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Resunio

Introdugao: Varios metabdlitos derivados do metabolismo microbiano compdem o
metaboloma sérico dos mamiferos, tais como o indoxil sulfato (IS), p-cresil sulfato
(pCS) e o acido indol 3-acético (IAA). Na doenca renal crénica (DRC), o acumulo
destes metabdlitos tem sido associado a inflamagdo, doenca cardiovascular e
mortalidade por todas as causas. Nesse contexto, a fim de atenuar o acumulo
destes metabdlitos, os prebiodticos surgem como uma possivel estratégia. Objetivos:
Avaliar o efeito da farinha de banana verde (FBV- 48% de amido resistente) sobre os
niveis séricos de IS, pCS, IAA, marcadores inflamatérios (IL-6, TNF-a, IL-10 e PCR),
permeabilidade intestinal e sintomas gastrointestinais em individuos em programa de
didlise peritoneal (DP). Metodologia: Trata-se de um ensaio clinico randomizado,
controlado por placebo, duplo-cego, cruzado. Quarenta e trés individuos em DP
foram alocados para o grupo FBV (21 g/dia) ou placebo (amido de milho ceroso- 12
g/dia), por 4 semanas. Apos a conclusao deste periodo, os participantes passaram
por um periodo de washout de 4 semanas e na sequencia utilizaram o suplemento
oposto. As concentracdes de IS, pCS e IAA foram determinadas por cromatografia
liquida de alta performance (HPLC); os niveis séricos de IL-6, TNF-a, IL-10 foram
determinados pela tecnologia xXMAP da Luminex®; a permeabilidade intestinal foi
avaliada por meio da dosagem de endotoxinas no soro; os sintomas gastrointestinais
por meio da Escala de Avaliagdo de Sintomas Gastrointestinais (GSRS) e a ingestao
dietética por meio do registro alimentar de trés dias alternados. Resultados: Dos 43
pacientes incluidos, 26 completaram o estudo [idade= 55112 anos; homens- 53,8%;
diabetes- 34,6%; diurese residual- 84,6%; tempo em didlise peritoneal= 16 (5-31)
meses]. A FBV ndo promoveu mudangas nos niveis séricos de IS (p=0,70), pCS
(p=0,70) e IAA (p=0,74). Uma reducao no nivel sérico de IS foi observada em um
subgrupo de participantes que apresentaram uma ingestdo diaria de FBV mais
proxima da dose proposta no protocolo de estudo [n=11; placebo: mediana 79,5
pmol/L (31-142) versus FBV: 62,5 pmol/L (31-133), p= 0,009]. Dentre os periodos do
estudo, nenhuma diferenga foi observada na ingestdo alimentar habitual, na
excrecgao urinaria dos metabdlitos estudados, assim como na remogao dos mesmos
pelo processo dialitico. Nenhuma diferenga foi encontrada nos demais parametros
analisados. Conclusao: A FBV nao afetou os niveis séricos de IS, pCS e IAA.
Apenas no subgrupo de participantes que tiveram uma ingestdo diaria de FBV
proxima da dose proposta no estudo foi observada redugao no IS.
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Abstract

Introduction: Gut-derived metabolites, such as indoxyl sulfate (IS), p-cresyl sulfate
(pCS) and indole 3-acetic acid (IAA), are part of the mammalian serum metabolome.
In chronic kidney disease (CKD), the accumulation of these metabolites has been
associated to inflammation, cardiovascular disease and mortality from all causes. In
this context, prebiotics emerge as a strategy to mitigate the accumulation of such
compounds, by modulating gut microbiota and production of their metabolites.
Objectives: To evaluate the effect of unripe banana flour (UBF- 48% of resistant
starch, a prebiotic) on serum concentrations of IS, pCS and IAA and on serum
inflammatory biomarkers (IL-6, TNF-a, IL-10 e CRP), intestinal permeability and
gastrointestinal symptoms in individuals undergoing peritoneal dialysis (PD).
Methods: A randomized, double-blind, placebo-controlled, crossover trial was
conducted. Forty-three individuals on PD were randomized to sequential treatment
with UBF (21 g/day) and placebo (waxy corn starch- 12 g/day) for 4 weeks, or vice
versa. Between both interventions there was a 4-week washout. Serun concentration
of IS, pCS and IAA was determined by high performance liquid chromatography
(HPLC); serum levels of IL-6, TNF-a, IL-10 were determined by Luminex® xMAP
technology; intestinal permeability was assessed by measuring endotoxins in serum;
gastrointestinal symptoms by Gastrointestinal Symptom Rating Scale (GSRS) and
dietary intake by food record of three alternate days. Results: Of 43 individuals
randomized, 26 completed the follow-up [age= 55%12; 53.8% men; 34.6% with
diabetes; 84.6% with residual diuresis; dialysis vintage= 16 (5-31) months]. UBF did
not promote changes in serum levels of IS (p=0.70), pCS (p=0.70) e IAA (p=0.74).
Reduction in serum total IS was observed in a subgroup of participants who had a
daily UBF intake closer to that proposed in the study [n=11; placebo: median 79.5
pmol/L (31-142) versus UBF: 62.5 pmol/L (31-133), p= 0.009]. This finding was
independent of habitual dietary intake and urinary excretion and dialysis removal of
IS. No changes were observed in the other analyzed parameters. Conclusion: UBF
did not affect either the serum levels of IS or pCS and IAA, a decrease in IS was only
found in the subgroup of participants who had a daily UBF intake closer to that

proposed in the study.
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Fundamentagcdo clentifica

1.1 Doenga renal cronica

A doenga renal crénica (DRC) é um dos principais problemas de saude
publica em todo o mundo. As principais causas de DRC s&o a hipertensédo e o
diabetes. A cada ano o numero total estimado de pacientes em tratamento dialitico
no Brasil aumenta. Em 2017 o numero total de pacientes em dialise crénica no Brasil
foi estimado em 126.538, o que indica um aumento de 3% em relacédo ao ano
anterior. E em um periodo de cinco anos (2012 a 2017) o aumento foi de
aproximadamente 30% (1).

A doenga renal cronica (DRC) caracteriza-se por anormalidades estruturais ou
funcionais do rim, presentes por mais de trés meses, com implicagbes para saude. A
classificagdo da DRC é feita em seis categorias, considerando a taxa de filtragao
glomerular (TFG) em ml/min/1,73m? e marcadores de lesdo na estrutura renal:
estadio 1 (TFG = 90 + albuminuria), estadio 2 (TFG 60-89 + albuminuria), estadio 3a
(TFG 45-59), estadio 3b (TFG 30-44), estadio 4 (TFG 15-29) e estadio 5 (TFG < 15-
dependente ou ndao de didlise). A taxa de filtragdo glomerular entre 10 e 15 esta
geralmente associada a sinais e sintomas clinicos de uremia e fazem parte da
indicagao para inicio de terapia renal substitutiva (hemodialise, dialise peritoneal ou
transplante renal) (2). Da populagdo em didlise no Brasil estima-se que 91%
realizam hemodialise e 7% didlise peritoneal (1). A hemodialise (HD) compreende o
processo de transferéncia de solutos e agua entre o sangue e o liquido de dialise,
por meio de uma membrana semipermeavel artificial enquanto que na dialise
peritoneal (DP) essa troca é feita através da membrana peritoneal (3). A perda de
funcao renal residual € mais lenta na DP do que na HD. Os fatores responsaveis por
essa diferenca ndo sdo conhecidos, mas sugere-se que a hipovolemia durante as
sessdes de HD pode ser um dos principais responsaveis (4).

Como consequéncia da redugao das funcdes renais e também da propria
terapia dialitica, os individuos com DRC apresentam inUmeras complicagdes. Dentre
elas estdo a anemia, acidose metabdlica, subnutricdo, alteracbes do metabolismo
mineral e 6sseo, inflamagao crénica, imunodeficiéncia e doengas cardiovasculares
(5-7). A inflamagao crbnica parece ser um importante mediador de complicagbes
associadas a DRC, principalmente no sistema cardiovascular (8). A inflamacéo esta

associada a maior risco de obito cardiovascular e também por todas as causas de
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morte em pacientes submetidos a dialise (9). Varios marcadores inflamatérios, como
a proteina C-reativa (PCR), fator de necrose tumoral alfa (TNFa), interleucina-6 (IL-
6), sao preditores de doenga cardiovascular (10, 11). Diversos fatores contribuem
com o estado inflamatério, tais como a depuragcdo reduzida de citocinas pro-
inflamataorias, o proprio processo de dialise, estresse oxidativo, acidose metabdlica e
a toxicidade urémica (12).

Devido a redugao da funcgao renal, diversos metabdlitos que fisiologicamente
sdo excretados pelos rins séo retidos, culminando na toxicidade urémica (13). Parte
desses metabodlitos, que compdem o metaboloma sérico dos mamiferos, é
provenientes da microbiota colénica e como muitos deles sdo dependentes da
excregcao renal é esperado encontra-los também acumulados na DRC (14, 15).
Dentre eles estdo o indoxil sulfato (IS), o acido indol 3-acético (IAA) e o p-cresil
sulfato (pCS) que sdo gerados a partir da fermentagédo bacteriana dos aminoacidos
triptofano e tirosina. No colon distal, a fermentagao do triptofano resulta em indol e
IAA e a fermentagao da tirosina em p-cresol. No figado e na mucosa colénica o p-
cresol e o indol sado sulfatados, sendo assim convertidos em pCS e IS,
respectivamente (16, 17). No sangue, aproximadamente 90% desses metabdlitos
circulam ligados a albumina. Devido a ligagado ser reversivel ha um equilibrio
dinamico entre a fragdo ligada e a livre. A medida que a fragéo livre diminui a fragdo
ligada vai sendo disponibilizada (18). Por fim, no rim, a fracao livre é excretada por
meio da filtracdo glomerular e a fragdo ligada por meio de secrecao tubular (19).
Dessa forma, na DRC, a concentragcdo sérica desses compostos aumenta
gradualmente a medida que a fungao renal diminui, atingindo o nivel mais alto em
situagao de dialise (20, 21). Devido a estes compostos circularem majoritariamente
ligados a proteinas séricas, eles sdo pouco removidos no processo dialitico (21, 22).
O acumulo desses compostos tem sido associado a progressdo da DRC (23),
inflamacéao (24, 25), doenga cardiovascular (26, 27), e mortalidade por doenga
cardiovascular e por todas as causas em individuos com DRC (28-30). E em estudos
experimentais causaram efeitos deletérios em diferentes tecidos e tipos celulares
(31-37). A Figura 1 representa a produgao desses metabdlitos e a toxicidade deles
na DRC.
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Tirosina :
Fa Nk .

Fonte: Ramos, C.1., 2018 (38)
Figura 1. Representacao esquematica da producgao de p-cresil sulfato (pCS), indoxil sulfato (IS)

e acido indol 3-acético (IAA) e a toxicidade dos mesmos na DRC.

Nos ultimos anos, tem sido sugerido que alteragbes observadas na
composi¢cao da microbiota e na permeabilidade intestinal, em consequéncia da DRC,
podem também contribuir com desordens imunoldgicas e toxicidade urémica, assim
como com a progressao da doenca (39).

Nesse contexto, tem se buscado estratégias que possam modular a
microbiota intestinal e consequentemente, atenuar complicagcées associadas a DRC.
Dentre elas, destacam-se o aumento na ingestdo de alimentos fontes de fibras, o
controle da ingestdo de proteina e 0 uso de prebidticos, probidticos e simbidticos
(40).

1.2 Intestino
1.2.1 Microbiota
A microbiota intestinal humana é composta por aproximadamente 100 trilhbes
de bactérias e trés milhdes de genes bacterianos, 150 vezes mais genes do que o

genoma humano (41). Cerca de 90% das espécies bacterianas que compdem a

microbiota intestinal humana pertencem aos filos Bacteriodetes (Bacteroides,
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Prevotella e Xylanibacter) e Firmicutes (Ruminococcus, Clostridium, Lactobacillus,
Eubacterium e Faecalibacterium). Em proporgdes menores, sdo encontradas
especies pertencentes aos filos Actinobacteria, Proteobacteria, e Verrucomicrobia.
Arqueias metanogénicas, leveduras e virus também aparecem na composi¢cdo da
microbiota intestinal (41, 42). Recentemente, tem sido sugerido que um aumento na
proporgao do filo Proteobacteria, parece configurar a presenga de disbiose intestinal
(43).

A composi¢cao da microbiota intestinal apresenta grande diversidade. Cada
individuo possui uma microbiota unica e que flutua ao longo do tempo (42). Varios
fatores, internos e externos, influenciam o desenvolvimento, a composi¢cdo e a
atividade metabdlica da microbiota. Dentre eles destacam-se o tipo de parto e de
aleitamento, o contato com o meio ambiente, fatores genéticos, idade, estilo de vida,
habitos alimentares, medicacbes e a condicdo de saude do individuo (44, 45). A
composi¢cado da microbiota varia ao longo do trato gastrointestinal, e também parece
variar entre a mucosa e o lumen intestinal. A maior concentragdo de micro-
organismos e atividade metabdlica encontra-se no coélon (46). A microbiota
desempenha importantes efeitos fisiolégicos no organismo humano interagindo com
diferentes sistemas. Dentre eles a producéo de energia por meio da fermentagéo de
compostos ndo digeridos, sintese de vitaminas (47), manutengéo da integridade da
barreira intestinal (48), producéo de bacteriocinas que contribuem com a resisténcia
ou resiliéncia a infecgao por patéogenos (49) e influencia sobre o metabolismo e o
sistema imunolégico do hospedeiro (50-52). Mais recentemente, tem sido sugerido
que a microbiota intestinal também influencia o funcionamento do sistema nervoso
central do hospedeiro. Na verdade, um dialogo multidirecional entre o intestino
(microbiota, sistema imune local e sistema neuroenddécrino) e o sistema nervoso
central tem sido proposto (50, 53).

A fermentacgao bacteriana de carboidratos ndo digeridos proporciona diversos
beneficios ao hospedeiro, incluindo a manutencdo do pH intestinal adequado por
meio da producdo de acido latico, acido acético e acidos graxos de cadeia curta
(acetato, propionato e butirato). Além disso, os acidos graxos de cadeia curta sédo
fontes de energia para os colonécitos e nutrientes essenciais para os linfécitos T
reguladores (Treg). Essas células possuem um papel importante sobre a integridade
da barreira intestinal (54-56).
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Além da fermentacdo dos carboidratos, ocorre também no célon a
fermentacdo de aminoacidos que ndo foram absorvidos em por¢des superiores do
intestino. Resultam desta fermentagao produtos tais como amédnia, aminas, fendis,
inddis, tidis e acidos graxos de cadeia curta e ramificada (54). A maioria desses
metabdlitos € normalmente excretada nas fezes e na urina. Dentre esses produtos
estdo aminas biogénicas, compostos imunomoduladores e outras moléculas de
sinalizagdo que parecem estar envolvidas na regulagao do sistema imunolégico da
mucosa intestinal, por meio de mecanismos pré e anti-inflamatérios (17, 57).

Dentre as bactérias que colonizam o intestino humano, ha espécies que
preferencialmente fermentam carboidratos e utilizam os aminoacidos para o
crescimento e outras que preferencialmente fermentam aminoacidos para obter
energia. O tipo e a quantidade de substrato disponivel no intestino exercem um
efeito modulador importante sobre a composicado e o metabolismo microbiano. A
relagéo entre a ingestdo de fibra e proteina parece ser um dos principais fatores da
alimentagao que influenciam a composi¢cdo e o metabolismo microbiano colénico
(58-60). Uma ingestdo maior de fibras e menor de proteina foi associada a uma
menor produgcdo de metabdlitos provenientes da fermentagdo de aminoacidos, tais
como p-cresil sulfato e indoxil sulfato, em individuos saudaveis (61).

Além dos componentes dietéticos, outros fatores também podem influenciar a
composi¢cao e o metabolismo da microbiota intestinal, tais como pH intestinal,
medicagao, tempo de transito intestinal, genética do hospedeiro e a presenca de
doencas. Dessa forma, a quantidade e o tipo de metabdlitos produzidos pela
microbiota intestinal, assim como a composicado da mesma é resultado de interacdes
complexas entre a microbiota, o hospedeiro e o meio intestinal, onde a dieta tem um

papel central (54, 62).

1.2.2 Barreira intestinal

O trato gastrointestinal funciona como uma barreira entre 0 meio externo e
interno do corpo. Conforme mencionado anteriormente, o intestino abriga uma
comunidade complexa e dindmica de microrganismos comensais, 0 que implica em
uma constante exposicdo da superficie da mucosa intestinal a uma grande

quantidade de bactérias. A fim de manter uma relacdo de simbiose entre o
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hospedeiro e a microbiota, o sistema imune gastrointestinal desempenha inumeras
atividades. O revestimento epitelial atua como primeira linha de defesa do sistema
imune da mucosa, tanto no que diz respeito a protegcdo contra invaséo bacteriana
como a tolerancia a microrganismos comensais. As células epiteliais, por meio de
estruturas de adesao e de juncéo celular, constituem uma barreira fisica contra a
entrada de bactérias do lumen ao mesmo tempo em que formam uma barreira
seletivamente permeavel, permitindo a passagem de nutrientes, ions e agua (63-65).
Estimulos fisiolégicos ou até mesmo patologicos regulam a permeabilidade
intestinal, por meio de modificagbes nas estruturas envolvidas nos mecanismos de
adesao e juncdo celular (63). As juncgdes ocludentes, também conhecidas como
“tight junctions” ou “zonula occludens”, se dispdem em forma de cinturdo ao redor da
porcao apical da célula epitelial e tem como fungao limitar a difusdo passiva de ions
e pequenas moléculas através do espaco intercelular, controlando assim o
transporte paracelular. Nutrientes, hormdnios, citocinas pro-inflamatérias e
componentes bacterianos podem regular as jungdes ocludentes e, por
consequéncia, alterar a permeabilidade do epitélio (66). Além dos enterécitos e
colondcitos, outros tipos celulares constituem o epitélio intestinal e também
contribuem com a funcdo de barreira do epitélio. Dentre eles, estdo células
caliciformes secretoras de muco, células de Paneth que secretam peptideos
antimicrobianos, células M apresentadoras de antigenos e células enteroendocrinas
que produzem e secretam hormonios peptidicos. A atividade e a comunicacao
dessas células com as células imunoldgicas localizadas na mucosa intestinal
permitem a identificacdo de componentes presentes no Ilumen intestinal e a
modulagdo de diversas atividades, tanto no intestino como em outras partes do
corpo, como por exemplo, a secrecao de muco, a motilidade intestinal e aspectos do
sistema imunoldgico e do metabolismo energético do hospedeiro (67, 68).

Um equilibrio rigoroso entre respostas pré e anti-inflamatérias é essencial
para a manutencao da relagdo de simbiose entre o hospedeiro e a microbiota e por
consequéncia para a integridade da barreira intestinal. As células T reguladoras
(Treg) exercem um papel central sobre este equilibrio. Por meio da secrecéo de
interleucina-10 (IL-10), as células Treg atuam sobre diferentes tipos celulares
atenuando respostas pré-inflamatérias (65, 69). Conforme mencionado

anteriormente, produtos do metabolismo microbiano também contribuem com a
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dindmica de manutencdo da barreira intestinal, uma vez que determinados
metabdlitos possuem efeitos imunomoduladores, como por exemplo, os acidos
graxos de cadeia curta, que geram respostas anti-inflamatoérias sobre diferentes
tipos celulares e também parecem contribuir com o desenvolvimento de células Treg
(56). Inter-relagcbes complexas entre diferentes tipos celulares e a microbiota
intestinal garantem a manutencao de uma relagéo equilibrada entre o hospedeiro e a

microbiota.

1.3 Intestino na DRC

1.3.1 Microbiota intestinal na DRC

A DRC vem sendo associada a alteragdes na composicdo da microbiota
colénica. Diferencas significativas na abundancia de diversas unidades taxonémicas
operacionais microbianas (OTUs) foram observadas quando comparou-se a
composi¢cao da microbiota fecal de individuos com DRC com individuos sem
comprometimento de fungdo renal. Um aumento de espécies bacterianas
pertencentes aos filos Proteobacteria, Firmicutes e Actinobacteria foi encontrado nos
individuos com DRC. Dentre as 19 familias bacterianas dominantes nesses
pacientes, 12 possuem bactérias produtoras de urease, 5 de uricase e 3 sao
produtoras de enzimas formadoras de indol e p-cresol. Dentre as 4 familias
reduzidas nesses pacientes estdo duas que possuem bactérias produtoras de
enzimas envolvidas na produgdo de butirato (70). Resultado semelhante foi
encontrado em outro estudo em que também se observou redugao significativa em
duas espécies produtoras de butirato (Roseburia spp. e Faecalibacterium prausnitzii)
em individuos com DRC (71). Indiretamente, essas alteragbes sugerem a
configuracdo de uma microbiota com maior capacidade de produzir toxinas urémicas
e deficitaria na producdo de metabdlitos benéficos, como o butirato. No entanto,
alteracbes na composicdo da microbiota ndo implicam necessariamente em
alteragbes no metabolismo colénico (42). Além disso, o aumento de bactérias
produtoras de determinadas enzimas também n&o implica necessariamente em uma
atividade maior dessas enzimas e por consequéncia mudanca no perfil metabdlico
(72).
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Até o momento, ha poucos estudos que avaliaram a influéncia da DRC sobre
o metabolismo coldnico. Recentemente, em um estudo bem desenhado nos
diferentes estagios da doenga, ndo se observou aumento de p-cresol e indol nas
fezes dos individuos com DRC em relacédo aos individuos sem alteragao de funcéo
renal. Além disso, a partir de cultura ex vivo das amostras fecais também nao foi
encontrada diferenca na taxa de producao desses metabdlitos entre os individuos
com DRC e os individuos sem a doenga (73).

Conforme mencionado anteriormente, na populagdo geral a dieta € um
importante modulador do metabolismo coldnico. Na DRC, a dieta também parece ser
o principal determinante do perfil metabdlico da microbiota intestinal. Poesen et al.
(74), investigando o perfil metabdlico fecal de individuos em hemodialise em relagcéao
ao perfil metabdlico de individuos sem DRC e individuos sem DRC que moravam na
mesma casa que os pacientes, compartilhando os mesmos habitos alimentares,
observou diferengas no perfil metabdlico dos individuos em HD apenas quando os
comparou com os individuos sem DRC nao relacionados aos pacientes, sugerindo

indiretamente o importante impacto da dieta.

1.3.2 Barreira intestinal na DRC

Ha evidéncias indiretas que associam a DRC com danos a barreira intestinal,
ou seja, aumento de permeabilidade intestinal (75), tais como presenca de
endotoxemia na auséncia de infecgbes (76, 77) e deteccao de DNA possivelmente
de origem colbénica no sangue (78, 79).

Por meio de estudos experimentais com animais, tem-se investigado os
possiveis mecanismos envolvidos no aumento da permeabilidade intestinal em
condi¢cao de DRC. Vaziri et al. (80), em um estudo com ratos urémicos, observaram
danos importantes na barreira intestinal, acompanhados de redugdes de 50 a 90%
na quantidade de proteinas das jung¢des ocludentes na mucosa colonica. A fim de
investigar se o comprometimento das estruturas das jung¢des ocludentes poderia ser
decorrente do acumulo de compostos urémicos, o mesmo grupo de pesquisadores
incubou colondcitos humanos com plasma de individuos saudaveis e com plasma
urémico pré e pos-sessado de hemodialise. O soro urémico em ambas condigdes (pré

e pos-HD) levou a reducdo expressiva das proteinas das jungdes ocludentes,
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indicando que compostos presentes no plasma urémico parecem estar envolvidos
no processo de disfuncdo da barreira intestinal causado pela uremia (81). No
entanto, esse mecanismo ainda é controverso. Em um estudo similar, realizado por
nosso grupo, utilizando a mesma linhagem de células, ndo foi observado impacto
negativo do soro urémico (82). E possivel que a microbiota faca parte dos
mecanismos envolvidos no dano a barreira intestinal. Tem sido sugerido que a
catalisagcéo da ureia em amonia pelas bactérias colbnicas que produzem a enzima
urease afeta negativamente as células do epitélio intestinal. Em um estudo in vitro
onde células intestinais foram incubadas com ureia em presenga de urease
observou-se uma acentuada queda na expressdo de proteinas das jungdes
ocludentes e na permeabilidade do epitélio (83). Na DRC parece haver um alto
influxo de ureia para o trato gastrointestinal, o que pode favorecer a produgado de
altas quantidades de aménia (84). Uma vez que a microbiota intestinal faz parte do
processo de manutencgao da integridade da barreira intestinal, considera-se também
que as alteragdes observadas na composicao da microbiota de individuos com DRC,
assim como uma possivel redugdo na produgcao de acidos graxos de cadeia curta
podem também contribuir com o aumento da permeabilidade intestinal (85).

Apesar de todos esses estudos experimentais, em individuos com DRC a
presenca de aumento na permeabilidade intestinal ainda permanece desconhecida.
A avaliagao da permeabilidade intestinal por meio de métodos n&o invasivos ainda é
um desafio em estudos clinicos na DRC. Nao ha métodos validados e alguns dos

métodos sao influenciados pela fungao renal (75).
1.4 Intervengoes com foco no intestino e na microbiota intestinal na DRC

Considerando o impacto negativo que a DRC parece exercer sobre o intestino
e a microbiota intestinal e o fato de que toxinas urémicas associadas com diversas
complicagbes na DRC sdo provenientes do metabolismo coldnico, estudos a fim de
modular a microbiota intestinal e reduzir a produ¢cao de determinados metabdlitos
tem sido desenvolvidos. O aumento da ingestéao de fibra (86), o controle da ingestao
de proteina (87-89) e a suplementagdo com prebidticos, probiodticos (90, 91) e
simbidticos (92, 93) tem se destacado nesse contexto. No presente trabalho, o foco

sera dado ao aumento da ingestéao de fibra e a suplementagdo com prebidticos.
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Prebiodticos sado substratos utilizados seletivamente por microorganismos do
hospedeiro conferindo beneficios a saude. Dentre estes substratos estdo as fibras
alimentares facilmente fermentaveis, tais como a inulina, fruto-oligossacarideos
(FOS), galacto-oligossacarideos (GOS) e amido resistente. Esses carboidratos nao
digeriveis quando atingem o colon sado fermentados pelas bactérias coldnicas, o que
Ihes confere a capacidade de alterar a composicdo e a atividade metabdlica da
microbiota intestinal e consequentemente beneficiar a saude do hospedeiro (94, 95).
Em individuos saudaveis, o uso de prebidticos parece ser capaz de reduzir a
producdo microbiana de pCS e IS (96). Na DRC, apesar do crescente interesse no
assunto, ainda ha poucas evidéncias sobre o impacto dos prebidticos sobre os
niveis séricos de toxinas urémicas, tais como o pCS, IS e IAA (97). Conforme é
possivel observar na Tabela 1, onde estao apresentados os estudos com diferentes
tipos de prebidticos na DRC, poucos deles tiveram como objetivo avaliar o impacto
sobre o0s niveis seéricos de pCS e IS e os resultados sdo heterogéneos.
Recentemente, a suplementacdo com amido resistente surgiu como uma
possibilidade de reduzir a produgao de IS pelas bactérias coldnicas, producado essa

que nao parece ser afetada por outros tipos de prebidticos (Tabela 1).

1.4.1 Amido resistente e farinha de banana verde

O amido é um carboidrato polimérico produzido e armazenado em varios
vegetais como fonte de energia. Os granulos de amido sao formados por dois
polissacarideos, amilose e amilopectina. Ambos sao constituidos por moléculas de
a-glicose. A amilose € um polimero linear enquanto a amilopectina é altamente
ramificada. Devido as ramificagdes a amilopectina € facilmente hidrolisada pela
enzima pancreatica a-amilase. A proporcdo de amilose:amilopectina no amido
influencia a digestibilidade do amido. Quanto maior a propor¢do de amilose para
amilopectina menor sera a digestibilidade do amido (98).

O amido resistente (AR) é definido como amido e produtos da hidrdlise do
amido que nao sao absorvidos no intestino delgado (99). O termo amido resistente
envolve cinco tipos de amido: AR1, fisicamente inacessivel a enzima digestiva,
presente em graos inteiros ou parcialmente moidos; AR2, granulos de amido

resistentes a hidrolise enzimatica, encontrado na batata crua, banana verde e no
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amido de milho com alto teor de amilose; AR3, amido retrogradado, presente em
alimentos cozidos e resfriados (ex.: batata cozida) e em alimentos processados, tais
como paes e cereais matinais a base de flocos de milho; AR4, amido quimicamente
modificado, formado por meio da adicao de ésteres e éteres, presente em alimentos
industrializados; AR5, complexo amilose-lipideo, resistente a hidrélise enzimatica
(100, 101).

A disponibilidade de AR no célon parece favorecer a manuten¢do de uma
microbiota intestinal saudavel, modulando a composicdo e atividade metabdlica
dessa microbiota (102-105). A fermentacdo desse carboidrato n&o digerivel resulta
na producdo de acidos graxos de cadeia curta (acetato, propionato e butirato) (106,
107). Além dos beneficios citados anteriormente, os acidos graxos de cadeia curta,
também atuam sobre o metabolismo de carboidratos e lipidios (108). Diversos
pesquisadores tém encontrado efeitos positivos da ingestdo de AR sobre os niveis
séricos de colesterol (109), balanco de energia (110, 111) e sobre a sensibilidade a
insulina (112, 113).

Dentre os alimentos com quantidade significativa de AR, destaca-se a farinha
de banana verde (FBV), que apresenta cerca de 50% desse carboidrato (114). Até o
momento, ha poucos estudos que avaliaram os potenciais beneficios do uso da FBV
para a saude (115). Na DRC, em um estudo com individuos em hemodialise, com
diabetes e constipacdo, observou-se melhora do funcionamento intestinal, redugao
dos sintomas de desconforto gastrointestinal e redugao na glicemia de jejum, com o
uso de 11,3 g de FBV (5 g de AR), trés vezes por semana, ao longo de seis
semanas (116).

Considerando o alto teor de amido resistente da FBV, somado a grande
disponibilidade de banana no Brasil e ao baixo custo de produgao da farinha (117), a
mesma parece ser uma estratégia interessante a ser usada no contexto da DRC, a
fim de modular a microbiota intestinal e reduzir a produgdao de determinados
metabdlitos, derivados do metabolismo colénico, que se acumulam em

consequéncia a perda da fungao renal.
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Tabela 1. Intervengdes com fibras e prebiéticos a fim de modular a microbiota e a produgéo de toxinas urémicas na presen¢ca de DRC

Autores, ano

Desenho e populagao
do estudo

Objetivo

Intervengao

Resultados

Limitagoes

Bliss et al., 1996 (118)

Younes et al., 2006
(119)

Meijers et al., 2010
(120)

Salmean et al., 2013
(121)

Sirich et al., 2014 (122)

Estudo clinico
randomizado,
controlado por placebo,
cruzado.

Fase nao dialitica
(n=16)

Estudo clinico
randomizado,
controlado, cruzado.
Fase nao dialitica (n=9)

Estudo clinico ndo
controlado.
Hemodialise (n=20)

Estudo clinico ndo
controlado.

Fase nao dialitica
(n=13)

Estudo clinico
randomizado,
controlado.
Hemodialise (n=40)

Avaliar o efeito da
intervengao sobre a
ureia sérica, excregao
fecal de nitrogénio e
massa bacteriana nas
fezes.

Avaliar o efeito da
intervengao sobre a
excrecao urinaria e
fecal de nitrogénio.

Avaliar o efeito da
intervengao sobre os
niveis séricos de pCS e
IS.

Avaliar o efeito da
intervengao sobre os
niveis séricos de ureia
e creatinina.

Avaliar o efeito da
intervencao sobre os
niveis séricos de pCS e
IS.

Goma arabica- 50 g/dia
4 semanas

Pao integral (25 g de
fibra) + 4.5 g de inulina
+10.5 g de AR/dia
5 semanas

Oligofrutose + inulina-
20 g/dia
4 semanas

Biscoitos e barras de
cereais fornecendo 23
g de fibra/dia (fibra de
casca de ervilha, fibra
de milho e inulina).
4 semanas

30 g de Hi-
Maize®260/dia (18 g de
AR/dia)

6 semanas

1 peso fecal e massa
bacteriana,

1 excregéao fecal de
nitrogénio,

| 11% ureia sérica

1 55% excregéao fecal
de nitrogénio,

| 12% excregao
urinaria de nitrogénio,
| 23% ureia sérica,

1 51% peso fecal

| 20% pCS sérico

| ureia sérica

IS sérico ndo mudou.

| 10.6% ureia sérica
| creatinina sérica

1 27% IS livre sérico

1 17% 1S total sérico
Tendéncia | pCS livre
Sem diferencgas no pCS
total e na ureia sérica.

Tamanho amostral

Tamanho amostral
Auséncia de placebo

Tamanho amostral
Auséncia de grupo
controle.

Controle de ingestao
alimentar nao foi
relatado.

Tamanho amostral
Auséncia de grupo
controle

Tamanho amostral.
Controle de ingestao
alimentar nao foi
relatado.
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Tabela 1. Intervengdes com fibras e prebiéticos a fim de modular a microbiota e a produgéo de toxinas urémicas na presen¢ca de DRC

Desenho e populagao

Autores, ano do estudo Objetivo Intervengao Resultados Limitagoes
Khosroshahi et al., Estudo clinico néo Avaliar o efeito da 90 mL de xarope de Sérico: Auséncia de grupo
2014 (123) controlado. intervengao sobre lactulose | ureia controle.

Fase nao dialitica parametros 8 semanas | creatinina Controle de ingestao
(n=40) bioguimicos. | acido urico alimentar nao foi

Salmean et al., 2015
(124)

Xie et al., 2015 (125)

Poesen et al., 2016
(126)

Estudo clinico ndo
controlado.

Fase nao dialitica
(n=13)

Estudo clinico
randomizado,
controlado por placebo.
Hemodidlise (n=124)

Estudo clinico
randomizado,
controlado por placebo,
duplo-cego, cruzado.
Fase nao dialitica
(n=39)

Avaliar o efeito da
intervengao sobre o
nivel sérico de p-cresol,
a frequéncia de
evacuagodes € a
qualidade de vida.

Avaliar o efeito da
intervengao sobre
marcadores

inflamatérios e de
estresse oxidativo.

Avaliar o efeito da
intervengao sobre
toxinas urémicas
derivadas do
metabolismo
microbiano colénico e
sobre a resisténcia a
insulina.

Muffins com 10 g de
fibra de casca de
ervilha + 15 g de inulina
12 semanas

10 g ou 20 g de fibra
soluvel (ndo
especificada)

6 semanas

20 gde
oligossacarideos de
arabinoxilano
4 semanas

| B2-microglobulina relatado.
Tamanho amostral.
Auséncia de grupo
controle.

| 20% pCS sérico

1 frequéncia de
evacuacgdes

Sem diferengas no
escore de qualidade de
vida e nivel sérico de
ureia e creatinina.

Com as duas doses
utilizadas:

| TNF-q, IL-6, IL-8 e
PCR

Melhora do perfil
lipidico e nos
marcadores de
estresse oxidativo.

| TMAO

Nao houve diferengas
nos niveis séricos de
pCS, IS, PAG e ureia.
HOMA-IR também ndo
mudou.
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Tabela 1. Intervengdes com fibras e prebiéticos a fim de modular a microbiota e a produgéo de toxinas urémicas na presen¢ca de DRC

Autores, ano

Desenho e populagao
do estudo

Objetivo

Intervengao

Resultados

Limitagoes

Khosroshahi et al.,
2016 (127)

Elamin et al., 2017
(128)

Ramos et al., 2018
(129)

Khosroshahi et al.,
2018 (130)

Estudo clinico
randomizado,
controlado por placebo.
Fase nao dialitica
(n=32)

Estudo clinico nao
controlado.

Fase nao dialitica
(n=30)

Estudo clinico
randomizado,
controlado por placebo,
duplo-cego.

Fase nao dialitica
(n=46)

Estudo clinico
randomizado,
controlado por placebo,
duplo-cego.
Hemodialise (n=44)

Avaliar o efeito da
intervengao sobre a
microbiota fecal.

Avaliar o efeito da

intervengao sobre os
niveis séricos de ureia,

toxinas urémicas e
marcadores
inflamatorios.

Avaliar o efeito da
intervengao sobre
toxinas urémicas
derivadas do
metabolismo
microbiano colénico
(pCS, IS e IAA).

Avaliar o efeito da
intervengao sobre
marcadores

inflamatorios e de
estresse oxidativo.

90 mL de xarope de
lactulose
8 semanas

109,20 gou40gde
Goma arabica
4 semanas

FOS- 12 g/dia
12 semanas

Biscoitos com 25 g de
Hi-Maize®260/dia (15 g
de AR)

8 semanas

| creatinina sérica
1 Bifidobacterium e
Lactobacillus na
microbiota fecal.

| PCR apenas no grupo
com 10 g de goma
arabica.

Nao houve diferengas
nas outras variaveis
analisadas.

Tendéncia | pCS sérico
Nao houve diferengas
nos niveis séricos de IS
e IAA, na excregao
urinaria de pCS, IS e
IAA e nos marcadores
inflamatoérios avaliados.

| TNF-q, IL-6 e MDA
| ureia e creatinina
Nao houve diferengas
nos niveis séricos de
IL-18 e PCR e na
atividade antioxidante
total.

Controle de ingestao
alimentar nao foi
relatado.

Tamanho amostral.
Auséncia de grupo
controle.

Controle de ingestao
alimentar nao foi
relatado.

Tamanho amostral

Tamanho amostral
Controle de ingestéao
alimentar nao foi
relatado.
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Tabela 1. Intervengdes com fibras e prebiéticos a fim de modular a microbiota e a produgéo de toxinas urémicas na presen¢ca de DRC

Desenho e populagao

Autores, ano do estudo Objetivo Intervengao Resultados Limitagoes
Hill et al., 2019 (131) Estudo clinico néo Avaliar a viabilidade de Beta-glucana de aveia- | TMAO sérico Tamanho amostral.
controlado. ingestao do produto 3 g/dia Nao houve diferengas Auséncia de grupo
Fase nao dialitica oferecido e o efeito 12 semanas nos niveis séricos de controle.
(n=18) sobre toxinas urémicas ADMA, Klotho, calcioe  Controle de ingestao

Laffin et al., 2019 (132)

Khosroshahi et al.,
2019 (133)

Estudo clinico
randomizado,
controlado por placebo,
duplo-cego.
Hemodialise (n=20)

Estudo clinico
randomizado,
controlado por placebo,
duplo-cego.
Hemodialise (n=44)

e marcadores do
metabolismo mineral e
osseo.

Avaliar o efeito da
intervengao sobre
géneros bacterianos
especificos que
parecem estar
reduzidos em
individuos com DRC.

Avaliar o efeito da
intervengao sobre o
nivel sérico de toxinas
urémicas.

Biscoitos com 25 g de
Hi-Maize®260/dia (15 g
de AR)

8 semanas

Biscoitos com 25 g de
Hi-Maize®260/dia (15 g
de AR)

8 semanas

fosforo.

1 Faecalibacterium

Nao houve diferenga na
abundancia de
Bifidobacteria,
Prevotella,
Parabacteroides e
Ruminococcus

| creatinina e acido
urico

| p-cresol apenas
dentro do grupo
intervengao. Nao houve
diferenga entre o
placebo e a
intervencao.

IS sérico também nao
mudou.

alimentar nao foi
relatado.

Tamanho amostral.
Controle de ingestao
alimentar nao foi
relatado.

Analise da microbiota
realizada nao
comtempla o impacto
da intervencéao sobre
outros grupos
bacterianos que fazem
parte da microbiota.

Tamanho amostral.
Controle de ingestéao
alimentar nao foi
relatado.
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Tabela 1. Intervengdes com fibras e prebiéticos a fim de modular a microbiota e a produgéo de toxinas urémicas na presen¢ca de DRC

Autores, ano

Desenho e populagao
do estudo

Objetivo

Intervengao

Resultados

Limitagoes

Xiong et al., 2020 (134)

Esgalhado et al., 2020
(135)

Estudo clinico
randomizado,
controlado por placebo,
duplo-cego, cruzado.
Dialise peritoneal
(n=15)

Estudo clinico
randomizado,
controlado por placebo,
duplo-cego, cruzado.
Hemodialise (n=26)

Avaliar o efeito da
intervengao sobre os
niveis de indole e p-
cresol fecal, IS e pCS
Séricos e composicao
da microbiota fecal.

Avaliar o efeito da
intervengao sobre a
inflamacéo e toxinas
urémicas derivadas do
metabolismo
microbiano intestinal.

Inulina- 10 g/dia
12 semanas

Sessao HD- Biscoitos
(9 unidades) com 16 g
de AR
Dias sem HD- 27 g de
Hi-Maize®260 (16 g de
AR)

4 semanas

Tendéncia | indole
fecal

| Bacteroides
thetaiotaomicron
(espécie produtora de
indole)

Nao houve diferencga
nos niveis séricos de IS
e pCS.

| 1S sérico

Em células
mononucleares do
sangue:

1 Nrf2 (expresséao
génica)

Porém nao houve
diferenca na
quantificagdo da
proteina Nrf2.

Nao houve diferenga
nos niveis séricos de
pCS, IAA, PCR e IL-6.

Tamanho amostral

O método utilizado para
analisar a composigao
da microbiota fecal é
limitado em relagao a
avaliagao de espécies
microbianas.

Tamanho amostral

AR- amido resistente; FOS- frutooligossacarideos; pCS- sulfato de p-cresil; IS- sulfato de indoxil; IAA- &cido indol3-acético; TMAO- N-6xido de trimetilamina;
PAG- fenilacetilglutamina; ADMA- dimetilarginina assimétrica; TNF-a- fator de necrose tumoral alfa; IL-6- interleucina-6; IL-8- interleucina-8; IL-1B-
interleucina-1 beta; PCR- proteina C-reativa; Nrf2- fator nuclear eritroide 2-relacionado ao fator 2; MDA- malondialdeido; HOMA-IR- modelo de avaliagao da
homeostase para resisténcia a insulina; HD- hemodialise.
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Objetivos

2. Objetivo primario

Avaliar o efeito do uso da farinha de banana verde (FBV) sobre os niveis
séricos de indoxil sulfato (I1S), p-cresil sulfato (pCS) e acido indol3-acético (IAA) em

individuos em dialise peritoneal.

2.1 Objetivos secundarios:

Avaliar o efeito do uso da FBV sobre:
> niveis séricos de marcadores inflamatérios: proteina C-reativa (PCR),
fator de necrose tumoral alfa (TNF-a), interleucina-6 (IL-6) e
interleucina-10 (IL-10);
» nivel sérico de lipopolissacarideo (LPS);

» sintomas gastrointestinais.
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Abstract

Background & Aims: Gut-derived metabolites, such as indoxyl sulfate (IS), p-
cresyl sulfate (pCS) and indole 3-acetic acid (IAA), are part of the mammalian
serum metabolome. In chronic kidney disease (CKD), the accumulation of these
metabolites has been associated to inflammation, cardiovascular disease and
mortality. In this context, prebiotics emerge as a strategy to mitigate the
accumulation of such compounds, by modulating gut microbiota and production
of their metabolites. The aim of this study was to evaluate the effect of unripe
banana flour (UBF- 48% of resistant starch, a prebiotic) on serum
concentrations of IS, pCS and IAA in individuals undergoing peritoneal dialysis
(PD). Methods: A randomized, double-blind, placebo-controlled, crossover trial
was conducted. Forty-three individuals on PD were randomized to sequential
treatment with UBF (21 g/day) and placebo (waxy corn starch- 12 g/day) for 4
weeks, or vice versa. Between both interventions there was a 4-week washout.
The primary outcomes were serum levels of IS, pCS and IAA. Secondary
outcomes were 24h urine excretion and dialysis removal of IS, pCS and IAA,
serum inflammatory markers (hsCRP, IL-6, IL-10 and TNF-a), serum LPS,
dietary intake and gastrointestinal symptoms. Results: Of 43 individuals
randomized, 26 completed the follow-up [(age= 55+12 years; 53.8% men,;
34.6% with diabetes; 84.6% with residual diuresis; dialysis vintage= 16 (5-31)
months]. UBF did not promote changes in serum levels of IS (p=0.70), pCS
(p=0.70) and IAA (p=0.74). Taking into account the adherence to the
supplement, reduction in serum total IS was observed in a subgroup of
participants who had a daily UBF intake closer to that proposed in the study
[n=11; placebo: median 79.5 ymol/L (31-142) versus UBF: 62.5 pmol/L (31-
133), p= 0.009]. This finding was independent of habitual dietary intake, urinary
excretion and dialysis removal of IS. No changes were observed in other
secondary outcomes. Conclusions: UBF did not promote changes in serum
levels of IS or pCS and IAA, a decrease in IS was only found in the subgroup of
participants who had a daily UBF intake closer to that proposed in the study.

Trial Registration www.ensaiosclinicos.gov.br ID number: RBR-4xxwwj

Keywords
Unripe banana flour, uremic toxins, gut, prebiotic, chronic kidney disease
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Introduction

Numerous metabolites that normally are part of the mammalian serum
metabolome are derived from metabolism of gut microbiota [1, 2]. Among them,
indoxyl sulfate (IS), indole 3-acetic acid (IAA) and p-cresyl sulfate (pCS) are
generated from bacterial fermentation of amino acids tryptophan and tyrosine.
In the distal colon, fermentation of tryptophan results in indole and IAA and the
result of tyrosine fermentation is p-cresol. By sulfate conjugation in the liver and
in colonic mucosa p-cresol and indole are converted into pCS and IS,
respectively [3, 4]. In the circulation, more than 90% of these compounds are
bound to proteins and are excreted by the kidneys [5, 6]. In chronic kidney
disease (CKD), due to gradual loss of kidney function, several compounds are
retained, including those derived from the gut microbiome. Serum concentration
of these compounds increases gradually as renal function decreases, reaching
the highest level in dialysis [7, 8]. Since they are bounded to serum protein,
their dialytic clearance is low [8, 9]. Accumulation of these uremic toxins has
been associated with progression of CKD [10], inflammation [11, 12],
cardiovascular disease [13, 14] and mortality from cardiovascular disease and
all causes in individuals with CKD [15-17].

Studies have shown that CKD is associated with altered colonic
microbiota composition [18-21]. Among these changes, increased bacterial
families with producers of indole and p-cresol were observed, suggesting a
potentially upregulated microbiota in the production of these metabolites [19].
However, changes in the composition of the microbiota do not necessarily
implicate in alterations in microbial metabolism [22]. Recently, in a well-
designed study, it was demonstrated that the gut microbiota production of these
metabolites does not change as renal function decreases [23].

Diet seems to be the main determinant of the gut microbial metabolism
[24]. The type and amount of substrate that reach the human colon are key
modulators of bacterial composition and metabolism. A greater availability of
carbohydrates in relation to nitrogen compounds favors the growth of bacteria
that preferentially ferment carbohydrates over the fermentation of nitrogenous
compounds, resulting in beneficial changes in the gut microbiota composition
and in the pattern of metabolites produced [25-27]. A markedly lower production
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of IS and pCS was associated with lower protein and higher fiber intake in
vegetarians individuals [28]. In individuals with CKD, a positive correlation
between dietary protein-fiber ratio and serum levels of IS and pCS was
observed [29]. Due to dietary restriction of fruit, vegetables and legumes to
control hyperkalemia, low fiber intake is frequent among individuals with CKD
[30, 31], what may favors the fermentation of amino acids and consequently
contributing to accumulation of IS and pCS.

In this context, prebiotics emerge as a strategy to mitigate the
accumulation of these compounds, by modulating the gut microbiota and
production of metabolites towards lower amino acids fermentation. Prebiotics
are substrates selectively utilized by host microorganisms providing health
benefits. Among them are fermentable dietary fibers, such as inulin, fructo-
oligosaccharides (FOS), galacto-oligosaccharides (GOS) and resistant starch
(RS). When these undigested carbohydrates reach the colon, they are
fermented by specific colon bacteria, which lead to changes in the composition
and metabolic activity of the gut microbiota, benefiting the health of the host [32,
33]. To date, there is a paucity of well-designed studies about prebiotics impact
on serum levels of gut-derived uremic toxins in CKD. Among the studies
conducted so far, the impact on pCS levels is more common than on IS.
Recently, RS has emerged as a possibility to reduce microbial production of IS
[34, 35]. In two studies with patients undergoing hemodialysis, the use of RS
resulted in reduction of IS serum levels [34, 36]. Among foods with significant
amount of RS, the flour obtained from unripe banana, that contains about 50%
of RS may represent a potential option to provide large amounts of prebiotic
[37]. Adding to that, the great availability of bananas in Brazil and the low cost
of flour production, unripe banana flour (UBF) may be an attractive foodstuff to
be used in the CKD setting [38].

In this sense, we tested for the first time whether providing UBF to
individuals with CKD undergoing peritoneal dialysis would reduce the serum
gut-derived uremic toxins (IS, pCS and IAA).
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Materials and Methods

This is a randomized, double-blind, placebo-controlled, crossover trial.
The study was approved by the Ethics Committee of Universidade Federal de
Sao Paulo (UNIFESP, Sao Paulo, Brazil) and registered at the Brazilian Clinical
Trials Registry (RBR-4xxwwj). Written informed consent was obtained from

each participant.

Study population

Patients undergoing automated peritoneal dialysis (APD) from Fundagéao
Oswaldo Ramos outpatient clinic (Sdo Paulo, Brazil), aged 18-80 years, with a
dialysis vintage of at least three months and adherent to dialysis treatment were
invited to participate in the study. The exclusion criteria were the use of
prebiotics, probiotics, synbiotics and antibiotics one month before the beginning
of the study, presence of inflammatory bowel diseases, stomach or bowel
resection, liver cirrhosis, cancer, human immunodeficiency virus, peritonitis in
the last month, pregnancy and breastfeeding.

Participants were discontinued from the study if they presented any
gastrointestinal intolerance even after dose adjustments, were hospitalized,
started antibiotic therapy, underwent kidney transplant or wished to be

withdrawn.

Intervention

The UBF was prepared in the Food Research Center (FORC) of the
Universidade de Sao Paulo (USP) with the unripe banana pulp, Musa
acuminata (group AAA), subgroup Cavendish, at the first stage of maturation
(unripe), not subjected to a maturation chamber and purchased at a local
market. The production of UBF was performed in accordance with the patented
process (Pl 0705778-4) proposed by Tribess et al. [38] to preserve resistant
starch (RS). RS and total starch (TS) present in the UBF were quantified by the
AOAC 2002.02 method [39] and the method described by Cordenunsi and
Lajolo [40], respectively. The flour produced contained approximately 48%
resistant starch. In addition to resistant starch, UBF has other types of fibers
(about 7%) and small amounts of phytosterols and polyphenols [37]. Regarding
the potassium content, in 100 g of UBF there are approximately 1133 mg of
potassium. Waxy corn starch (Amioca) supplied by Ingredion Incorporated
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(Ingredion Brasil Ingredientes Industriais Ltda., Sdo Paulo, Brazil) was used as
placebo.

Supplements were packaged in identical sachets and identified by the
numbers 225 and 653 in a handling pharmacy, under the responsibility of a
pharmacist (Magister Pharmacy, Sao Paulo, Brazil). Each UBF sachet
contained 10.5 g of flour (5 g of RS) and the placebo sachets contained 6 g
waxy corn starch. The amount of placebo was defined in order to provide the
similar amount of energy in relation to UBF (21 kcal/sachets).

The initial dose of both interventions was one sachet per day. After the
three initial days, in the absence of adverse effects, participants were advised to
double the daily amount of each supplement. In the presence of difficulties to
take the proposed final dose (two sachets daily), such as any adverse
gastrointestinal symptom, the participant was maintained in the study with the
tolerable dose. Participants were advised to take the supplements during meals,
mixed in any drink or food at low to moderate temperature in order to preserve

the resistant starch.

Study protocol

The participants were assigned to sequential treatment with UBF and
placebo, or vice versa, after a blocked randomization procedure using a random
block of 4 participants in a 1:1 ratio. A computerized random list was generated
by an independent researcher. The list was handed over to another
independent researcher who was responsible for separating and allocating
supplements to participants. The duration of each intervention was 4 weeks with
a washout period (4 weeks) between them. Before and after each intervention,
venous blood, 24h dialysate and 24h urine of participants with daily urinary
volume = 200 mL were collected. Figure 1 shows the study protocol.

The maijority of the participants had been previously advised by a renal
dietitian, according to the nutritional guidelines for patients undergoing
peritoneal dialysis [41, 42], in the outpatient clinic routine. During each
intervention, the participants were advised to maintain a stable dietary pattern
and not to take prebiotics, probiotics or synbiotics. If necessary, dietary
adjustments were advised or reinforced during the follow-up. The sachets were
delivered to the participants during their monthly visit to the outpatient clinic. In
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the first week of each intervention, an independent researcher, through phone
calls, elucidated possible doubts regarding the use of the supplement and,
when necessary, adjusted the dose with the participant, encouraging the regular
use of the supplement. To evaluate adherence, sachets were counted at the

end of each arm of the study.

Washout
UBF (4 weeks) UBF
Enroliment (4 weeks) (4 weeks)
and
randomization Placebo Placebo
(4 weeks) (4 weeks)

Figure 1. Scheme of the study protocol. UBF- unripe banana flour

Outcome measures

The primary outcomes were serum levels of IS, pCS and IAA. The
secondary outcomes were 24h urine excretion and dialysis removal of IS, pCS
and IAA, serum inflammatory markers [high-sensitivity C-reactive protein
(hsCRP), interleukin-6 (IL-6), interleukin-10 (IL-10) and tumor necrosis factor-a
(TNF-a)], serum lipopolysaccharide (LPS), dietary intake and gastrointestinal

symptoms.

Demographic, clinical and biochemical data

Demographic and clinical data were collected from medical records.
Venous blood samples were collected in the morning and under fasting
conditions (12 hours). Aliquots were immediately centrifuged and the serum
was stored at -80°C. Aliquots of urine and dialysate were also stored at -80°C.

Serum, urinary and dialysate concentration of IS, pCS and IAA were
quantified by high-performance liquid chromatography (HPLC) with fluorescent
detection. Samples were diluted with the exception of dialysate, heated at 95°C
during 30 minutes and centrifuged at 13,000 rpm for 10 minutes at room

temperature. Then, the samples were cooled on ice for 10 minutes, filtered
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through 0.22 mm filter and injected into the system of HPLC. To quantify the
free fractions, the serum samples without dilution were only centrifuged and
filtered (0.22 mm). The chromatographic system was the one described by
Rodrigues et al. [43]. During the run, fluorescence wave-lengths varied: Agyxc =
283 nm and Aem = 380 nm to IS and IAA and Agye = 265 nm and Agm = 290 nm to
pCS.

Serum IL-6, IL-10 and TNF-a were measured using a kit of 3-cytokine
Milliplex MAP Human Cytokine/Chemokine Magnetic Bead Panel (EMD
Millipore Corp., Billerica, MA, USA) following the specific protocol provided by
the manufacturer. Serum LPS was determined using the Hycult Biotech Limulus
Amebocyte Lysate assay (Hycult Biotech, Uden, The Netherlands). Serum
levels of urea, creatinine, sodium, potassium, ionized calcium, phosphorus,
glucose, albumin, glycated hemoglobin and high-sensitivity C-reactive protein
were measured by standard techniques. Residual renal function (RRF) was
calculated by the mean of creatinine and urea clearance corrected for body
surface area [44]. Dialysis efficiency (Kt/V) was calculated according to
proposed by the Clinical Practice Guidelines for Peritoneal Dialysis Adequacy
[45].

Dietary intake

A food record of three alternate days, including the day before blood
collection, was used to estimate energy, protein and fiber intake. Participants
completed the records at the beginning and at the end of each intervention. All
records were checked in a face-to-face interview by the same dietitian, using
food models and household utensils to improve the accuracy of the recorded
data. The software Nutwin® (UNIFESP, Sdo Paulo, Brazil) was used to
calculate the average nutrient intake.

Protein intake was also estimated by the protein equivalent nitrogen

appearance (PNA), normalized by desirable or adjusted body weight [41].

Gastrointestinal symptoms

Gastrointestinal symptoms were monitored using the Gastrointestinal
Symptom Rating Scale (GSRS) questionnaire, translated and validated into
Brazilian Portuguese. This questionnaire consists of 15 questions comprising

the following symptoms: abdominal pain, reflux, nausea, borborygmi, abdominal
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distension, belching, flatulence, diarrhea and constipation. The intensity and/or
frequency of each symptom are scored according to seven-level Likert scale.
The total GSRS score ranging from 15 to 105 points. The higher the score, the
higher the intensity and/or frequency of the symptom [46].

Statistical analysis

The sample size was calculated using as reference the study of Sirich et
al. [34]. A total of 35 participants were estimated to detect a reduction of 17% in
serum total IS, with a power of 80% and an error level of 0.05. Allowing a
dropout rate of 20%, 43 participants were enrolled in the study. The GPower
software, version 3.1.2 (Franz Faul, University of Kiel, Germany) was used to
calculate the sample size.

The data are presented as the mean and standard deviation (SD),
median and interquartile range or frequency and percentage, as appropriate.
Student’s t-test or Mann—Whitney test and Pearson's Chi-square or Fisher’s
exact test were used to compare the baseline characteristics between the
patients who discontinued and patients who completed the follow-up.
Generalized estimating equations (GEE) were used to analyze the effect of
intervention on the variables. Statistical significance was established at p values
< 0.05. All statistical analyses were performed using the SPSS® software
version 18.0 for Windows (SPSS Inc., Chicago, IL, USA).

Results

Study participants

Participants were recruited between May 2018 and September 2018 from
a single peritoneal dialysis center. Forty-three participants were recruited and
randomly allocated to sequential treatment with UBF and placebo, or vice-
versa. Twenty-six participants concluded both arms of the trial, as depicted in
the Consolidated Standards of Reporting Trials (CONSORT) flow diagram
(Figure 2).
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[ Enrollment ]

Assessed for eligibility (n=145)

Excluded (n=102)
+ Not meeting inclusion criteria (n=55)

+ Declined to participate (n=33)
+ Other reasons (n=14)

Randomized (n=43)

A 4

Allocated to UBF/placebo order (n=21)

[ Allocation

1 !

J

Allocated to placebo/UBF order (n=22)

[ Follow-Up

Lost to follow-up (n=0)
Discontinued intervention (n=6)

[peritonitis (1); dialysis problems (1); transplant

(2); UBF intolerance (2)]

] '

J

Lost to follow-up (n=0)
Discontinued intervention (n=11)

[infection (1); poor appetite (1); anemia (1);
antibiotic (1); food poisoning (1); personal
reasons (1); placebo intolerance (3); UBF
intolerance (2)]

> Analyvsis

A

Analysed (n=26)
+ Excluded from analysis (n=0)

Figure 2. CONSORT flow diagram. UBF- unripe banana flour
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In the study population, the causes of CKD were diabetic nephropathy
(19.2%), hypertensive nephropathy (3.8%), glomerulonephritis (7.7%),
polycystic kidney disease (15.4%), other causes (11.5%) and unknown causes
(42.3%). The majority of participants were men (53.8%), 34.6% had diabetes,
84.6% had residual diuresis and 92.3% were undergoing nocturnal intermittent
peritoneal dialysis (NIPD). The most common dialysis prescription was 5 cycles
per 9 hour cycling session with 10L of total volume infusion using a glucose-
based solution. The participants were on antihypertensive medication (96%),
insulin (31%), statins (73%) and phosphate binders (65.5%). Table 1 shows that
except for GSRS score that was higher in patients who discontinued the study,
no other differences were observed between the group of participants who

completed the study and the group of participants who discontinued the study.

Adherence, tolerance and gastrointestinal symptoms

Seven patients (26.9%) in the UBF arm and four patients (15.4%) in the
placebo arm did not tolerate taking two sachets per day, therefore, they were
maintained with the tolerable dose (one sachet/day). The reasons for the
intolerance to the initially proposed dose were the large volume of flour
(placebo: three patients / UBF: four patients), intolerable increase in flatulence
(UBF: two patients) and hardening of the stools (placebo: one patient / UBF:
one patient). Taking these dose adjustments into account, the overall
adherence was good in both arms [placebo: median adherence 86.7% (67.3-
92.6) versus UBF: 83% (64.6-94.5), p= 0.67]. The median daily intake of
placebo was 9.6 g (6.6-10.4) and UBF 14 g (11.4-18). Therefore, the daily
intake of resistant starch in the UBF arm was about 6.8 g £ 2.1 (48% of UBF).

With regard to gastrointestinal symptoms, no change was observed in

the GSRS score between the interventions (p= 0.30).

Laboratory parameters and dietary intake

As shown in Table 2 no differences were observed in the majority of
laboratory parameters and dietary intake between the arms. A slight increase in
the serum levels of IL-6 was observed after supplementation with UBF. At

baseline, the protein:fiber ratio was higher in the UBF compared to the placebo.
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Uremic toxins

As can be seen in Table 3, UBF did not promote changes in both total
and free serum levels of IS, pCS and IAA. The excretion of total IS, pCS and
IAA through 24h-urine and dialysate was also not different between the arms

during the follow-up.

Subgroup based on adherence to the supplement

Eleven participants (42.3%) were able to take the two sachets during the
entire follow-up with adherence greater than 80%. These participants had a
median daily intake of placebo of 10.4 g (10-11.6) and UBF of 18.7 g (17.2-
19.7) corresponding to about 8.8 g + 0.6 of resistant starch daily. The clinical,
demographic and dietary characteristics of these participants were not different
from the study population (data not shown).

Table 4 shows the impact of UBF on uremic toxins in this subgroup. As
shown UBF significantly reduced the serum levels of total IS when compared to
placebo (Figure 3). No differences were observed in free serum levels of IS and
total and free serum levels of pCS and IAA. The urinary and dialysate excretion
of uremic toxins did not differ between the arms during the follow-up.

With regard to inflammatory markers and dietary intake, also no

differences were found (data not shown).
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Table 1. Baseline characteristics of all randomized patients, patients who discontinued the study and patients who completed the follow up

Patients who

e All Patients discontinued the study Patients who completed o*
(n=43) (n=17) the follow up (n=26)
Age (years) 52+18 49116 5512 0.16
Male [n (%)] 23 (53.5) 9 (52.9) 14 (53.8) 0.95
BMI (kg/m?) 25914 1 24.7+3.9 26.7+4.1 0.12
GSRS score 29 (24-41) 35 (29-42) 27.5(21.2-36.5) 0.03
Diabetes [n (%)] 13 (30) 4 (23.5) 9 (34.6) 0.44
Dialysis vintage (months) 18 (6-42) 18 (11-49) 16 (5-31) 0.22
Residual diuresis [n (%)] 35 (81.5) 13 (76.5) 22 (84.6) 0.69
RRF (mL/min./1.73m?) 4.3+3.3 4.5+2.4 5.843 0.20
Urine volume (mL/24 h) 1,224+543 1,105+532 1,294+549 0.33
Weekly Kt/V 2.12+0.55 2.0£0.5 2.240.6 0.22
Daily ultrafiltration (mL) 824.61+444 7591442 867.5+448 0.44
Laboratory data:
Urea (mg/dL) 124126 129+27 120126 0.31
Creatinine (mg/dL) 8.3 (6.5-11.8) 10.3 (7.4-13.1) 7.4 (6-11.6) 0.26
Albumin (g/dL) 3.9+0.34 3.9+0.31 4+0.36 0.48
Hemoglobin (g/dL) 11.6+1.4 11.541.7 11.7¢1.2 0.60
HbA1C (%) 5.7 (56.3-7) 5.7 (5.2-6) 5.8 (56.3-7.4) 0.52
hsCRP (mg/dL) 0.23 (0.11-0.53) 0.21 (0.1-0.44) 0.24 (0.1-0.59) 0.58
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Table 1. Baseline characteristics of all randomized patients, patients who discontinued the study and patients who completed the follow up

Patients who

e All Patients discontinued the study Patients who completed o*
(n=43) (n=17) the follow up (n=26)

Uremic toxins
Serum total IS (umol/L) 79 (49-150) 84 (55-168) 62 (45-133) 0.24
Serum total pCS (umol/L) 182+97.7 196+96.3 173+99.4 0.46
Serum total IAA (umol/L) 8.8 (5.6-14.3) 8.8 (5.7-16.4) 8.8 (5.5-13.3) 0.77

Daily dietary intake:
Energy (kcal/kg) 22+6 2116 236 0.50
Protein (g/kg) 0.75 (0.55-0.95) 0.73 (0.53-1.1) 0.76 (0.57-0.9) 0.84
Fiber (g) 9 (6.5-13.5) 8.8 (6.4-13.1) 9 (6.2-14.5) 0.80
Protein:fiber ratio 5.1 (3.4-8.3) 5 (3.9-7.6) 5.8 (2.8-8.7) 0.98
PNA (g/kg) 0.69+0.13 0.740.13 0.69+0.13 0.81

Data are presented as mean + SD or as the median (interquartile range). BMI- body mass index; GSRS- Gastrointestinal Symptom Rating
Scale; RRF- residual renal function; hsCRP- high sentitivity C-reactive protein; 1S- indoxyl sulfate; pCS- p-cresyl sulfate; IAA- indole 3-acetic

acid; PNA- protein nitrogen appearance. *Patients who discontinued vs patients who completed the follow-up.
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Table 2. Laboratory parameters and dietary intake according to UBF and placebo arms during the follow-up of patients undergoing

peritoneal dialysis (n=26)

UBF Placebo
Variables P
Pre Post Pre Post
Laboratory data:
Urea (mg/dL) 121125 126131 124124 128+27 0.37
Creatinine (mg/dL) 7.5 (6-11.7) 8.4 (6.2-12) ® 8 (6.7-12.4) 8.4 (6.5-12.8)" 0.01
Sodium (mEg/L) 13942 139+2 139+2 13942 ° 0.02
Potassium (mEg/L) 4.7 (4.3-4.9) 4.8 (4.3-5.2) 4.6 (4.4-5.2) 4.5 (4.3-5.1) 0.60
lonized calcium (mmol/L) 1.25+0.08 1.24+0.1 1.24+0.08 1.24+0.09 0.93
Phosphorus (mg/dL) 5.8 (4.9-6.5) 5.5 (5.2-6) 5.5 (4.6-5.9) 5.6 (5-6.3) 0.12
Glucose (mg/dL) 85 (79-118) 91 (77-112) 85 (78-104) 91 (83-103) 0.26
Albumin (g/dL) 3.9+0.3 3.940.3 3.910.4 3.9+0.3 0.93
HbA1C (%) 5.8 (5.5-7.2) 5.7 (5.3-7.7) 5.9 (5.2-8.3) 5.9 (5.3-8.1) 1.0
Urine volume (mL/24 h) 1,272+571 1,235+569 1,211+551 1,3121677 0.60
RRF (mL/min./1.73m?) 5.7+3 5.7+3.3 5.312.8 5.9+3.6 0.05
Weekly Kt/V 2.2+0.6 2.1+0.6 2.1+0.5 2.2+0.6 0.17
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Table 2. Laboratory parameters and dietary intake according to UBF and placebo arms during the follow-up of patients undergoing

peritoneal dialysis (n=26)

UBF Placebo
Variables P
Pre Post Pre Post

Inflammatory markers
hsCRP (mg/dL) 0.25 (0.1-0.5) 0.20 (0.08-0.5) 0.22 (0.09-0.4) 0.26 (0.1-0.4) 0.08
IL-6 (pg/mL) 3.6 (2.2-5.8) 3.8(2.8-7.3)° 4 (2-7.1) 43(25-7.7)° 0.004
IL-10 (pg/mL) 13.3 (9.7-19.3) 13.3 (9.7-19.9) 15.8 (7.5-21.7) 14.1 (9.6-22.6) 0.52
TNF-a (pg/mL) 71.3128 68.7+21 71.9127 71.1£21.7 0.74
LPS (EU/mL) 0.07 (0.05-0.1) 0.09 (0.07-0.2) 0.07 (0.05-0.1) 0.1 (0.06-0.1) 0.28

Daily dietary intake:
Energy (kcal/kg) 21.447.1 20.67.2 20.8+5.2 20.346.1 0.44
Protein (g/kg) 0.74+0.2 0.78+0.3 0.73+0.2 0.74+0.2 0.63
Fiber (g) 7 (5.8-12.2) 9 (6.5-14.6) 10 (6.9-15.2) 9.6 (6.9-13.4) 0.25
Protein:fiber ratio 6 (3.6-9.9) ¢ 6.1(3.6-8.4) 4.7 (3.4-7) 5.7 (3.4-8) 0.002
PNA (g/kg) 0.69+0.13 0.70+0.17 0.69+0.14 0.72+0.16 0.20

Data are presented as mean + SD or as the median (interquartile range). RRF- residual renal function; hsCRP- high sensitive C-reactive

protein; IL-6- Interleukin-6; IL-10- Interleukin-10; TNF-a- Tumor necrosis factor-a; LPS- lipopolysaccharide; PNA- protein nitrogen

appearance. ®p < 0.05 versus placebo-post; b p < 0.05 versus UBF-pre; ° p < 0.05 versus placebo-pre.
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Table 3. Uremic toxins according to UBF and placebo arms during the follow-up of patients undergoing peritoneal

dialysis (n=26)

UBF Placebo
Variables P
Pre Post Pre Post
Serum total uremic toxins (umol/L)
IS 67 (35-141) 63 (35-139) 59 (37-137.5) 72.7 (32.5-136) 0.70
pCS 153.5 (88-283) 171.5 (131-263) 149.5 (95-235) 164 (108-242) 0.70
IAA 8.7 (5.7-13.4) 9 (6-15) 9.7 (5.3-13) 8 (5.8-13.2) 0.74
Serum free uremic toxins (umol/L)
IS 1.4 (0.6-4.3) 1.6 (0.7-3.5) 1.7 (0.8-4.2) 1.5 (0.7-3.1) 0.95
pCS 1.8 (0.9-4.7) 2.2 (1-5.5) 2.3 (1-5) 2.3(1.1-4.6) 0.24
IAA 0.60 (0.2-1.1) 0.65 (0.3-1) 0.68 (0.25-1) 0.62 (0.3-0.8) 0.29
Urinary total uremic toxins (umol/24h)
IS 200 (130-290) 199 (64-263) 210 (87-273) 180 (105-285) 0.36
pCS 97 (30-184) 100 (48-286) 117 (49-240) 97 (39-222) 0.25
IAA 5.7 (2.9-8.6) 5.2 (2.7-11.3) 3.6 (2.5-9.3) 3.9(2.3-7.6) 0.55
Dialysate total uremic toxins (umol/24h)
IS 30 (14-78) 29 (15-76) 33.4 (19-68) 28.4 (19-88) 0.45
pCS 24 (10-139) 28 (12-88) 30.4 (10-98) 25 (12-85) 0.90
IAA 8.3 (5-18) 10 (5-19) 11.4 (6-19) 11 (6-15) 0.82

Data are presented as mean = SD or as the median (interquartile range). 1S- indoxyl sulfate; pCS- p-cresyl sulfate; I1AA-

indole 3-acetic acid.
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Table 4. Uremic toxins in adherent patients according to UBF and placebo arms during the follow-up of patients

undergoing peritoneal dialysis (n=11)

UBF Placebo
Variables P
Pre Post Pre Post
Serum total uremic toxins (umol/L)
IS 73 (30-136) 62.5 (31-133) *° 82 (23-163) 79.5 (31-142) 0.001
pCS 136 (82-240) 144 (75-160) 124 (90-226) 144 (74-175) 0.95
IAA 6.5 (5-10) 8.3 (5.8-10.6) 7.6 (4.9-11.1) 7.5 (5.8-10) 0.88
Serum free uremic toxins (umol/L)
IS 0.98 (0.6-2.5) 1.0 (0.5-2.2) 0.86 (0.4-3.2) 1.1 (0.5-1.9) 0.24
pCS 1.1 (0.6-2) 1.3 (0.8-1.6) 1.0 (0.9-3) 1.4 (0.6-2.4) 0.54
IAA 0.4 (0.2-0.7) 0.5 (0.2-0.7) 0.3 (0.2-0.8) 0.4 (0.3-0.8) 0.62
Urinary total uremic toxins (umol/24h)
IS 192 (109-240) 176 (49-226) 154 (56-220) 160 (95-238) 0.05
pCS 82 (19-201) 85 (14-232) 60 (25-211) 79 (31-190) 0.76
IAA 4.4 (2.9-71) 3.4 (2.7-6) 2.8 (2.2-6.1) 3.1(2-4.1) 0.14
Dialysate total uremic toxins (umol/24h)
IS 19.7 (14.7-66.1)  19.6 (8.4-33.2)  29.8 (10.3-67.5) 27.9 (11-51) 0.27
pCS 23.8 (5.6-66.7) 13.3 (7.5-51.8) 14.9 (3.5-34.3) 22.5 (2.8-40) 0.30
IAA 6.3 (4.1-15.4) 6.1(3.9-12.2) 5.9 (4.2-14.1) 9.6 (3.9-13.6) 0.40

Data are presented as mean = SD or as the median (interquartile range). IS- indoxyl sulfate; pCS- p-cresyl sulfate; IAA-

indole 3-acetic acid. Adherent patients- consumption = 80% of the sachets offered. ®p < 0.05 versus placebo-post; © p <

0.05 versus placebo-pre.
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Figure 3. Serum level of total indoxyl sulfate in a subgroup of patients (n=11)

undergoing peritoneal dialysis pre (white) and post (gray) the use of placebo and

UBF.

Discussion

In the present study, we tested the effect of UBF on the serum levels of gut-

derived uremic toxins in patients undergoing peritoneal dialysis. We found that

supplementation with UBF for 4 weeks did not affect either the serum levels of IS or

pCS and IAA.

UBF contains a large amount of dietary fiber (about 56%) with RS

representing approximately 87% of the total fiber. The beneficial effect of RS on

uremic toxins has not been clearly demonstrated. In HD patients, while a decrease in

serum total IS was found in two studies with the administration of 16-18 g/day of RS

[34, 36], in another, with the same prebiotic and dose, no difference was observed in

IS [47].
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Despite its importance, the adherence to the intervention has not always been
carefully assessed or monitored in the studies. In the present study, even though the
strategies adopted to favor the regular use of two sachets of UBF, some participants
had low adherence, and others did not tolerate the proposed dose, which
corresponded to 10 g of RS, and were then maintained in the study with their
tolerable dose. Analyzing separately the participants who were able to take more
than 80% of the proposed dose (8.8 g + 0.6 of RS daily), serum levels of total IS
decreased after UBF compared to placebo. It is important to highlight that the
reduction was not due to increased urinary excretion, dialysis removal of IS or
changes in usual dietary intake. This finding suggests that the impact of UBF on the
serum IS may be dependent on the dose of UBF and probably the amount of RS.

The type and amount of substrate that reach the human colon are key
modulators of bacterial composition and metabolism. An increase in carbohydrate
available for fermentation in the colon seems to favor carbohydrates fermentation
over nitrogenous compounds leading to reduction of specific metabolites such as
indole, which is the precursor of IS [25, 26]. It has been suggested that the effect of
RS on IS is the result of changes in the composition and metabolism of gut
microbiota promoted by selective growth of certain bacterial species [48]. However, in
CKD, there is a paucity of studies in which the impact of RS on the composition of
the gut microbiota has been evaluated. In a study with CKD rats fed diets
supplemented with RS, the reduction of serum IS was accompanied by changes in
gut microbiota composition, markedly by an increase in microbial diversity, in the
Bacteroidetes-to-Firmicutes ratio and in the Ruminococcus bromii, which seems to be
keystone species for the degradation of RS [35, 49, 50]. As far as we know, there is
only one study with HD patients that evaluated the impact of RS administration on
the fecal microbial profile and the only difference observed was an increase in the
Faecalibacterium prausnitzii [51], a butyrate-producing specie [52, 53], which
appears to be reduced in individuals with CKD [54] and is frequent and abundant in
gut microbiota of healthy individuals [55]. However, it is important to highlight that this
finding was based on analysis of five specific genera and not on a complete overview
of the fecal microbiota composition. Unfortunately, in the present study, the gut

microbiome was not assessed.
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Regarding the other two gut-derived uremic toxins evaluated (pCS and IAA)
no impact of UBF was observed. Similarly, no difference in the serum total pCS was
observed in other RS intervention studies with HD patients [34, 36]. In healthy
individuals, the production of IS and pCS does not seem to be correlated [28],
suggesting that the regulation of their production occurs by different factors. In a
study with patients undergoing hemodialysis, high pCS levels were associated with
distinct gut microbiota composition when compared to high IS levels [56]. Therefore,
it is possible that different types of prebiotics are needed to modulate the production
of these uremic toxins. While RS seems to impact the generation of IS, other
prebiotics appear to be able to reduce the generation of pCS. In HD patients, the
daily intake of 20 g of oligofructose-enriched inulin decreased by about 20% serum
levels of pCS, but not IS [57]. In another study with 15 g of inulin plus 10 g of pea hull
fiber, a similar reduction only in pCS was observed in non-dialysis-dependent CKD
patients [58]. Also in patients in the same stage of the disease, a trend to reduce only
serum pCS was found with fructooligosaccharide (FOS) supplementation [59]. Thus,
it can be speculated that the combination of specific prebiotics is necessary to
modulate the production of these two uremic toxins.

Despite the findings mentioned above, well-designed prebiotic intervention
studies in CKD and particularly in PD are scarce. Recently, no changes were also
observed in the serum levels of pCS and IS in a well-designed cross-over study in
PD, with 10 g of inulin [60]. It is possible that higher doses are required to reduce the
serum levels of uremic toxins and the required dose may vary according to the type
of prebiotic. In healthy individuals, it was observed that bifidogenic effect of prebiotics
is dose dependent and the minimum dose required may vary depending on the type
of prebiotic. While for FOS it seems the minimum dose is 10 g/day, for inulin a lower
dose seems to be enough (2.5-5 g/day) [61]. As far as we know, there is no study in
CKD that evaluated the dose-response effect of prebiotics on the serum level of
uremic toxins. In our study, a reduction in serum IS was observed only in the
subgroup of participants who consumed approximately 20 g of UBF (10 g of
RS)/daily. Although we presume the reduction of serum IS observed in the subgroup
was consequence of RS, we cannot rule out the possibility that other components of

the UBF have synergistically contributed to this effect.
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In the present study, the use of UBF did not result in changes of inflammatory
markers evaluated (hsCRP, TNF-a, IL-6 and IL-10), nor in the serum levels of LPS
(marker of gut permeability). The slight increase observed in IL-6 after UBF does not
appear to be an effect of the intervention, since no difference was found between
UBF and placebo. In addition, no difference was observed in the levels of IL-6 in the
subgroup that showed greater adherence to the intervention. Several factors
contribute to the inflammatory state in CKD, including the uremic toxins [62]. Further,
it has been suggested that changes in the composition and metabolism of gut
microbiota in CKD impact negatively the intestinal permeability, favoring the chronic
inflammatory state. The increase in intestinal permeability allows leakage of bacterial
components into the bloodstream, which are recognized by the immune system,
triggering pro-inflammatory responses [63]. In this context, the modulation of gut
ecosystem also emerges as a possibility to reduce inflammation, both by reducing
the production of uremic toxins and by reversing or mitigating the damage in the gut
barrier. RS fermentation by gut microbiota produces short-chain fatty acids (SCFA),
mainly butyrate [48], which plays an important role in maintaining the integrity of the
intestinal barrier, regulating the local immune system [64]. Although some limitations,
serum levels of LPS have been used as marker of intestinal permeability in clinical
studies. In the current study, the serum levels of LPS found were lower than that of
patients on PD in other cohorts [65, 66] and similar to the levels reported in healthy
individuals [65]. Therefore it seems unlikely to expect changes in the levels of LPS
and consequently in the inflammatory markers, by this pathway, with the intervention.
To date, there is a paucity of studies that have investigated the effects of prebiotics
on inflammatory status in the context of CKD. In a study with CKD rats, RS
attenuated the inflammation [67], however, in clinical studies the results are still
discordant. While in one study a reduction in some inflammatory markers was
observed (TNF-a and IL-6) [68], in another, with the same dose of RS, no difference
was found in the levels of hsCRP and IL-6 of HD patients [36].

Some limitations and strengths of the present study should be acknowledged.
The loss of a significant number of participants during the follow-up resulted in a
relatively small sample size what may have limited the statistical power for detection
of changes in the outcomes. The low tolerability to the UBF may have prevented to
find more consistent results. Indeed, a decrease of serum IS was found in the
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subgroup of participants who ingested the total dose proposed. Although plausible,
this subgroup analysis should be viewed with caution due to potential selection bias
introduction. The gut microbioma and their metabolites were not assessed, limiting to
in-depth understanding of the impact of UBF on the composition and metabolism of
gut microbiota and consequently on the uremic toxins. The strengths are the study
design and especially the control of known confounders such as dietary intake
(protein and fiber), urinary excretion and dialysis removal of the uremic toxins.

In conclusion, we found that the UBF did not affect either the serum levels of
IS or pCS and IAA. A reduction in serum total IS was observed, when about 20 g of
UBF was used daily. This finding was independent of dietary intake and urinary
excretion and dialysis removal of uremic toxins. No effect of UBF was observed in
inflammatory markers and intestinal permeability. Our results highlight the difficulty of
implementing the regular use of flours with prebiotics in clinical practice, since a large
amount of supplement seems to be required to promote a significant reduction in
uremic toxins. This factor should be considered when developing strategies to target
the gut microbiota in CKD, since the potential benefits depend on the continuous use
of the supplement. Further studies evaluating different doses of prebiotics and
especially the combination of prebiotic types may be required for a better
understanding of their effect on the production of gut-derived metabolites and

consequently on the accumulation of uremic toxins in CKD.
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5. Conclusao

No presente estudo, o uso da FBV ndo promoveu mudangas nos niveis
séricos de IS, pCS e IAA. Somente em um subgrupo de participantes com a dose
plena foi observada redugcdo nos niveis séricos de IS. Os resultados do estudo
evidenciam a dificuldade de inserir na alimentac&o diaria a dose proposta de FBV.
Essa dificuldade deve ser levada em consideracdo no desenvolvimento de
estratégias dietéticas que visam reduzir a produgao de toxinas urémicas pela
microbiota intestinal, uma vez que, caso haja beneficio, 0 mesmo sera dependente

de uma pratica continua da estratégia em questao.
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o Frojeln FOJETS 0SS 0. padf 18206:57
outros Declaracac_Frirmpd 2222017 | Lalla Banios d= Arefin
18:58:32 | Andrece

Duiros e un s popdf 2322017 | Lalls Banios d= Aretin
fiB:55:32 | Andrade

Frojete Cealhado ! | Projeto_de_pesoulss g 2322017 | Lalls Banios de Aretio

Brochurs 8:52:00 | Andrade

Irowe 8 oRnr

TCLE ! Temmos de | wolunEarics, syadawels. pdl 2222017 | Lalla Banios d= Arefin

Ascenbmenta J fiB:28:51 Andrads

Jusificativa de

Auséncla

TCLE ! Termos de | wolaniarics_e=m_dialise_perboneal po 22017 | Lalks Sanhos o Arefio

Azsenbimenio B:LE:34 | Andrade

Jusificativa de

Auséncla

=olha de Rosio fiolha_de_msio pdid 22017 | Lalls Banios d= Aretin
§8:35:38 | Andrce

2 thaagdo do Parsosr:
Apnoredo

Haosccha Apreclagdo da CONER:
Hio

S0 PAULG, 1T de Jansn d= 2018

AGLInaidkn por:
Migual Rcberts Jonge
{Coordenador]
Erdaregs:  Fua Fmrcsss ds Dasim, 55
Balrra: VLA CLEMEMNT RO CEP: cu oo
UF: EP Bunicipls:  SAD PAULD
Talafoner (1] 511052 Fax (173152 E-mall: ospfuniemn sdobr

gm0 =



Anexos

UNIFESP UNIFESP - HOSPITAL SAD .
O o PAULD - HOSPITAL w
.' -
o UNIVERSITARIO DA
PARECER CONSUBSTANCIADO DO CEP

DADDE D& EMENDA

Ttulo da Pesguica: Efefto dio uso da farinha da banana verde sobre a microbiota Intestinal & toxinas
urdmicas &m packnies =m dldllse perfoneal.

Pecgulcador: Laks Tamics de Andrade

Ares Tematioa:

Varcdio: 2

CAAE: 81598017 8.0000.5505

I'III.‘H'I:I.IH_;I-II:I Proponands: Uriversidade Federsl de 2850 Padc - UNIFESP/EPM
Pabroolnador Primcdpal: Siramciamenio Froprio

DADDE D FARECER

Homero do Parsosr: 2.621.8551

& precentagdo dio Projedo:
mrrarada @ profocol

CEF 1STR2IAT

Warios metabifos qus Rrormalmente fazem parte do metaboloma sérico dos Famiferss s8o provenisntes da
mionobiota cobnica (20). Denfre ses estio o p-cresol & o indol que sdo gerados a partir da fermentacio
bsvcteriana de Hosinafeniiaianina & tripiofano, respecivamente. O p-oresol apas ser sufatado na mucnsa
coitinioa ou no fgsdo resulta no p-oresi sulfaio, enguanio a sulfstagio de indol no figado resulta na
tormaclo de Indioxl] suifabo (21). A excreplio desses solulos & dependents do funclonaments renal, sendo
aessim & redupdo da funplo renal leva a0 aoimuic desses composics. Resiments, a concenirapko sérca de
poresil sulfabo = imdox] suifaio @ marcadaments elevada em fodos oS estaglos da DRC, com aurmenio
gradual & medida que a funplio renal diminul. © acomulo dessas duas foxinas eremicas iem sido associado
& iInflamagic, doenma cardovascular (27, caicfcagio vasoular & mortalidsds por doenca cardiovascular &
por bodas as causas em Indyiduos com DRC. Devido ao faio dessas fovinas == ligarem a prob=inas
plasmabicas =ias s8o moléculas de difidl remogia, sendo assim pouns nemovidas no prooesso de didliss
Messe conbexdo, esiudos 1£m sido desemvsolvidos a fim de emcomrar esiatdglas gues possam

Erclaregse  Fum Fmrcisoo 2s Dasim, 25

Bairra: VILA CLEMENT RO CEP: o on-tsn
uF: BP Menicipla:  (SAD PALLD
Talalona- ]| J5ET1-1053 Fax= 1 TFEER-TIED P S ————
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Anexos

UNIFESF UMNIFESP - HOSPITAL SAD ma
i OO PALLO - HOSPITAL w
[ 1 :
Alagbbuall UNIVERSITARIO DA
Cerins b 00 Fumea 1001 Bae

moduiar positvamente a composigo = abividede metabsiica da microbicta inbestinal & por consequéncia
atsnuar :mpllmp!-e:- assocladas & DRC. Uma das possivels estraféglas gue vem sendo estudads & a
supiementsgio com fbm alimentar fadimente femnentivel, mbdm chamada de prebigbico. Uma relacho
mialor enfre a mgestio de fibra = profcina iem sido associada a memones DI:I’I1I:I!I1|:I1I|'.EI:'5 siricas &\ou
wrindriss de p-cresdl sulfsto = indoxd subsio Bnko =m individuos. sauddvels como & individuos oo DRC.
Uma malor dsponbilidsds de fibras no cdlon permEs que as profeines = aminodcidos disponieels possam
ser ulllzydos preferencdamenis paa o cresdmenhy microblano

&0 Inveés de produclo de enemgla Mermentacic), rdurinds assim a produr o dos composios resubnbes da
fermentapio de aminoacidos A dsponibildade de amido Fesisienis o COOR PRS0 SAVOECET @ mantencho
de ey milcrobiofs imiesinal savdaved, modulamds posBvamends & cmpu-s-ll;iu = afividade meabdlca dessa
mirobicts - Enfre o produics com quanbdade sipnfcafiva de amido resisiente, desisca-se 8 farinha da
Exarsarey wende (FEW] Que apresents cenca de S0% desss carboldrab.

Objativo da Pecgulca:

Messe conberio, nosss hiptiese & gue 3 supiementaciio oom FEV promoserd um e4=Eo benéfico sobre a
composipho & afvideds microblana Iniesinal com consegquente reduglo dos nikvels séricos de poresl] sulfaio
= Indosd] mufain =m mdviduecs com DRC =m didllse perdoneal.

Ayallar o Impacio do uso e farinina de banana verde (FEV) sobre os nivels séricos de p-oresl sulfabo &
Inidoxll sulaio = individeos oom DRC e didlse periboneal

Avallagdo doc Ricooc & Bansfioloc:

confomme descrio fo panecer iniclal

Comentirios & Concldsragdess cobre a Peoguica:
TraE-se do envio de emenda a0 probooin - justfoatha:

- Rl:i:lul_;.-k- da dose difris dos dols suplemenins {FEY plaosba )

Apde alguns feshes prelminanrss pbseramos ques & dos= inical proposta Fpllcaris mo o dos suplemenos
em vérias refeipies do da, o que poderia dficuitar a almeniapio dos vwoluntinos e a adesdo dos mesmos
&0 wso dos suplemenios. Considerando que =studos oom & p-u-pulu;!-n geral e dermonstrado =Telios
benéfioos do wso da FEV em guantidades menores a proposis

Erclarecz  Fum P orecico s Caslio, 55

Balma: VLA CLEMEMT PO CEP: (Cuonie
uF: B Bleniciple:  SAD PALLO
Talalosa- () pSET1-1082 Fax (17T P N a——
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UNIFEST UNIFESP - HOSPITAL SAO

_i_
LU L PAULO - HQSPITAL

UNINERSITARIO DA

Corirac o oo Pemess 100 Bt

Iniclabmeenbs em nosse estudo, opfamcs por reduzdr adose.
- Redugia do perioda de iInterienclio

Qe

A fAm g redusir o risoo de pends de vwolunBSrios. a0 longo do sspaiments por perfionie ou Inf:l:;-h do oscal
e salda, :nr*cdb:a-;ﬁ:s- comars a Individucs: e dallse perfoneal. Ha svidéncias na lhemalura dent®Sca de
igu= T periodo de QUaTD SeTarys de H:er-.‘eng!n di=iSfica & capaz de= ab=rar a m*p-nsl;!n e meabollsmo

dn microbéods IntesEnal.

- Ateraciio do placebo gue serd uilirado

Considerando que o amido de milho csrcso =m mals carmacierisficas &m comum com a FBY do que a

miakodexiring (plac=bo prop0sto Iniclaimente], oplamos por wlEZd-o como PO,
Eszs mudanpas no prolocoio de estudo ndo geram riscos a0 paricipanks ds pesquisa.
Conclderapien cobn o Termos de aprecsntag2o obrigatariac
documenios: apresenados de foma adequada
Concluciec cu Penddnolac « Licta de inadaguaglec:
s aproada
Comnclderagboc Fimalke & orttérlo do CEP:
pareDer revisado
Excts parecsr fol slaborado bacsado moc dooumsantos abalvo relaclonsdos:
Tipo Doourmenic Ay Poshgem Ausbor Eihsacho
I'r'-:-nm-;-!r.: Edsicas F'E_IHF-EIH.P.-I.'L;I:E:E._E.-".E:I{.*.G_1I]HI]]E 0Sim2r2018 Ao
o Prolehs S ol 15747
oartros Carta Emerds docy 0SO22018 | Lalks Sanos d= Ao
15:£5:58 | Andrade

oartros Carts_emenda pdf 03022018 | Lalks Sanos d= Ao
23:02:58 | Andrasde

TCLE ! Terrmos de | vokaniarics, sm_dibllse perionesl pao 13032018 | Lalls Banios de= Aretio

Assentmenio H12:51 Andrade

Justficativa de

LAy Encin

Frojebr Detalhads ! | Frojehs de pesoulss paf 13MAZ018 | Lalls Bantos de Arefin

Brochura 21231 Andrade

Inree st gador

outros Declaracac_ e g 2322017 | Lalks Sanos d= Aretio
B:58:32 | Andrade

Erdarec  Fum Forcoeo 2 Casko, 25
Balma: VILA CLEMEMNT D

I EP Hunicipla: ZAD PRULD
Tailalonm: ) paET] - 108D Fax [ TEEIE-FIE

CEP: cumiEn

oepiunfsen ado br
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Anexos

UNIFESP UNIFESP - HOSPITAL SAD
.hid-
O PAULG - HOSPITAL C?a,”ﬁ -

n vin oo UNNERSITARIO DA
Coorrdra i oo Pamear 00 B
outros cep unPsspopd? 2222017 | Lalls Banios d= Arefio
i8:55:32 | Andrads
TCLE ! Termos de | wolaniarics, ssudsnreds. pol 2222017 | Lalls Banios d= Arefio
Agsentimento fiB:£8:51 Andrade
Jussficativa die
Ausincla
=oiha de Rosio foiha_de_rosio)pdd 222017 | Lalks 3anios d= Ao
i8:30:38 | Andrsde
3 thsagdo do Parsosr:
Ao
Heoeccha Apreclagdo da CONEF:
Hio

A0 FALLD, 25 de Abell o= 2018

Ancinada por:

Wigusl Robsrto Jorgs
{Coordenador

Erdarscx  Fus Frcies e Caslo, 55

Balme  VILA CLEMEMNT MO CEF. oo

I 5p Heniciplz:  SAD PEILD

Talafona: ] P51 - 1053 Fax (1TFE=E-F1E E-mall: cepffunifesp sdobr
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