvez, Preventative effects of
lactulose in the trinitrobenzenesulphonic acid model of rat colitis. Inflamm
Bowel Dis, 2005. 11(3): p. 265-71.

Hoentjen, F., G.W. Welling, H.J. Harmsen, X. Zhang, J. Snart, G.W. Tannock,
K. Lien, T.A. Churchill, M. Lupicki, and L.A. Dieleman, Reduction of colitis by
prebiotics in HLA-B27 transgenic rats is associated with microflora changes
and immunomodulation. Inflamm Bowel Dis, 2005. 11(11): p. 977-85.
Komiyama, Y., A. Andoh, D. Fujiwara, H. Ohmae, Y. Araki, Y. Fujiyama, K.
Mitsuyama, and O. Kanauchi, New prebiotics from rice bran ameliorate
inflammation in murine colitis models through the modulation of intestinal

128



CAPITULO 4

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

homeostasis and the mucosal immune system. Scandinavian Journal of
Gastroenterology, 2011. 46(1): p. 40-52.

Scarminio, V., A.C. Fruet, A. Witaicenis, V.L.M. Rall, and L.C. Di Stasi,
Dietary intervention with green dwarf banana flour (Musa sp AAA) prevents
intestinal inflammation in a trinitrobenzenesulfonic acid model of rat colitis.
Nutrition Research, 2012. 32(3): p. 202-2009.

Pinheiro, E.s.R., LM.D.A. Silva, L.V. Gonzaga, E.R. Amante, R.F. Teofilo,
M.M.C. Ferreira, and R.D.M.C. Amboni, Optimization of extraction of high-
ester pectin from passion fruit peel (Passiflora edulis flavicarpa) with citric acid
by using response surface methodology. Bioresource Technology, 2008. 99(13):
p. 5561-5566.

Zeraik, M.L., J.H. Yariwake, J.-N. Wauters, M. Tits, and L. Angenot, Analysis
of passion fruit rinds (Passiflora edulis): isoorientin quantification by HPTLC
and evaluation of antioxidant (radical scavenging) capacity. Quimica Nova,
2012. 35: p. 541-545.

Queiroz, M.S.R., D.I. Janebro, M.A.L. Cunha, J.S. Medeiros, A.U.O. Sabaa-
Srur, M.F.F.M. Diniz, and S.C. Santos, Effect of the yellow passion fruit peel
flour (Passiflora edulis f. flavicarpa deg.) in insulin sensitivity in type 2 diabetes
mellitus patients. Nutrition Journal, 2012. 11: p. 89.

Lewis, B.J., K.A. Herrlinger, T.A. Craig, C.E. Mehring-Franklin, Z. Defreitas,
and C. Hinojosa-Laborde, Antihypertensive effect of passion fruit peel extract
and its major bioactive components following acute supplementation in
spontaneously hypertensive rats. Journal of Nutritional Biochemistry, 2013.
Lima de Albuquerque, C., M. Comalada, D. Camuesco, M.E. Rodriguez-
Cabezas, A. Luiz-Ferreira, A. Nieto, A.R. Monteiro de Souza Brito, A. Zarzuelo,
and J. Galvez, Effect of kale and papaya supplementation in colitis induced by
trinitrobenzenesulfonic acid in the rat. European e-Journal of Clinical Nutrition
and Metabolism, 2010. 5(3): p. el11-el16.

Reeves, P.G., F.H. Nielsen, and G.C. Fahey, Ain-93 Purified Diets for
Laboratory Rodents - Final Report of the American Institute of Nutrition Ad Hoc
Writing Committee on the Reformulation of the Ain-76a Rodent Diet. Journal of
Nutrition, 1993. 123(11): p. 1939-1951.

Morris, G.P., P.L. Beck, M.S. Herridge, W.T. Depew, M.R. Szewczuk, and J.L.
Wallace, Hapten-Induced Model of Chronic Inflammation and Ulceration in the
Rat Colon. Gastroenterology, 1989. 96(3): p. 795-803.

Bradford, M.M., 4 rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding. Anal
Biochem, 1976. 72: p. 248-54.

Bell, C.J., D.G. Gall, and J.L. Wallace, Disruption of colonic electrolyte
transport in experimental colitis. Am J Physiol, 1995. 268(4 Pt 1): p. G622-30.
Chinen, T., K. Komai, G. Muto, R. Morita, N. Inoue, H. Yoshida, T. Sekiya, R.
Yoshida, K. Nakamura, R. Takayanagi, and A. Yoshimura, Prostaglandin E2
and SOCS1 have a role in intestinal immune tolerance. Nature Communications,
2011. 2: p. 190.

Lock, K., J. Pomerleau, L. Causer, D.R. Altmann, and M. McKee, The global
burden of disease attributable to low consumption of fruit and vegetables:
implications for the global strategy on diet. Bull World Health Organ, 2005.
83(2): p. 100-8.

129



CAPITULO 4

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Salman, H., M. Bergman, M. Djaldetti, J. Orlin, and H. Bessler, Citrus pectin
affects cytokine production by human peripheral blood mononuclear cells.
Biomed Pharmacother, 2008. 62(9): p. 579-82.

Loftus, E.V., Clinical epidemiology of inflammatory bowel disease: incidence,
prevalence, and environmental influences. Gastroenterology, 2004. 126(6): p.
1504-1517.

Loépez-Vargas, J.H., J. Fernandez-Lopez, J.A. Pérez-Alvarez, and M. Viuda-
Martos, Chemical, physico-chemical, technological, antibacterial and
antioxidant properties of dietary fiber powder obtained from yellow passion
fruit  (Passiflora edulis var. flavicarpa) co-products. Food Research
International, 2013. 51(2): p. 756-763.

Lewis, B.J., K.A. Herrlinger, T.A. Craig, C.E. Mehring-Franklin, Z. DeFreitas,
and C. Hinojosa-Laborde, Antihypertensive effect of passion fruit peel extract
and its major bioactive components following acute supplementation in
spontaneously hypertensive rats. The Journal of Nutritional Biochemistry, 2013.
24(7): p. 1359-1366.

Yapo, B.M. and K.L. Koffi, Dietary fiber components in yellow passion fruit
rind--a potential fiber source. J Agric Food Chem, 2008. 56(14): p. 5880-3.
Brownawell, A.M., W. Caers, G.R. Gibson, C.W. Kendall, K.D. Lewis, Y.
Ringel, and J.L. Slavin, Prebiotics and the health benefits of fiber: current
regulatory status, future research, and goals. J Nutr, 2012. 142(5): p. 962-74.
Ananthakrishnan, A.N., H. Khalili, G.G. Konijeti, L.M. Higuchi, P. de Silva,
J.R. Korzenik, C.S. Fuchs, W.C. Willett, J.M. Richter, and A.T. Chan, A4
prospective study of long-term intake of dietary fiber and risk of Crohn's disease
and ulcerative colitis. Gastroenterology, 2013. 145(5): p. 970-7.

Mijac, D.D., G.L. Jankovic, J. Jorga, and M.N. Krstic, Nutritional status in
patients with active inflammatory bowel disease: prevalence of malnutrition and
methods for routine nutritional assessment. European Journal of Internal
Medicine, 2010. 21(4): p. 315-9.

Cazarin, C.B.B., J.K. da Silva, T.C. Colomeu, A.G. Batista, C.A. Vilella, A.L.
Ferreira, S. Bogusz Junior, K. Fukuda, L.R. Meirelles, R.L. Zollner, and M.R.
Marostica Junior, Passiflora edulispeel intake and ulcerative colitis: Approaches
for prevention and treatment. Experimental Biology and Medicine, 2014.
Eckmann, L., T. Nebelsiek, A.A. Fingerle, S.M. Dann, J. Mages, R. Lang, S.
Robine, M.F. Kagnoff, R.M. Schmid, M. Karin, M.C. Arkan, and F.R. Greten,
Opposing  functions of I[KKbeta during acute and chronic intestinal
inflammation. Proc Natl Acad Sci U S A, 2008. 105(39): p. 15058-63.

Ishiguro, Y., Mucosal proinflammatory cytokine production correlates with
endoscopic activity of ulcerative colitis. Journal of Gastroenterology, 1999.
34(1): p. 66-74.

Gotteland, M., M. Lopez, C. Munoz, R. Saez, H. Altshiller, P. Llorens, and O.
Brunser, Local and Systemic Liberation of Proinflammatory Cytokines in
Ulcerative Colitis. Digestive Diseases and Sciences, 1999. 44(4): p. 830-835.
Indaram, A.V., S. Nandi, S. Weissman, S. Lam, B. Bailey, M. Blumstein, R.
Greenberg, and S. Bank, Elevated basal intestinal mucosal cytokine levels in
asymptomatic first-degree relatives of patients with Crohn's disease. World J
Gastroenterol, 2000. 6(1): p. 49-52.

Bosani, M., S. Ardizzone, and G.B. Porro, Biologic targeting in the treatment of
inflammatory bowel diseases. Biologics, 2009. 3: p. 77-97.

130



CAPITULO 4

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Atreya, I., R. Atreya, and M.F. Neurath, NF-kappaB in inflammatory bowel
disease. Journal of Internal Medicine, 2008. 263(6): p. 591-6.

Karin, M. and A. Lin, NF-kappaB at the crossroads of life and death. Nat
Immunol, 2002. 3(3): p. 221-7.

Chae, S., L. Eckmann, Y. Miyamoto, C. Pothoulakis, M. Karin, and M.F.
Kagnoff, Epithelial Cell IxkB-Kinase [ Has an Important Protective Role in
Clostridium difficile Toxin A-Induced Mucosal Injury. The Journal of
Immunology, 2006. 177(2): p. 1214-1220.

Agoff, S.N., T.A. Brentnall, D.A. Crispin, S.L. Taylor, S. Raaka, R.C. Haggitt,
M.W. Reed, [.A. Afonina, P.S. Rabinovitch, A.C. Stevens, Z. Feng, and M.P.
Bronner, The role of cyclooxygenase 2 in ulcerative colitis-associated neoplasia.
Am J Pathol, 2000. 157(3): p. 737-45.

Paiotti, A.P.R., R. Artigiani Neto, N.M. Forones, C.T.F. Oshima, S.J.
Miszputen, and M. Franco, Immunoexpression of cyclooxygenase-1 and -2 in
ulcerative colitis. Brazilian Journal of Medical and Biological Research, 2007.
40: p. 911-918.

Fratila, O.C. and T.I. Ilias, COX-2 and Ki-67 immunohistochemical markers in
the assessment of long-standing ulcerative colitis associated dysplasia. Rom J
Morphol Embryol, 2013. 54(1): p. 143-9.

Sklyarov, A.Y., N.B. Panasyuk, and I.S. Fomenko, Role of nitric oxide-synthase
and cyclooxygenase/lipooxygenase systems in development of experimental
ulcerative colitis. J Physiol Pharmacol, 2011. 62(1): p. 65-73.

Rachmilewitz, D., F. Karmeli, E. Okon, and M. Bursztyn, Experimental colitis is
ameliorated by inhibition of nitric oxide synthase activity. Gut, 1995. 37(2): p.
247-55.

Yue, G., P.S. Lai, K. Yin, F.F. Sun, R.G. Nagele, X. Liu, K.K. Linask, C. Wang,
K.T. Lin, and P.Y. Wong, Colon epithelial cell death in 2,4,6-
trinitrobenzenesulfonic acid-induced colitis is associated with increased
inducible nitric-oxide synthase expression and peroxynitrite production. ]
Pharmacol Exp Ther, 2001. 297(3): p. 915-25.

Rodriguez-Cabezas, M.E., J. Galvez, D. Camuesco, M.D. Lorente, A. Concha,
0. Martinez-Augustin, L. Redondo, and A. Zarzuelo, Intestinal anti-
inflammatory activity of dietary fiber (Plantago ovata seeds) in HLA-B27
transgenic rats. Clin Nutr, 2003. 22(5): p. 463-71.

Cario, E., Toll-like receptors in inflammatory bowel diseases: a decade later.
Inflamm Bowel Dis, 2010. 16(9): p. 1583-97.

Takada, Y., T. Hisamatsu, N. Kamada, M.T. Kitazume, H. Honda, Y. Oshima,
R. Saito, T. Takayama, T. Kobayashi, H. Chinen, Y. Mikami, T. Kanai, S.
Okamoto, and T. Hibi, Monocyte chemoattractant protein-1 contributes to gut
homeostasis and intestinal inflammation by composition of IL-10-producing
regulatory macrophage subset. Journal of Immunology, 2010. 184(5): p. 2671-
6.

Tsukada, Y., T. Nakamura, M. limura, B.-e. lizuka, and N. Hayashi, Cytokine
profile in colonic mucosa of ulcerative colitis correlates with disease activity
and response to granulocytapheresis. Am J Gastroenterol, 2002. 97(11): p.
2820-2828.

Mitsuyama, K., A. Toyonaga, E. Sasaki, K. Watanabe, H. Tateishi, T.
Nishiyama, T. Saiki, H. Ikeda, O. Tsuruta, and K. Tanikawa, /L-8 as an

131



CAPITULO 4

important chemoattractant for neutrophils in ulcerative colitis and Crohn's
disease. Clin Exp Immunol, 1994. 96(3): p. 432-6.

132



CONCLUSAO GERAL

133



134



CONCLUSAO GERAL

Com base nos resultados apresentados nos dois ultimos capitulos desta tese,
pode-se observar que o consumo da casca do maracuja apresenta efeitos biologicos
positivos na modulagdo da inflamag@o intestinal, modulando a microbiota intestinal de
forma a aumentar a contagem de bactérias benéficas (lactobacilos e bifidobactérias),
aumentando a producdo de acidos graxos de cadeia curta, melhorando o status

antioxidante e modulando a expressdo de marcadores inflamatorios.

A utilizagdo de subprodutos da industria de alimentos reduz o impacto ambiental
dos residuos gerados no processamento dos alimentos, além de oferecer uma matéria
prima fonte de fibras e compostos bioativos. Além disso, por se tratar de um alimento a
farinha da casca do maracuja poderia ser introduzida na dieta habitual dos pacientes,
aumentando desta forma o aporte de fibras e compostos antioxidantes, auxiliando na

prevengdo e/ou tratamento da doenca inflamatoéria intestinal.

Estudos realizados com humanos utilizando a farinha de maracuja relatam que o
sabor residual da casca pode ser um fator decisivo na adesao ao seu consumo, desta
forma a busca por novos produtos ou formulagdes que incorporem a casca seria uma
opcdo para aumentar seu consumo, ndo somente entre os pacientes com a doenga

inflamatoria intestinal, mais também entre a populagao sadia.
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