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Resumo

Objetivo: Foi avaliar os efeitos da suplementacao de flavonoides citricos nos parametros
bioquimicos, inflamatorios e metabdlicos de individuos pré-diabéticos durante 12
semanas. Métodos: 103 individuos pré-diabeticos (49 = 10 anos) foram divididos
aleatoriamente em quatro grupos paralelos: (1) Placebo: 25 individuos receberam dose
diaria de 400 mg de placebo; (2) Eriomin 200 mg: 26 individuos receberam dose diaria
de 200 mg de Eriomin; (3) Eriomin 400 mg: 27 individuos receberam dose diaria de 400
mg de Eriomin; (4) Eriomin 800 mg: 25 individuos receberam dose diaria de 800 mg de
Eriomin. Eriomin® é um bioflavonoide citrico, composto por principalmente por
eriocitrina, hesperidina, naringenina e didimina. A avaliacdo da composicao corporal, dos
marcadores bioquimicos, inflamatérios, metabdlicos, renais, hepéaticos e do consumo
alimentar foram analisados ao longo de 12 semanas. Resultados: O tratamento ap6s 12
semanas com todas as doses de Eriomin (200, 400, 800 mg) mostrou reduc¢éo similar nos
niveis de glicemia (-5%, p < 0,001), HbAlc (-2%, p < 0,05), HOMA-IR (-7%, p < 0,05),
glicemia 2 horas (-7%, p < 0,05), glucagon (-6.5%, p < 0,001), peptideo C (-5%, p <
0,001), PCRus (-12%, p <0,05), IL-6 (-13%, p = 0,03), TNF-a (-11%, p = 0,04),
peroxidacdo lipidica (-17%, p < 0,01) e pressdo arterial sistolica (-8%, p < 0,05), e
aumento nos niveis de GLP-1 (+15%, p< 0.001), adiponectina (+19%, p < 0,05) e
capacidade antioxidante (6%, p = 0,03). Concluséo: A suplementagdo com Eriomin por
12 semanas em individuos pré-diabéticos melhorou os parametros biogquimicos,
inflamatorios e metabolicos que constituem os fatores de risco para o desenvolvimento
do diabetes mellitus tipo 2.

Palavras Chave: pré-diabetes; resisténcia a insulina; flavonoides citricos



Abstract

Objective: To evaluate the effects of citrus flavonoid supplementation on the
biochemical, inflammatory and metabolic parameters of pre-diabetic subjects for 12
weeks. Methods: 103 pre-diabetic subjects (49 £ 10 years) were randomly divided into
four parallel groups: (1) Placebo: 25 subjects received a daily dose of 400 mg placebo;
(2) Eriomin 200 mg: 26 subjects received 200 mg daily dose of Eriomin; (3) Eriomin 400
mg: 27 subjects received 400 mg daily dose of Eriomin; (4) Eriomin 800 mg: 25 subjects
received a daily dose of 800 mg Eriomin. Eriomin® is a citric bioflavonoid composed of
eriocitrin, hesperidin, naringenin and didymin. Evaluation of body composition,
biochemical, inflammatory, metabolic, renal, hepatic and food markers were analyzed
during 12 weeks of intervention. Results: Treatment with all doses of Eriomin (200, 400,
800 mg) after 12 weeks showed similar reduction in glycemia levels (-5%, p < 0.001),
HbAlc (-2%, p <0.05) (-7%, p <0.05), glycemia 2 hours (-7%, p <0.05), glucagon (-6.5%,
p <0.001), peptide C (-5%, p (-12%, p <0.05), IL-6 (-13%, p = 0.03), TNF-a (-11%, p =
0.04), lipid peroxidation (P <0.01), and systolic blood pressure (-8%, p <0.05), and
increased GLP-1 (+ 15%, p <0.001), adiponectin (+ p <0.05) and antioxidant capacity
(6%, p = 0.03). Conclusion: Supplementation with Eriomin for 12 weeks in pre-diabetic
individuals improved the biochemical, inflammatory and metabolic parameters that
constitute the risk factors for the development of type 2 diabetes mellitus.

Keywords: pre-diabetes; insulin resistance; citrus flavonoids
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Introducéo

Nos ultimos anos, as doencgas cronicas nao transmissiveis, como as doencas
cardiovasculares, diabetes mellitus, doencas pulmonares e canceres se tornaram uma
pandemia emergente em todo o mundo, com taxas mais altas nos paises em
desenvolvimento (Gonzélez et al, 2017). O aumento da incidéncia do diabetes mellitus
tipo 2 estd associado a diversos fatores, como: transicdo nutricional, estilo de vida
sedentario, excesso de peso, e envelhecimento (SDB, 2017). De acordo, com a Sociedade
Brasileira de Diabetes, em 2017, 15 milhdes de brasileiros tinham diabetes mellitus tipo
2 e cerca de 40 milhdes de brasileiros eram pré-diabéticos, no entanto, grande parte ainda
desconheca que estejam nessas condi¢des (SDB, 2017).

O pré-diabetes caracteriza-se por alteracdo da glicemia de jejum e/ou da tolerancia
diminuida a glicose, sendo definido como um estado intermediario entre normoglicemia
e diabetes mellitus tipo 2 (ADA, 2018). Os critérios de diagnéstico para pré-diabéticos
recomendados pela Associacdo Americana de Diabetes (ADA) estdo descritos no Quadro

1.

Glicemia 2 h ap6s
Glicemia de jejum HbAlc
TOTG
100 a 125 mg/dL 140- 199mg/dL 5,7% e 6,4%

Quadro 1. Critérios diagnosticos para pré-diabéticos recomendados pela ADA, 2018.

A glicemia de jejum é diagnosticada pela glicemia apds 8 horas de jejum. A
tolerancia a glicose é obtida por meio do teste de tolerancia a glicose oral, o qual é

realizado apds duas horas de ingerir uma solugdo contendo 75g de glicose. A medida da
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HbAlc deve ser realizada utilizando-se um método certificado pelo Programa Nacional
de Padronizagdo de Hemoglobina Glicada e padronizado conforme as referéncias do
Controle de Diabetes e Complicagdes (ADA, 2011). A HbA1c € resultado da reacao entre
a glicose do sangue e a proteina (hemoglobina) contida na hemécia ou glébulo vermelho,
refletindo a glicemia média de um individuo durante dois a trés meses, e para seu
diagndstico ndo é necessario jejum (Faerch et al, 2009). No entanto, é necesséria cautela
ao avaliar isoladamente os resultados de HbAlc, pois ela pode estar alterada em certas
condicGes. Por exemplo, na deficiéncia de vitamina B 12 e de folato os niveis de HbAlc
podem estar elevados e, na gravidez, na anemia hemolitica e insuficiéncia renal terminal
os niveis de HbAlc podem estar diminuidos (Radin, 2014).

A causa exata do pré-diabetes é desconhecida, mas histérico familiar, genética
inatividade fisica e excesso de gordura corporal, parecem desempenhar um papel
importante no seu desenvolvimento. De acordo com a Associagdo Americana de
Diabetes, individuos adultos com excesso de peso, e que tenham um ou mais dos
seguintes fatores (parente de primeiro grau com diabetes mellitus tipo 2; mulheres que
foram diagnosticadas com diabetes mellitus gestacional; histéria de doenca
cardiovascular; hipertenséo; colesterol HDL < 35 mg / dL e/ ou triglicerideos > 250 mg
/ dL; mulheres com sindrome do ovério policistico; inatividade fisica) apresentam alto
risco para desenvolvimento do pré-diabetes (ADA, 2018).

A fisiopatologia do pré-diabetes é complexa e envolve a combinacdo de multiplas
alteracdes nos mecanismos implicados na homeostase da glicose. Semelhante ao diabetes
mellitus tipo 2, o pré-diabetes esta associado ao aumento dos niveis de glicose, diminui¢édo
da funcéo das células beta, diminuicéo da sensibilidade a insulina, aumento das citocinas
inflamatdrias e alteracdo das respostas as incretinas (Brannick et al, 2016). Os hormonios

incretinas, o polipeptidio inibitorio gastrico (GIP) e o peptideo-1 semelhante ao glucagon
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(GLP-1), sdo peptideos intestinais, sendo secretados em resposta a ingestdo de nutrientes
e desempenham um papel essencial na regulacdo pés-prandial da glicose ao potencializar
a secrecdo de insulina estimulada pela glicose (Nauck & Meier, 2018). Em pessoas
saudaveis, 70% da secrecdo de insulina estimulada pela ingestéo de glicose ocorre atraves
da liberacdo das incretinas (Ahmadieh &Azar, 2014).

A resisténcia a insulina em varios tecidos do corpo é a principal anormalidade
metabdlica encontrada em pacientes com pré-diabetes, sendo definida como uma
condigdo na qual a concentracdo normal de insulina ndo produz adequadamente uma
resposta nos tecidos alvos periféricos, como tecido adiposo e musculo (Wilson, 2017).
Essa falta de resposta leva a diminuigdo da captagdo de glicose nesses tecidos e aumento
dos niveis de glicose circulantes. A hiperglicemia resultante faz com que as células betas
secretem mais insulina para superar a resisténcia. Inicialmente, as células betas sdo
capazes de manter a euglicemia, mas com o tempo, a funcdo das células beta diminui e o
nivel de glicose comecga a aumentar. A resisténcia a insulina no figado leva a uma
superproducdo de glicose hepatica, que €é estimulada pelo processo de
gliconeogénese (Wilson, 2017).

A resisténcia a insulina esta associada a niveis séricos elevados de citocinas
inflamatorias, como fator de necrose tumoral-o (TNF-a), interleucina-6 (IL-6) e proteina
C reativa (PCR), e concentracdes baixas de adiponectina (Tateya et al, 2013).

O TNF-a é uma citocina inflamatoria que atua no metabolismo de lipideos e na
sinalizacdo da insulina. O TNF-o tem um papel importante no desenvolvimento da
resisténcia a insulina, pois induz a ativacao das proteinas c-jun N-terminal kinase e Ikappa
kinase, causando a fosforizacdo do IRS-1 em serina e promovendo menor ativacdo da

enzima fosfatidilinositol 3-quinase, resultando em reducdo no transporte de glicose
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estimulada pela insulina (Zou et al, 2008; Hajiaghaalipour et al, 2015). Além disso, o
aumento da secrecdo de TNF-o promove a secreg¢do da L-6 e PCR (Emanuela et al, 2012).

A IL-6 também é uma citocina inflamatéria que possui multiplas fun¢des no
metabolismo, sendo liberada pelo tecido adiposo e pelo musculo esquelético. Além do
seu papel nos estados inflamatorios, ela também esta envolvida na regulagdo da
sensibilidade & insulina e tolerdncia a glicose. Individuos pré-diabéticos apresentam
concentracOes séricas elevadas dessa citocina (Aguilar-Valles et al, 2015). Estudos
demonstraram que niveis elevados de PCR estdo associados com hiperglicemia,
resisténcia a insulina, e diabetes mellitus tipo 2 (Hribal et al, 2014).

A adiponectina é secretada pelos adipdcitos e atua como adipocina anti-
inflamatoria, regulando a ingestdo alimentar, o gasto energético, o metabolismo da
glicose e o catabolismo de acidos graxos. As suas acdes de sensibilizagdo a insulina
devem-se a diminuicdo dos niveis de glicemia, através da supressdo da gliconeogénese
no figado e aumento da sinalizagdo de insulina nos musculos (Turer & Scherer, 2012).

Além disso, individuos pré-diabéticos apresentam alteragdes nas concentraces
circulantes de incretinas (Holst & Gromada, 2004). GLP-1 é um peptideo intestinal
secretado pelas células L enteroenddcrinas localizadas na mucosa intestinal em resposta
a nutrientes ingeridos (carboidratos, proteinas e gorduras). O GLP-1 contribui para a
manutencdo da homeostase da glicose através da reducdo da secrecdo de glucagon,
desaceleracdo do esvaziamento gastrico e regulacdo da saciedade. (Gastaldelli et al,
2017). Em individuos saudaveis os niveis de GLP-1 em jejum variam entre 5 a 10 pmol/L
e aumentam cerca de 2 a 3 vezes apo0s a ingestdo de nutrientes, dependendo da quantidade
e do conteldo da refeicdo (Gastaldelli et al, 2017). No entanto, em individuos diabéticos

e pré-diabéticos os niveis de GLP-1 encontram se diminuidos, ocasionado reducédo da
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secrecdo de insulina estimulada pela ingestdo de nutrientes, ocasionando uma
hiperglicemia pos-prandial (Gastaldelli et al, 2017).

Além da insulina, a secre¢do de glucagon pelas células o pancreaticas tém um
papel importante na homeostasia da glicose. Do mesmo modo que as incretinas aumentam
a secre¢do de insulina, pelas células B, inibem, concomitantemente, a secrecdo de
glucagon pelas células o (Bagger et al, 2011). O glucagon é um horménio que é
rapidamente secretado na hipoglicemia e é suprimido pela hiperglicemia (Habegger et al,
2010). Em individuos saudaveis, os niveis de glucagon diminuem em resposta a uma
refeicdo reduzindo, desta forma, a producdo hepética de glicose. Por outro lado,
individuos pré-diabéticos apresentam niveis elevados de glucagon plasméatico em jejum
e ndo sao capazes de diminuir a sua concentracdo de forma adequada apds a refeicao,
ocasionado hiperglicemia em jejum (Bagger et al, 2014).

O peptideo-C consiste no fragmento liberado quando a pro - insulina passa por
clivagem, dando origem & insulina. E um peptideo secretado pelas células p pancreaticas
em concentracOes equimolares as da insulina. Além de ter meia-vida mais longa (30
minutos), o que implica em menor flutuacdo de niveis séricos, ndo sofre metabolizacéo
hepética significativa e possui clearance mais previsivel, quando comparado com a
insulina. Por essa razdo, tem sido bastante utilizado na pratica clinica para avaliacdo da
resposta secretora das células p pancreaticas (Kim, et al, 2016; Venkatesh et al, 2018).

Individuos com pré-diabetes tém um risco aumentado (até 70%) de
desenvolver diabetes mellitus tipo 2 (ADA, 2018). Além disso, estudos sugerem que as
complicagdes cronicas do diabetes mellitus tipo 2, como, retinopatia, microalbuminuria,
neuropatia e doenca cardiovascular comegam a se desenvolver durante o estado pré-

diabético. O pré-diabetes geralmente ndo apresenta sinais ou sintomas, por essa razéo a
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detec¢do precoce é importante, pois pode prevenir ou retardar a progressao para o diabetes
mellitus tipo 2 (Wasserman et al, 2018; Prately, 2013).

O tratamento do pré-diabetes, tem como objetivo restaurar os niveis de glicemia
ao normal, isto €, menor ou igual a 99 mg/dL. Para que esse objetivo seja alcancado, é
importante que haja mudangas no estilo de vida como educacdo alimentar, dieta
equilibrada e aumento da atividade fisica, e se necessario uso de medicamentos
hipoglicemiantes, como as biguanidas (Acarbose, Mettfornina e Pioglizatona),
sulfonilureias (Glimepirida, Glibenclamida e Clorpopamida), e gliptinas (Sitagliptina e
Vildagliptina) (Roberts et al, 2018; Domingues Avila et al, 2017). Estudos
epidemiol6gicos e metanalises mostraram relagdo inversa entre o consumo de dietas ricas
em flavonoides e a ocorréncia de doencgas cardiovasculares e diabetes mellitus tipo 2,
mostrando que os flavonoides foram capazes de reduzirem estados de hiperglicemia,
dislipidemia, resisténcia a insulina e processos inflamatorios sistémicos (Testa et al, 2015;
Vinayagam & Xu, 2015).

Os flavonoides pertencem a uma classe de compostos fendlicos de baixo peso
molecular que sdo amplamente distribuidos no reino vegetal. Os flavonoides séo
importantes para as plantas para o seu crescimento, desenvolvimento e defesa contra o
ataque de insetos e microrganismos, além de serem protetores da radiagdo ultravioleta
(Panche, Diwan, Chandra 2016). Os flavonoides (Figura 1) apresentam 15 atomos de
carbonos, que consistem em dois anéis benzénicos (A e B) ligado ao anel pirano (C),
podendo serem subdivididos em diferentes subgrupos, dependendo do carbono do anel C
no qual o anel B esta ligado e do grau de instauracdo e oxidacdo do anel de acordo em
flavanonas, flavondis, flavonas, catequinas, isoflavonas e antocianinas (Tripoli et al,

2007).
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Figura 1. Estrutura geral do flavonoide (Kurmar et al, 2013).

A classe mais comum de flavonoides sdo as flavanonas (hesperidina, naringina,
eriocitrina) que estdo naturalmente presentes nas frutas citricas ligadas a moléculas
ramnoglicosideas, como a hesperitina-7-O-rutinosideo, naringenina-7-O-rutinosideo e o
eriodictiol-7-O-rutinosideo (Manach et al, 2004). A hesperidina e a naringina sao
encontradas principalmente nas laranjas (Citrus Sinensis); e a eriocitrina é encontrada
principalmente no limao siciliano (Citrus Lemon) e lima (Citrus Limettiodes). Um copo
de 250 mL de suco de laranja contém aproximadamente 30 mg de hesperidina e 5 mg de
naringenina (USDA, 2008) e um copo de 250 mL de suco de limdo contém 55 mg de
eriocitrina (Gattuso et al, 2007).

Quando ingerida, a hesperidina, naringina e eriocitrina sdo deglicosiladas no
limen intestinal por a¢do das B-glicosidases ou bactérias intestinais. Os compostos ndo
hidrolisados no pequeno intestino, séo transportados na sua forma intacta em direcdo ao
colon, onde sdo hidrolisados pela a-ramnosidase, produzida pela microbiota do local,
liberando a forma aglicona. Uma vez absorvidas, as flavanonas agliconas (hesperitina,
naringenina e eriodictiol) sdo conduzidas ao figado pela circulacdo entero-hepatica. No
figado, sdo conjugadas por meio de metilagdo, sulfatacdo e/ou glicuronidacgéo, e

posteriormente séo liberadas na circulacéo e distribuidas entre varios érgdos, como rins,

18



pancreas, bago, musculo, coracdo e tecido adiposo, onde podem exercer atividade
bioldgica. Alguns dos conjugados do figado podem ser excretados como componentes
biliares (recirculacdo entero-hepética) e/ ou pela urina. Os metabolitos ndo absorvidos séo
eliminados pelas fezes. Estudos mostraram que esses metabolitos s&o eliminados do
plasma dentro de 5 a 8 horas, enquanto na urina eles sdo eliminados dentro de 24 horas.
Os metabdlitos conjugados, como a hesperitina, naringenina e eriodictiol produzidos
endogenamente sdo responsaveis pelos efeitos sistémicos das flavanonas (Miyake et al,
2006; 2009; Gattuso, et al 2007).

As flavanonas citricas apresentam propriedades anti-hiperglicémica, anti-
inflamatoria e antioxidante (Assini et al, 2013; Mulvihill et al, 2012; Tripoli et al, 2007).
Alguns efeitos das flavanonas podem ser observados na Tabela 1 e 2. Os mecanismos
subjacentes de acdo para um efeito hipolipemiante, hipoglicemiante e anti-inflamatorio
dos flavonoides citricos ainda ndo foram totalmente estabelecidos. Varias hip6teses foram
propostas com base em dados obtidos de estudos in vitro e em animais

A acdo hipoglicemiante das flavanonas pode ser decorrente: (1) da reducdo da
apoptose das células [ pancredticas, ocasionado melhora na sua proliferagdo e
promovendo secrecdo de insulina; (2) daregulagdo no metabolismo da glicose nos
hepatécitos e subsequente melhora da hiperglicemia; (3) do aumento da captacdo de
glicose no musculo esquelético e nos tecidos adiposos (Hajiaghaalipour et al, 2015).
Estudo em vitro mostrou que a concentracdo de 5 e 25 uM de eriodictiol promoveu a
captacdo de glicose estimulada por insulina e aumentou a expressdo de receptores
ativados por proliferadores de peroxissoma gama 2 (PPARYy2) em adipdcitos 3T3-L1
(Zang et al, 2012). Além disso, a suplementacdo com naringenina (25 mg / kg) em ratos
diabéticos durante 45 dias reduziu hiperglicemia, hiperinsulinemia e modulou as

expressdes de GLUT-4 (David et al, 2015).
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Tabela 1. Efeitos das flavanonas em estudos in vivo

biomarcadores de estresse oxidativo

Estudos Flavanona Doses Duracéo Resultados Referéncias
200 mg/kg . . .
L Aumentou a capacidade antioxidante total do soro e Ferreira et al,
Camundongos C57BL / 6J Eriocitrina é:l(?rsgfgl 4 semanas restringiu a elevacio da IL-6, MCP-1 e PCR-us 2016
Promoveu efeito redutor do colesterol total, VLDL + Mivake et al
Ratos Sprague-Dawley Eriocitrina 0,35% 21 dias LDL e triglicérides no soro de ratos alimentados com y2006 ’
dieta rica em gordura e colesterol
600 mg/kg Suprimiu os aumentos dos niveis de TBARS causados Minato et al
Ratos Wistar machos Eriocitrina de peso Agudo pela peroxidagdo lipidica durante o exercicio agudo, 2003 ’
corporal além de manter os niveis de glutationa redutase
Ratos Wistar diabéticos Hesperidina 1%2 m;/(l)(g A semanas Normalizou os niveis de glicose sanguinea alterando a Rekha et al,
com infarto do miocéardio P corgoral atividade das enzimas reguladoras da glicose 2019
Ratos Wistar tratados com 50 mg/kg Atenuou o estresse oxidativo mediado pela
alto teor de gordura / - . . S - N ; Zhang, et al
. Hesperidina de peso 30 dias hiperglicemia e a producéo de citocinas pro-
estreptozotocina corporal inflamatdrias 2012
(HFD/STZ) P
0, 2 g/kg Reduziu a glicemia de jejum, além disso, reduziu a
Camundongos C57BL / Hesperidina de peso 5 semanas expressao do GLUT-2 no hepatdcito e aumentou o Jung, etal,
KsJ-db / db PR 2006
corporal GLUT-4 no adipécito
Ratos diabéticos mdt_mdos Naringenina 0,05% 24 semanas Aumentou a expressdo dos GLUT 1 e 3 Sandeep etal,
por estreptozotocina 2017
e . 5a10mg/ Diminuiu os niveis de malonaldeido e as atividades
Ratos diabéticos induzidos . . L. . . Ren, et al,
X Naringenina kg de peso 6 semanas de superdxido dismutase, catalase e enzima
por estreptozotocina . 2016
corporal glutationa.
Diminui alteragGes induzidas por diabetes como os
e . 25e 50 mg P . P o . -
Ratos diabéticos induzidos Naringenina / ka de peso 5 semanas niveis de glicose sérica, insulina e citocinas pro- Al-Rejaie, et al,
por estreptozotocina g c%rpo?al inflamatdrias (TNF-alfa, IL-1beta e IL-6). Diminuiu 2015




Tabela 2. Efeitos das flavanonas em estudos clinicos

placebo, ensaio
crossover

Individuos Flavanona Desenho Dose Duracdo Resultados
Estudo
randomizado, Melhorou a capacidade antioxidante e
60 individuos com Hesperidina duplo-cego, 500 ma / dia 6 semanas controle glicémico, reduzindo danos | Homayouni, et
diabetes mellitus tipo 2 P controlado por 9 oxidativos ao DNA e peroxidagao al 2017
placebo, ensaio lipidica
paralelo
Estudo
randomizado,
48 individuos com Hesperidina duplo-cego, 500 mg/dia 8 semanas Reduziu os niveis da glicemia em Mohammadi,
diabetes mellitus tipo 2 controlado por jejum e hemoglobina Alc 2015
placebo, ensaio
paralelo
Estudo
o, randomizado, Diminuiu os niveis séricos de E- .
75 individuos com - . . N Haidari, et al
infarto do miocardio Hesperidina duplo-cego 600 mg/dia 4 semanas selectlr_1a e aumentou as concentracoes 2015
controlado, de adiponectina e colesterol HDL-C
ensaio paralelo
Estudo
randomizado,
24 individuos com Hesperidina duplo-cego, 450 mg / d 3 semanas Reduziu os marcadores de inflamagéo Riza et al,
Sindrome Metabdlica controlado por (PCRus, E-selectina) 2012
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Dentre as acOes anti-inflamatorias pode se citar que as flavanonas sao capazes de
suprimir a producdo de mediadores pré-inflamatorios, principalmente TNF-a e IL-6,
devido a inativagdo do fator de transcri¢do NF«kB (Yoshida et al, 2010). Estudo realizado
em camundongos mostrou que a suplementacdo com eriocitrina reduziu 0s niveis
sanguineos de IL-6, MCP-1 e PCRus (Ferreira, et al, 2016). Outro estudo realizado com
individuos com sindrome metabdlica mostrou que a suplementacdo de 500 mg/dia
hesperidina reduziu os niveis de PCRus, amiloide sérica e E-selectina apds 3 semanas
(Rizza, et al, 2011).

Em relacdo a acdo antioxidante, as flavanonas tem a capacidade de promover a
ativacdo do Nrf2, que é considerado regulador chave da resposta antioxidante do
organismo, sendo responsavel por induzir a expressdao de enzimas antioxidantes, como
superdxido dismutase e catalase (Hu et al, 2012; Lee et al, 2015; Parhiz et al, 2015). Em
individuos diabéticos, a ativagdo do Nrf2 protege as células B pancreaticas contra varios
insultos, mantendo a homeostase da glicose e aumentando a sensibilidade a insulina
(Sireesh et al, 2018). Estudo in vivo, mostrou que a suplementacdo com eriocitrina
aumentou as enzimas catalase e glutationa no figado e diminuiu a peroxidacao lipidica no
sangue, figado e rins de ratos diabéticos (Minato et al, 2003). Além disso, estudo realizado
com 64 diabeticos tipo 2 mostrou que a suplementacdo com 500 mg/ dia de hesperidina
por 6 semanas aumentou 0s niveis de capacidade antioxidante e reduziu os niveis de
malonaldeido (Homayouni et al, 2017).

Assim, com base nas evidéncias que mostraram ac¢Ges benéficas dos flavonoides
citricos na resisténcia a insulina e normalizacdo da glicose sanguinea, a hipétese desse
estudo foi que a suplementacdo de flavonoides citricos reduz a hiperglicemia e a
resisténcia insulinica, além de exercer agdes beneficas no perfil lipidico, nos

biomarcadores inflamatdrios, hepaticos e renais.
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CAPITULO 1.

Effectiveness of Eriomin® in managing hyperglycemia and
reversal of pre-diabetes condition: a double-blind,

randomized, controlled study
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Abstract

This study evaluated the effect of different doses of Eriomin® on hyperglycemia and
insulin resistance associated with other metabolic biomarkers in pre-diabetic individuals.
Pre-diabetes patients (n = 103, 49 + 10 y) were randomly divided into four parallel groups:
(1) Placebo; (2) Eriomin 200 mg; (3) Eriomin 400 mg; (4) Eriomin 800 mg. Evaluation
biochemical, metabolic, inflammatory, liver, renal, anthropometric markers blood
pressure and dietary parameters were analyzed during 12 weeks of intervention.
Treatment with all doses of Eriomin (200 mg, 400 mg and 800 mg) were similar and
altered significantly the following variables: blood glucose (-5 %), insulin resistance (-7
%), glucose intolerance (-7 %), glycated hemoglobin (-2 %), glucagon (-6.5 %), C-peptide
(-5 %), hsCRP (-12 %), interleukin-6 (-13 %), TNFa (-11 %), lipid peroxidation (-17%),
systolic blood pressure (-8 %), GLP-1 (+15 %), adiponectin (+19 %), and antioxidant
capacity (+6 %). Eriomin or placebo did not influence the anthropometric and dietary
variables. Short-term intervention with Eriomin, at doses of 200, 400 or 800 mg / d,
benefited glycemic control, reduced systemic inflammation and oxidative stress, and

reversed the pre-diabetic condition in 24% of the evaluated patients.

Keywords: Prediabetic state, hyperglycemia, insulin resistance, flavonoids
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1| Introduction

Rapid aging of the population, combined with sedentary habits and inadequate
diet, play an important role in the epidemic of pre-diabetes and type 2 diabetes. Currently,
425 million people live with type 2 diabetes and 374 million have pre-diabetes worldwide
(IDF, 2017). People with pre-diabetes are defined by three specific parameters: 1°) altered
fasting glycemia, defined by fasting blood glucose between 6.0 and 6.9 mmol/L (100 to
125 mg/dL); 2°) impaired glucose tolerance, defined by oral glucose tolerance test
(OGTT) between 7.8 and 11.0 mmol/L (140-200 mg/dL), or the combination of both
previous conditions; and 3°) HbAlc between 5.7% and 6.4% (ADA, 2018).

The pathophysiology of pre-diabetes is complex and involves the combination of
multiple changes in the mechanisms involved in glucose homeostasis. Similar to type 2
diabetes, pre-diabetes is associated with increased glucose levels, decreased insulin
sensitivity, increased inflammatory cytokines, and altered incretin responses (Brannick,
Wyn, & Dagogo, 2016). Pre-diabetes usually has no apparent signs or symptoms but may
progress to type 2 diabetes with microvascular and macrovascular complications such as
retinopathy, microalbuminuria, neuropathy, and cardiovascular disease. For this reason,
prevent or retard the progression to type 2 diabetes in this population is a relevant
therapeutic goal. Recommendations include changes in lifestyle, such as regular physical
activity combined with a balanced diet and use of antidiabetic drugs (ADA, 2018;
Wasserman, Wang, & Brown, 2018). However, changes in lifestyle can be difficult to
maintain in the long run, and antidiabetic drugs may be associated with side effects
(Roberts et al., 2018).

Nutraceuticals may represent a complementary or adjunct alternative to drugs
prescribed in the treatment of pre-diabetes. Among these, supplement of citrus flavonoids,

has been shown to have anti-inflammatory, antihyperglycemic and antioxidant properties
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(Minato et al., 2003; Zaidun, Thent, Latiff, 2018; Miyake et al., 2006). Experimental mice
(C57BL/6J) supplemented with eriocitrin (140 mg/kg/day) showed an increase of total
antioxidant capacity and decreased inflammatory markers (IL-6, MCP-1 and hsPCR) in
the blood circulating and organs (Ferreira, Spolidorio, Manthey, & Cesar, 2016). Another
study showed that hesperidin supplementation reduced plasma glucose levels in subjects
with type 2 diabetes (Homayouni et al., 2018). An in vitro study showed that naringenin
improved hyperglycemia by inhibits Toll-like receptor 2 expression in adipose tissue of
high-fat diet-fed mice (Yoshida et al., 2013).

Although the antioxidant and anti-inflammatory activities of citrus flavonoids
have been widely recognized (Parhiz et al, 2015; Yi, Ma, & Ren, 2017), there is a lack of
information about their actions on metabolic disorders related to pre-diabetes in humans,
as well information about potentially effective doses. Therefore, this study aimed to
investigate the efficacy of three increasing doses (200, 400 and 800 mg/d) of Eriomin®
on biochemical, metabolic and inflammatory markers, and the potential of Eriomin for

reversal of the pre-diabetic condition.

2 | Methods
2.1 | Trial design

A double-blind, randomized, placebo-controlled, parallel-design trial was
conducted in the Pharmacy School, Sao Paulo State University, Brazil, between
November 2017 and February 2018 according to the CONSORT 2010. To evaluate the
effectiveness of Eriomin®, three distinct doses were selected based on the basis of
previous clinical trials performed with hesperidin, which average dose given was around
500 mg, ranging from 146 mg to 1000 mg (Morand et al., 2011; Homayouni, et al., 2018;

Mohammadi et al., 2015; Demonty et al, 2010). All recruited individuals (n = 120) were
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randomized (block size) by random computer-generated numbers. Subjects were
allocated into four groups: (1) Placebo: 30 subjects given a daily dose of 400 mg placebo;
(2) Eriomin 200 mg: 30 subjects given a daily dose of 200 mg Eriomin; (3) Eriomin 400
mg: 30 subjects given a daily dose of 400 mg Eriomin; (4) Eriomin 800 mg: 30 subjects
given a daily dose of 800 mg Eriomin. The randomization scheme was performed by an

independent researcher.

2.2 | Ethics approval and consent to participate

The procedures performed in this study followed the ethical guidelines of the
National Health Council (Res. 466/12) and Declaration of Helsinki (1964). The protocol
was cleared by the Ethical Board of the Pharmacy School of UNESP (CAAE:
67610217.6.0000.5426), and registered at ClinicalTrials.gov (NCT03215043). All

individuals signed an Informed Consent Form before starting the study.

2.3| Subjects

Subjects were recruited through advertisement in the local media (websites, radio
and newspapers), distribution of fliers in the community, City Health Center and
University email lists. Individuals of both sexes, aged 35-60 years, and with pre-diabetes
were considered eligible to participate in the study, because pre-diabetes is more prevalent
in middle-aged adults, and below 60 years because the confounding factor of aging. Pre-
diabetic subjects were selected according to the Expert Panel of the American Diabetes
Association (2018), which include these following features: (1) impaired glucose
metabolism, (2) glucose intolerance, and (3) glycated hemoglobin > 5.7%.

The exclusion criteria were as follows: pregnancy; smoking; history of diabetes

mellitus, cardiovascular, hepatic, renal, disease; use of dietary supplements (vitamins,
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minerals, bioflavonoids, probiotic, symbiotic or other bioactive compound); continuous
use drugs; history of drug or alcohol abuse; intense physical exercise (more than 10 h per
week). Exclusion criteria after randomization were: non-collection of blood samples or

less consumption of 90% of the capsules.

2.4 | Sample size
The primary endpoint was serum glucose, and sample size was estimated based
on a similar clinical study (Mohammadi et al., 2015). The sample size for the parallel

(02+0%) (Za+Zp)*
(H2—uq1)?

clinical trial was calculated statistically (N = ), with significance level

of 5% and 80% power. The minimum sample size was 24 individuals per group and, in

anticipation of a 15% dropout rate, 30 individuals were considered per intervention group.

2.5 | Intervention

The intervention product was Eriomin®, supplement of citrus flavonoids provided
by Ingredients by Nature TM, Montclair, CA. The purity was determined by HPLC and
which contains 70% eriocitrin, 5% hesperidin, 4% naringin and 1% didymin. The
placebo, containing 100% microcrystalline corn starch, was formulated by an
independent pharmacist and its appearance was as similar as possible to the active
supplement. Subjects were instructed to consume one capsule after dinner with a glass of
water during 12 weeks. Supplement and placebo were given to participants every two
weeks after randomization. Containers and capsules of Eriomin and placebo were
encapsulated in tablets of the same size, shape, color and were prepared by a pharmacist
who did not participate in the study. The container label held only the patient
identification number. Thus, both the investigator and the patients were blind from the

time of randomization until the analysis was complete.
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Conformity was assessed by counting unused capsules at each visit. Participants
who consumed more than 90% of the provided capsules and completed all evaluations

had good compliance and were included in the statistical analysis.

2.6 | Study Procedures
Laboratory Analyzes

Overnight fasting blood samples were obtained in the beginning of the 1st, 4th,
8th and 12th intervention at the Sdo Lucas Clinical Analyzes Laboratory, Araraquara-SP,
and blood serum was stored at —80°C. Biochemical markers: Fasting glucose, glucose
tolerance (OGTT), glycated hemoglobin (HbA1c), insulin, total cholesterol, high-density
lipoprotein (HDL- cholesterol), triglycerides were performed by commercial Kits
(Labtest, Brazil). Low-density lipoprotein (LDL- cholesterol) was calculated (Friedwald,
Levy, & Friedrickson,1972). Homeostasis Model Assessment (HOMA-IR) was
calculated and the cutoff set at > 2.71 (Matthews et al, 1985). Metabolic and
inflammatory markers: Glucagon-like peptide 1 (GLP-1), glucagon, C-peptide,
adiponectin, tumor necrosis factor alpha (TNF-a), interleukin 6 (IL-6) and high-
sensitivity C-reactive protein (hsCRP), was performed by Luminex Milliplex® (RP3X
Scientific, Ribeirao SP, Brazil). Lipid peroxidation was assessed by TBARS assay (Yagi,
1998) and total antioxidant capacity by radical ABTSe+ assay (Re et al, 1999). Liver and
renal markers: Aspartate transaminase (AST), alanine transaminase (ALT), alkaline
phosphatase (ALP), and gamma-glutamyl transferase (yGT) and creatinine, were

performed by commercial kits (Labtest, Brazil).
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Anthropometry and blood pressure

In the beginning of the 1%, 4" 8" and 12" week it was evaluated the following
anthropometric parameters: body weight (kg), muscle mass (kg), fat mass (kg), body fat
(%) (InBody 720, Biospace, Tokyo, Japan), BMI was calculated by following
computation: weight in kg/height in meters squared and waist-to-hip ratio was evaluated
according to WHO,2008. Blood pressure was measured with digital monitor (ReliOn,

HEM-741 CRELN, USA).

Dietary parameters

Subjects were instructed to maintain their usual diet and physical activity during
the total experimental period. In the beginning of the 1st, 4th, 8th and 12th week
registered nutritionists have analyzed usual dietary intake by a 3-day dietary record non-
consecutive, and the analysis of energy and macronutrient and micronutrient intake was
performed using the DietBox®, based on the Brazilian Table of Food Composition

(Unicamp, 2006).

Clinical reversal of pre-diabetic condition
For the calculation of the clinical condition reversal, it was considered whether
the individual after treatment had fasting glycemia levels < 99 mg/dL or glucose of 2-

hours after OGTT <40 mg / dL or glycated hemoglobin levels < 5, 7%.

2.7 | Adverse events
Adverse effects were previously defined by the investigators as the presence of
any unfavorable and unintended signs on the health and well-being of individuals,

abnormal laboratory findings, symptoms and/or diseases temporarily associated after

31



administration of Eriomin® or placebo. During the intervention, patients were questioned
bi-weekly by nutritionists for the eventual occurrence of nausea, vomiting, diarrhea or

any change in general well-being or illness.

2.8 | Outcomes Measures

The primary outcome was serum fasting glucose. The secondary outcome were
glucose tolerance (OGTT), HbAlc, insulin, HOMA-IR, total cholesterol, triglycerides,
HDL- cholesterol, LDL- cholesterol, ALP, yGT, AST, ALT, GLP-1, glucagon, C-peptide,
TNF-a, IL-6, hsCRP, antioxidant capacity, serum lipid peroxidation, clinical reversal of
pre-diabetic condition, body weight, body mass index (BMI), muscle mass, fat mass,
body fat and waist-to-hip ratio, systolic and diastolic blood pressure and intake of
macronutrients and micronutrients. Confounder variables, as physical activity, diet and
anthropometry were strict controlled by biweekly monitoring of each patient, so that they

not influence glycemic control or other results.

2.9 | Statistical Analysis

Data are presented as mean + SD. Statistical analysis was performed using SPSS
22 (Statistical Package Social Sciences). One-way ANOVA was used to identify
differences between groups in the baseline period. Two-way repeated measures ANOVA
followed by Sidak post hoc test were apply to compare changes within and between

groups over 12 weeks. The significance was p < 0.05.

3| Results

3.1 | Individuals
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One hundred and three subjects, 49 men and 54 women, 49 £ 10 y, previously
classified as pre-diabetic, were included in this study; 17 participants were excluded for
the following reasons: low compliance to product intake (i.e., < 90% compliance, n = 6),
disease (n = 3), family circumstances (n = 2), moved away (n = 1), and did not attend
samples withdrawal (n = 5) (Figure 1). The baseline characteristics of all participants were
similar among the groups: placebo and 200 mg, 400 mg and 800 mg Eriomin, as shown

in Table 1.

3.2 | Biochemical Markers

Fasting blood glucose levels were reduced after Eriomin treatment in all tested
doses. The reductions of 6% were observed at a dose of Eriomin of 200 mg (p < 0.01),
5% in 400 mg Eriomin (p < 0.01) and 4% in 800 mg Eriomin (p = 0.041) at the end of
treatment. On the other hand, subjects in the placebo group had an increase in fasting
blood glucose levels after twelve weeks (Table 2). Glucose of 2-hours after OGTT was
significantly reduced by 7% with administration of 200 or 400 mg of Eriomin and 6%
with the dose of 800 mg after 12 weeks of treatment (Table 2). In addition, there was a
mean reduction of 2% in HbA1c levels in the three groups supplemented with Eriomin (p
< 0.05), whereas placebo showed no change during intervention time (Table 2). All
volunteers had insulin resistance at the beginning, during, and at the end of the experiment
(HOMA-IR > 2.71), but there was a reduction of 8% after intervention with 200 mg of
Eriomin (p = 0.037), 7% with 400 mg (p = 0.043) and 6% with 800 mg (p = 0.042) (Table
2) and triglycerides during and at the end of the experimental period (Table 2). Regarding
to blood lipids, there was no reduction in total cholesterol, LDL-cholesterol, HDL-

cholesterol in the placebo group and supplemented with Eriomin (200,400 and 800mg).
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3.3 | Metabolic and inflammatory markers

Levels of blood plasma GLP-1 increased 15% for all tested doses of Eriomin: 200,
400, and 800 mg (p <0.001). After intervention, Eriomin supplementation (200, 400 and
800 mg) also promoted an average reduction of 6.5% of glucagon (p <0.001) and 5% of
C-peptide levels (p <0.001). No change was observed in the placebo group during
treatment (Table 3).

Eriomin supplementation for all doses tested (200, 400 and 800 mg/d) promoted
a mean reduction of 12% in hsCRP levels (p <0.050), 13% in IL-6 (p = 0.034), 12% in
TNF-a (p =0.041), 17% in lipid peroxidation levels (p <0.010). Serum adiponectin levels
increased by 19% in the Eriomin 200 mg group (p <0.010), 22% in 400 mg (p <0.010)
and 17% in 800 mg (p <0.050) after 12 weeks. In addition, individuals supplemented with
Eriomin had a 6% increase in antioxidant capacity (p = 0.031). Placebo showed no change

in these parameters during intervention (Table 3).

3.4 | Liver and renal markers
Hepatic enzymes (AST, ALT, ALP, yGT), and marker of renal function
(creatinine) remained unchanged during the experiment in all three groups supplemented

with Eriomin and at placebo (Table 4).

3.5 | Anthropometry and blood pressure

Supplementation with Eriomin (200, 400 and 800 mg/d) and placebo had no effect
on body weight, BMI, lean mass, fat mass, fat percentage and hip waist ratio. However,
all doses of Eriomin supplementation promoted a mean systolic blood pressure reduction
of 7%. Diastolic blood pressure remained unchanged in the groups throughout the study

(Table 5).
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3.6 | Dietary parameters

Intake of energy and macronutrients (carbohydrates, proteins, lipids) and
cholesterol, saturated fatty acid, fibers, vitamin E and vitamin C were not significantly
altered in patients supplemented with Eriomin or placebo during the 12-week intervention

(Table 6).

3.7 | Clinical reversal of pre-diabetic condition

After 12 weeks, 27% of subjects supplemented with Eriomin 200, 22% with
Eriomin 400 mg and 24% with Eriomin 800 reversed pre-diabetes to the normal condition
(euglycemia). The placebo group maintained the same number of pre-diabetic individuals

(Figure 2).

3.8 | Dose-dependent

According to our results there was no dose-dependent effect, Eriomin
supplementation for all doses tested (200, 400 and 800 mg/d) promoted similar effects on
the reduction of fasting blood glucose, impaired glucose tolerance, HOMA-IR, HbAlc,
glucagon, C peptide, hsCRP, IL-6 and TNF-a and increased similar in blood levels of

GLP-1, adiponectin and antioxidant capacity.

3.9 | Adverse effects and safety of Eriomin

During the study, seven adverse events were reported: two cases in the Eriomin
800 group (1 pasty stools and 1 headache), two cases in the 400 group (2 pasty stools),
one case in the 200 group (1 pasty stools) and two cases in the placebo group (1 pasty

stools and 1 headache). The frequencies of these events did not differ between groups (p>
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0.05), showing that, in general, Eriomin supplementation was well tolerated, without
reports of severe or chronic adverse events. Furthermore, liver and kidney functions were

unchanged in all groups during treatment.

4 | Discussion

This study evaluated the efficacy of Eriomin® in the management of
hyperglycemia, inflammatory and metabolic parameters, and its contribution to the
reversal of the pre-diabetes state in a short time interval. After 12 weeks of Eriomin
supplementation with 200, 400 or 800 mg per day there was a significant decrease in
fasting glycemia, impaired glucose tolerance, HOMA-IR, HbAlc, glucagon, C-peptide,
hsCRP, IL-6 and TNF-a. In addition, there were increases in the blood levels of GLP-1,
adiponectin and antioxidant capacity. The lack of dose dependence means that there is a
biochemical gate regulating the magnitude of the changes measured in this study,
saturated at concentrations of 200 mg or less. This means that there may be a set of
preliminary biochemical events, very tightly controlled by very low concentrations of
Eriomin, for which there is still no clear information.

Under Eriomin supplementation, 5% reduction in glycemic levels and 7%
reduction in the glucose tolerance test occurred. Serum HbALc and insulin resistance, as
measure by HOMA-IR, reduced by 2% and 7%, respectively. These findings were
clinically relevant because after treatment with Eriomin 24% of patients reversed the pre-
diabetic clinical condition for normal glycemia and / or lower glucose intolerance.
Eriocitrin, hesperidin, naringin and its metabolites aglycones eriodictiol, hesperetin,
naringenin, have been identified as antidiabetic compounds because of their
hypoglycemic effects, observed in vitro and in vivo studies. (Zhang et al., 2012; Bucolo,

Leggio, Drago, & Salomone, et al., 2012; Fukuchi et al., 2008). In type 2 diabetic mice,
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hesperidin and naringin appear to regulate the activities of hepatic enzymes involved in
gluconeogenesis and glycolysis (Jung, Lee, Jeong & Choi, 2004). These flavanones were
also able to reduce the expression of glucose-6-phosphatase  mMRNA,
phosphoenolpyruvate carboxykinase (PEPCK) and hepatic GLUT2, and increase GLUT4
expression in adipocytes (Jung, Lee, Park, Kang & Choi, 2006). More recently, it was
shown that eriodictyol regulates the expression of peroxisome proliferator-activated
receptor gamma (PPARY) mRNA, in hepatocytes and adipocytes, which activates insulin
signaling and promotes translocation of the glucose transporter GLUT4, increasing
intracellular glucose uptake and consequently improving insulin sensitivity (Zhang et al.,
2012).

It has been reported that pre-diabetic individuals have impaired serum GLP-1
secretion, and incretin secreted by intestinal L cells after carbohydrate ingestion (Wang
2016). GLP-1 is involved in regulating glucose metabolism, stimulating insulin secretion
and inhibiting glucagon secretion, thereby lowering plasma glucose levels (Gastaldelli,
Gaggini, & Fronzo, 2017). In our study, all doses of Eriomin promoted a 15% increase in
GLP-1 levels and a 6% reduction in glucagon levels, which presumably may be associated
with improved hyperglycemia in pre-diabetic volunteers. A recent review described new
mechanisms of how citrus flavonoids act in the secretion and signaling of GLP-1 to
regulate the glucose metabolism (Dominguez Avila, Rodrigo Garcia, Gonzélez Aguilar,
& Rosa, 2017). This fact was demonstrated in experiments with naringin, a citrus
flavanone, which inhibited dipeptidil peptidase 4 (DPP-4) by increasing the half-life of
GLP-1, improving insulin secretion and glucose uptake (Parmar et al., 2012).

Another important marker for the pre-diabetic condition is the low level of
adiponectin, an adipokine that plays a crucial role in insulin sensitivity and regulation of

glucose metabolism, and is also considered a risk factor for cardiovascular disease
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(Banerjee et al., 2017; Lai, Lin, Xing, Weng & Zhang, 2015). Previous studies, showed
citrus flavonoids positively regulate adiponectin transcription in adipocytes and increase
their levels in patients with myocardial infarction (Liu et al., 2008; Haidari et al., 2015).
These data corroborate with our findings, where supplementation with Eriomin increased
serum adiponectin levels by 18% and reduced the concentration of C-peptide by 5%, an
important marker of beta cell function that allows differentiation between the prognosis
of type 1 and type 2 diabetes (Kim et al., 2016).

Increased production of proinflammatory cytokines, such as IL-6 and TNF-a,
plays an important role in the pathogenesis of type 2 diabetes and contributes to long-
term micro and macrovascular complications (Navarro & Mora, 2006; Forbes & Cooper
2013). Pre-diabetic patients exhibit higher levels of these markers during disease
progression (Dorcely et al., 2017). Results of our study showed that Eriomin lowered the
low-grade inflammation in pre-diabetic patients by reductions of serum levels of hsCRP
(-12%), IL- 6 (-13%) and TNF-a (-11%). Previous study in mice supplemented with
eriocitrin or eriodictyol also showed decreases in the elevated levels of IL-6 and hsCRP
caused by a high-fat diet (Ferreira, Spolidorio, Manthey, & Cesar, 2016). Another study
showed that eriodictyol had inhibitory effects on mRNA expression of IL-6 and TNF-a
(Lee, 2011). Some mechanisms have been proposed to explain the anti-inflammatory
properties of citrus flavonoids, which include activation of PPARy expression and
inhibition of nuclear factor kappa B (NFxB), with consequent reduction of inflammatory
cytokine secretion and increase of adiponectin (Lee, 2011; Gamo, Miyachi, Nakamura,
& Matsuura, 2014).

Hyperglycemia is associated with oxidative stress, which plays an important role
at the progression of type 2 diabetes, insulin resistance and p-cell dysfunction (Rehman,

& Akash, 2017). In contrast, flavonoids act as antioxidants against various diseases by
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neutralizing the effects oxidative stress (Kawser et al., 2016). In the present study,
Eriomin supplementation resulted in improved blood serum antioxidant status and
reduced oxidative stress, evidenced by increased antioxidant capacity (+6%) associated
with reduced lipid peroxidation marker (-17%). Our results are consistent with previous
studies, which observed a reduction of lipid peroxidation on the blood serum, liver and
kidneys of diabetic rats treated with eriocitrin (Miyake, Yamamoto, Tsujihara & Osawa,
1998; Ferreira, Spolidorio, Manthey, & Cesar, 2016; Bucolo, Leggio, Drago, &
Salomone, 2012). In addition, eriodictyol protected against kidney injury through
activating nuclear factor-erythroid related factor 2 (Nrf2) (Li et al., 2016). In diabetic
individuals, the activation of Nrf2 protects pancreatic 3 cells against various insults, thus
maintaining glucose homeostasis and also increasing insulin sensitivity (Sireesh,
Dhamodharan, Ezhilarasi, Vijay, & Ramkumar, 2018). The tendency of eriodictyol to
inhibit free radical-mediated events is governed by its chemical structure. Double bonds,
hydroxyl groups and carbonyl function confer antioxidant and anti-apoptotic properties
of flavonoid molecules (Bucolo, Leggio, Drago & Salomone, 2012). According to
Miyake et al (1998), eriocitrin has stronger antioxidant activity than the other citrus
flavonoid compounds due to its multiple hydroxyl groups.

Eriomin supplementation during 12 weeks was well tolerated by patients, since
AST, ALT, ALP and yGT levels remained at normal levels. Altered levels of these
enzymes reflect damage to hepatocytes and are considered sensitive and specific clinical
biomarkers for hepatotoxicity (Ozer et al., 2008). These results suggest absence or non-
detectable toxicity or impairment of liver function, as previously shown of lemon
flavonoid supplementation (Hiramitsu et al., 2014). In addition, a study with mice showed
that eriocitrin protected against liver damage caused by consumption of the high-fat diet

(Ferreira, Spolidorio, Manthey & Cesar, 2016).
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This study showed strong aspects, including: 1) double-blinded, placebo-
controlled design, 2) high adherence of patients attested by the low number of withdrawal,
and 3) evaluation of Eriomin adverse effects and toxicity (liver enzymes and creatinine).
However, some limitations were also observed, such as the relatively short duration of
the study (12 weeks), and indirect observation of dietary intake and physical activity
through recorded. More studies with longer intervention time and larger sample sizes are
needed to better understand the effects of Eriomin in attenuating hyperglycemia in pre-
diabetic subjects. In addition, this lack of dose response suggests that studies with doses
below 200mg should be performed.

In conclusion, this study showed that short-term intervention with Eriomin®
benefited glycemic control, lowered the systemic inflammation and oxidative stress, and

reversed the pre-diabetic condition in 24% of total patients evaluated for all dose tested.
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Table 1: Baseline characteristics of pre-diabetic individual’s subject to supplementation
with 200, 400 or 800 mg/day for 12 weeks

. Eriomin
Variables Placebo 200 mg 400 mg 800 mg
n=25 n=26 n=27 n=25

Age 47 £ 12 51+11 48+9 51+8
Glucose, mg/dL 104 £ 10 104 + 13 104 £ 10 103 £ 13
OGTT, mg/dL 150 + 17 149 + 21 151 +19 151 +19
Insulin , pU/mL 191+ 65 194+72 193+9.0 194+ 6.6
HOMA-IR 470+202 470+138 471+226 4.71+156
HbAlc, % 58+05 58+04 58+05 58+05
Total Cholesterol, mg/dL 193 +£32 184 £ 41 190 + 35 184 + 40
LDL - cholesterol, mg/dL 116 + 19 105+ 19 112 + 22 106 £ 35
HDL - cholesterol, mg/dL 47 +£11 46 +11 46+ 8 46 + 11
Triglycerides, mg/dL 146 £ 78 152 £ 41 151 + 69 162 + 93
Aspartate transaminase, U/L 221+75 220+£7.0 235+7.2 215+53
Alanine transaminase, U/L 256151 241+105 2711129 226+7.6
Alkaline phosphatase, U/L 63.0+156 60.8+184 59.8+17.6 59.8+17.6
v Glutamiltransferase, U/L 427+308 41.0+345 498+583 340+14.4
hsCRP, mg/dL 043+036 044+033 042+£0.30 0.41+042
Glucagon-like peptide-1, pmol/L 848+1.96 852+272 855+275 857+211
Glucagon, pg/mL 143 +19 144 + 23 142 + 19 143 £ 14
C-peptide, pg/mL 2122 £ 636 2172727 2163 +767 2151 +624
IL-6, pg/mL 6.84+433 6.83+3.12 6.82+443 6.83+£4.92
TNF-a, pg/mL 564+173 566+191 567+£188 565+1.79
Lipid peroxidation, [MDA] mM 1.77£091 177058 1.78+0.67 1.77+0.82
Antioxidant capacity, uM 1.87+003 188+0.09 188+0.03 1.87+0.09
BMI, kg/m? 342+75 343+7.1 339166 340+7.0
Ratio Waist / Hip 1.06+£0.15 1.05+0.10 1.06+0.11 1.06+0.17
Systolic Blood Pressure, mmHg 135+ 12 133+ 10 133+ 11 134+ 9
Diastolic Blood Pressure, mmHg 788+156 80.0+80 778+£10.0 81.2%6.7

BMI, body mass index; OGTT, 2 hours’ oral glucose tolerance test; HOMA-IR, homeostasis model assessment—
insulin resistance; HbAlc, glycated hemoglobin; hsCRP, high-sensitivity C-reactive protein; IL-6: interleukin 6;
TNF-a: tumor necrosis factor alpha; BMI, body mass index;

Data are presented as mean + SD
Anova One-Way, p <0.05
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Table 2: Biochemical markers of pre-diabetic individual’s subject to supplementation
with 200, 400 or 800 mg/day for 12 weeks

Variables Period Eriomin
week Placebo 200 mg 400 mg 800 mg
0  104+10  104+13° 104+10° 103+ 137
4 104+13A  99+11bB  101+12bB 100+ 1258
8 103 +14 A 99+1108B 100 + 10 b8 100 + 11 0B
Glucose, mg/dL 12  105+16A 98+105B 99 + 10 b8 99 + 11 b8
- 0, - 0, - 0,
S 10% 5.8% 4288 g;o 3.9%
0 15017  149+21° 151+ 19° 151 + 19°
12 151+22A  139+10°8  140+18°8  141+1758
OGGT, mg/dL & . 6.7 % 73% -6.6%
0.7% -6.9 %
0 19165  104+72 193+ 9.0 194%66
4 101+76  191+76  189+10.3 19.3+58
. 8 100486  191+72 185+ 7.6 19.2 +8.0
Insulin, pU/mL 12 19.0+89  182+71 180+ 89 19.2+63
- 0, - 0, - 0,
Saromy  -05% 6.2 % 67% 1.0%
0 470+202 470+138° 471+226° 471+156°
4 A470+250 4.67+195% A466+247° 464+150°
HOMAIR 8  468+283 465+182° 458+1.98% 4.64+1.64°
12 474+281A 431+177P8 439+1.08P8 4.44+169b8
- 0, - 0, - 0,
Susow 0.9% 8.3% %E; gz) 5.7 %
0 581+050 582+042° 581+050° 580%051°
4 581+051 580+045% 581+052° 578+0.61°
HbALC. % 8  580+0517 571+045°8 572+051°8 573+052°%A
' 12  582+053° 568+041b8 570+042b8 57005108
- 0, - 0, - 0,
Swows  02% 2.4% 12% gz) 17 %
0 103+ 32 184 + 41 100 + 35 184 + 40
4 193 + 29 181 +38 190 + 37 184 + 41
Total Cholesterol, 8 103 + 24 181 + 40 188 + 30 182 + 40
mg/dL 12 195 + 27 181 + 40 187 + 36 182 + 40
- 0, - 0, - 0,
S0 10% 1.6% _]:.L..64$0 1.1%
0 116+ 19 105 * 19 112+22 106 £ 35
4 116 + 17 103 + 24 112 + 30 105 + 37
LDL-cholesterol, 8 116 + 23 103 + 27 110 +23 103 + 29
mg/dL 12 117 +23 103 + 26 110 + 23 103 + 25
- 0, - 0, - 0,
oo 000 1.9 % 1282 g;o 2.8%
0  473+113 463+109  466+7.91  46.0=109
4 474+100 455+996 455+681  457+9.91
HDL-cholesterol, 8  47.4+119 455+936  451+807  44.1+10.7
mg/dL 12 476+107 455+106  451+841  44.0+10.7
- 0, - 0, - 0,
Swows  06% 17 % 3321 g;o 43%

Two-way repeated measures ANOVA followed by Sidak test among groups (placebo, 200, 400 and 800 mg) over 12-

wk intervention period; p < 0.05 Different letters (a, b) indicate difference within the group, and different uppercase
letters (A, B) indicate difference between groups.



Table 3: Metabolic and inflammatory markers of pre-diabetic individual’s subject to

supplementation with 200, 400 or 800 mg/day for 12 weeks

Variables Period Eriomin
week Placebo 200 mg 400 mg 800 mg
0 143 + 19 144 + 2332 142 + 1932 143 + 1432
Glucagon, pg/mL 12 142 + 204 134 +21%8 135+ 19PB 132 +14bB
-6.9 % -4.9 % 7.7 %
S (12-0wk) -0.7 % 2 55 (yz 2
0 2122 + 636 2172 +7272% 2163 +7672% 2151+624°%
C-peptide, pg/mL 12 2106+675~ 2047 %6138 2055+ 803°8 2046 + 648 b°
5.8 % 5.0 % 4.9 %
0 (120 wk) -0.8 % 2 59 0/2 2
0 848+196 852+272% 855+275% 857+211°
GLP-1 rmol/L 12 8.50+1.96”A 9.85+268P8 980+1.95P8 9.89+21508
’ 15.6 % 14.6 % 15.4 %
S 12 0.2 %
(azowi ° 152 %
0 043+0.36 044+033% 042+030% 0.41+042°
hsCRP, mg/dL 12 0.43+0.41~ 0.38+0.25P8 0.39+0.348 (0.35+0.30PB
-13.6 % 7.1% -14.6 %
. 0.0 %
Ouzow ’ 118 %
0 6.84+433 6.83+3.12% 6.82+4.43° 6.83+4922
IL-6, pg/mL 12 6.82+4.61~ 589+223PB 584+304%8 603+3.80P8
-13.8 % -14.4 % -11.7 %
duzowy  03% ) 133% 0
0 564+173 566+191% 567+1.88% 565+1.792
TNF-0, pg/mL 12 563+2.03~ 498+159P8 506+1.63"8 502+1.96PB
-12.0 % -10.8 % -11.2 %
9 120wy 0.2% ; T13% 0
0 18.4+5.6 18.7+57% 179+75%  181+7.6°2
Adiponectin, pg/mL 12 18.7+53A 222+66PB 218+89PB 211+66b8B
’ 5 6% 18.7 % 21.8 % 16.6 %
(20w ' 19.0 %
0 1.77+091 1.77+0583% 178+0.67% 1.77+0822
Lipid peroxidation, 12 1.76 £0.94~ 133+067>8 153+0.86"8 1.54+0.84bB
[MDA] mM 24.9 % -14.0 % -13.0 %
O(12-0 wk) -0.6 % 2 173 (;; 2
0 1.87 £0.03 1.88 +0.092 188 +0.038 1.87+0.09?
Antioxidant 12 1.88+0.03~ 1.99+0.04PB 199+ 0.03°8 1.98+0.03bB
capacity, uM 5.9 % 5.9 % 5.3%
O (12-0wk) 0.5% > 57 (;; °

Two-way repeated measures ANOVA followed by Sidak test among groups (placebo, 200, 400 and 800 mg) over 12-
wk intervention period; p < 0.05 Different letters (a, b) indicate difference within the group, and different uppercase
letters (A, B) indicate difference between groups
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Table 4: Liver and renal markers of pre-diabetic individual’s subject to
supplementation with 200, 400 or 800 mg/day for 12 weeks

Variables Period Eriomin
week Placebo 200 400 800
0 221+75  220+70 235+72 215+ 53
4 225+75  215+59 23674  236+66
Aspartate transaminase 8 22.3+7.3 23.3+9.0 22979 22877
(AST), U/L 12 234+84  233+7.8  234+80 218463
5 wou 5.00% 5.9 % 0.4% 1.4 %
2.3%
0 256+151 241+105 27.1+129 226+ 76
4 251+131 231+ 83 208+160 248+ 92
Alanine transaminase 8 262+157 266+124 278+137 255%123
(ALT), UL 12 260+157 252+125 287+151 235+ 84
5 won 6% 4.6 % 2: Zfﬂ 4.0 %
0 63.0+156 60.8+184 59.8+17.6 59.8+17.6
4 624+156 60.7+214 57.3+17.6 57.3+176
Alkaline phosphatase 8 64.4+17.9 61.8 +23.0 61.3+21.9 61.3+21.9
(ALP), U/L 12 648+159 626+261 623+201 623+20.1
5 woms 20% 3.0 % 4.8% 42 %
4.0%
0 427+30.8 41.0+345 498+58.3 34.0+14.4
4 419+294 429+385 498+444 353+234
Gamma-
glutamyltransferase 8 448+321 430+327 50.0+495 357+209
(/GT), UIL 12 454+330 415+315 512+498 363%27.1
S arom 6.6 % 1.2% ig ZZ 6.8 %
0 080+0.18 0.85+021 0.82+024 0.83%0.16
4 083+0.19 0.84+020 0.80+0.18 0.80%0.15
Creatinine, mg/dL 8 082+020 085+016 0.81+0.19 0.81%0.17
12 083+0.22 085+018 0.81+021 0.80z0.18
S arons 28% 0.0 % j:é Zs 3.6 %

Two-way repeated measures ANOVA followed by Sidak test among groups (placebo, 200, 400 and 800 mg) over 12-
wk intervention period; p < 0.05 Different letters (a, b) indicate difference within the group, and different uppercase

letters (A, B) indicate difference between groups
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Table 5: Anthropometric markers and blood pressure of pre-diabetic individual’s
subject to supplementation with 200, 400 or 800 mg/day for 12 weeks

Variables Period Eriomin
week Placebo 200 400 800
0 135+ 12 133+10°  133+11° 134+ 9°
4 133+ 12 133+10°  133+11¢ 134+ 92
systolic Blood 8 134 + 10 128+12¢  131+11¢  129+10°
Pressure, mmHg 12 134+10~  123+11°B  122+13PB 123+ QP8
-7.5 % -8.3 % -8.2 %
S (120 wk) -0.7% > 8.0 %? :
0 788+156  800+80  77.8+100 812+ 6.7
4 772+11.7  80.0+7.0 77.8+101 804+ 6.8
Diastolic Blood 8 764+111  80.0+98 774+ 98 792+ 8.1
Pressure, mmHg 12 76.2+11.8 78.8x9.9 774+£99 780+ 6.5
1.5 % 05 % 3.9 %
O (12-0 wk) -3.3% 2 20 0/: 2
0 953+245 960220 959+188  96.0+200
4 953+246 96.0+22.0 957+191  96.0+216
. 8 952+248 961+217 958+192 957 +217
Body weight, kg 12 955+243 961+221 957+191  95.8+22.0
1% -0.2% -0.2%
O (120 wk) 0.2% 0.1% _%.10/(; 0.2 %
0 342+75  343+71  339+66  340%70
4 344+74  343+71  33.7+68  340+7.2
) 8 342+76  343+71  338+67  33.9+72
BMI, kg/m 12 345+6.7 342+62  337+69  342+71
0.3% -0.6 % 0.6 %
S (120 wk) 0.9 % 03 %
0 323+6.7  321+62  318+55  320%69
4 322+72  324+61  32.0+58  32.0+7.3
8 319+72  322+62  32.0+58  31.9+7.3
Lean mass, kg 12 324+71  324+64  320+56  31.9+74
0.9 % 0.6 % -0.3 %
O (120 wk) 0.3% - 0_40/(; -
0 387+156 385+168 378+154 390+143
4 388+151 382+17.0 374+156 388+147
8 388+151 385+168 37.3+156  38.0 +152
Fat mass, kg 12 389+152 382+169 37.3+155 38.0+154
5 0.5% -0.8 % -1.3% 2.6 %
(12'0‘Alk) -1.6%
0 390+93 389+ 00 388+107 396+ 8.8
4 391+88  387+102 387+11.1 389+ 01
8 396+84  389+100 385+112 388+ 95
(0)
Body fat, % 12 397+85 385+ 99 386+108 387+ 97
-1.0% -0.5% -2.3%
O (12-0 wk) 1.8% 13%
0 106015 1052010 1.06+011  106%017
4 1.06+019 1.05+010 1.05+0.12 1.05+0.17
o 8 106+019 105+010 1.05+012 1.05+0.18
Ratio Waist / Hip 12 106+012 105+010 1.05+0.10 1.05+0.12
5 0.0 % 0.0 % -0.9 % -0.9 %
(12-0 wk) '06 %

Two-way repeated measures ANOVA followed by Sidak test among groups (placebo, 200, 400 and 800 mg) over 12-wk
intervention period; p < 0.05 Different letters (a, b) indicate difference within the group, and different uppercase letters (A, B)
indicate difference between group
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Table 6: Dietary parameters of pre-diabetic individual’s subject to supplementation
with 200, 400 or 800 mg/day for 12 weeks

Variables Period Eriomin
week Placebo 200 400 800
0 1820 + 242 1879 + 214 1769 + 174 1840 + 270
4 1815 + 264 1893 + 223 1771 + 182 1832 + 257
Energy, Kcal 8 1817 + 240 1881 + 229 1772 £ 192 1840 + 260
' 12 1829 + 294 1873 + 240 1768 + 184 1845 + 255
- 0, - 0, 0,
5 wzow 0.7 % 0.3% 8(1)20//2 0.2%
0 253+ 34 255 + 32 248 + 25 253 +40
4 251 +37 256 + 34 250 + 26 250 + 38
Carbohydrate, g 8 252 +34 255+ 35 249 + 26 252 + 37
' 12 254 + 41 254 + 36 248 + 26 254 + 37
- 0, 0, 0,
5 aoom 03% 0.3 % 0(.)2/3/0 0.4%
0 68.5+9.4 68.8 +5.4 68.1+8.9 69.8 + 9.6
4 68.0+9.9 69.3 +6.0 68.8+9.1 69.7 £10.7
Protein. g 8 68.3+9.3 68.8 +6.1 69.0 +8.7 69.9 £10.2
’ 12 68.6 +11.2 68.7 +5.9 68.0 +8.8 70.1 +£10.7
- 0, - 0, 0,
Szou 01% 0.14 % _06%;12/;2) 0.4 %
0 61.5+8.6 62.6+7.1 61.5+5.5 62.1+8.4
4 61.0+9.6 63.1+7.5 61.9+5.6 62.3+8.0
Lipids, g 8 61.2+8.5 62.7+7.6 61.7 £6.3 62.9+8.5
! 12 61.7 +£10.2 62.2+79 61.6+6.4 62.8+8.3
- 0 0, 0,
50w 0.3% 0.6 % gégoﬁ 1.1%
0 244 + 35 242 + 28 243 +29 246 + 25
4 245+38 243 +23 246 £29 247 23
Cholesterol, mg 8 246 + 36 247 £ 22 250 + 24 252 £19
' 12 244 + 35 242 + 28 245 + 28 248 + 23
0, 0, 0,
5 coow 0% 0% 8?0;2 0.8 %
0 20.0+3.2 202+23 20.3+3.0 21.2+23
4 205+3.4 20.7+25 20.8+2.9 21.7+25
Saturated Fatty 8 215+3.4 206+29 21.8+3.1 220+25
Acid (SFA), g 12 20.2+3.3 20.0+2.4 20.5+3.0 21.4+2.4
- 0, - 0, - 0,
8 20w 1% L% ek 09 %
0 19.4+3.7 19.6+35 195+34 195+2.1
4 19.1+3.1 19.4+3.3 19.1+35 19.2+3.8
Fibers, g 8 19.8+3.0 199+25 19.7+29 19.1+3.1
12 19.3+3.0 19.4+25 19.4+2.8 19.3+25
-10 - 0, - 0,
Sazowy  -05% L% 2o L%
0 15.8+ 3.6 15.4+3.6 15.0+3.1 155+1.7
4 155+4.4 152+3.1 15.1+29 156+1.8
Vitamin E, mg 8 15.1+4.38 15.0+3.0 15.0+ 3.0 153+19
! 12 15.6+4.0 155+ 3.0 15.1+29 154+20
0 0, - 0,
5 w20mo 12% 0.6 % 8202 0.6%
0 55.9+4.0 56.5+7.6 55.1+7.0 55.3+6.0
4 56.2+4.9 56.8+7.7 549 +6.6 55.7+6.0
Vitamin C, mg 8 55.7+5.1 56.9+7.9 54.4+6.7 55.1+6.0
’ 12 56.0+4.1 56.8+8.0 55.2 +6.8 55.9+6.1
0, 0, 0,
5 c2ow 01 % 0.5% 8;0//2 1%

Two-way repeated measures ANOVA followed by Sidak test among groups (placebo, 200, 400 and 800 mg) over 12-wk
intervention period; p < 0.05 Different letters (a, b) indicate difference within the group, and different uppercase letters (A, B)
indicate difference between groups.
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Considerac0es Finais

A suplementacdo com flavonoides citricos por 12 semanas promoveu efeito
hipoglicémico, anti-inflamatorio e antioxidante, sugerindo acdo benéfica no controle

glicémico de individuos pré-diabéticos.
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ANEXOS

ANEXO A - Termo de Consentimento Livre Esclarecido

NOME ..o Jerrrrrrrrrr i ———————— RG...coovvvvvvee
...................... estado civil................cceveneeennn, NAscimento /- / , residente.............
............................................................................. y CHAATR. ey
telefones de Contato .......cceeveeivciiiiiiis e , declaro ter sido orientado e

esclarecido sobre o protocolo de pesquisa a seguir:

O (A) Senhor (a) esta sendo convidado (a) a participar de uma pesquisa em que o objetivo é
orient&-lo sobre a suplementacdo da eriocitrina combinado a uma alimentac&o equilibrada por
Nutricionista. A Eriocitrina € um antioxidante presente na casca e suco do limdo A equipe de
pesquisa ird esclarecer os procedimentos que serdo realizados durante o estudo, 0s quais séo
descritos a seguir. Em quatro ocasides distintas ao longo das 12 semanas do nosso estudo (inicio
do estudo, semana 4, 8 e 12), o Senhor (a) participara das seguintes avaliagfes: (1) Avaliacdo
bioquimica, que inclui a colheita de 30 mL de sangue a ser realizada por técnicos treinados e
habilitados do Laboratério de Analises Clinicas Sdo Lucas de Araraquara, permanecendo
aproximadamente por 30 minutos em sala especifica para exames clinicos laboratoriais, ambiente
com temperatura confortavel, revistas e TV para entretenimento (2) Avaliagdo antropométrica
(inicio do estudo, semana 3,5, 7, 9 e 11), onde serdo coletados dados de peso (kg); estatura (m);
circunferéncia da cintura (cm), circunferéncia abdominal (cm) e do quadril (cm) ,massa muscular
(kg/%) e percentual de gordura por meio de equipamento de bioimpedancia no Lab. de
Antropometria da FCFAr-UNESP. Tudo sera feito com horarios marcados em consultas com
duracéo de 30 minutos. Nosso laboratério possui ar condicionado, mesas e cadeiras adequadas
para a entrevista, garantindo sua privacidade. A avalicdo dietética serd feita por meio de
Recordatério Alimentar de 24h, Registro Alimentar de 3 dias e Questionario de Frequéncia de
Consumo Alimentar. A sua participacdo na pesquisa sera voluntaria e livre de qualquer 6nus. O
(A) Senhor (a) seréa ressarcido (a) para o transporte (coletivo), quando houver necessidade de
deslocamento para avaliagfes bioquimicas e antropométricas e, também receberd alimentagdo
(café da manha) nos dias das colheitas de sangue. E necessério informa-lo que durante a pesquisa
0 (a) Senhor (a) ndo podera estar sob tratamento medicamentoso, ou fazendo suplementacdo com
vitaminas, minerais ou bioflavonoides e, se necessitar de medicamentos ou suplementos, devera
informar imediatamente o pesquisador sobre esta nova condicdo de salde. Os riscos que o (a)
Senhor (a) sera submetido (a) ao participar desta pesquisa sdéo médios, apenas tera o desconforto
das colheitas de sangue que serdo realizados com material descartavel, buscando o menor
desconforto possivel com equipamentos que minimizem a pungdo venosa, como por exemplo
agulhas ultrafinas, e a possibilidade de hematomas (roxo) na regido da puncdo. As avaliaces
antropomeétricas e dietéticas consistem em métodos simples e ndo invasivos, ndo ocasionando
nenhum risco de ordem fisica ou psicoldgica. Os procedimentos aos quais sera submetido (a) ndo
provocardo danos fisicos ou financeiros, porém, se ocorrer algum transtorno decorrente da
pesquisa, este sera encaminhado ao servigo publico de salde e, se eventuais gastos decorrentes,
sera assegurada a indenizacéo por parte da equipe e/ou instituicao responsavel. Para assegurar sua
privacidade, o seu nome sera mantido em sigilo antes, durante e apds a pesquisa, e se desejar,
receberd informac@es sobre o resultado da pesquisa. O (A) Senhor (a) podera desistir da pesquisa
em qualquer momento, sem nenhum prejuizo ou penaliza¢do, mas devera avisar 0s pesquisadores
se isto ocorrer; devera notificar qualquer situacdo de anormalidade relacionada a pesquisa e para
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tanto devera entrar em contato com o pesquisador responsavel pelo telefone: (16) 3301-6927. Este
termo trata-se de um documento que serd emitido em duas vias, sendo uma via para o pesquisador
e a outra para o participante. Para outros esclarecimentos e reclamagdes, entrar em contato com o
Comité de Etica em Pesquisa da Faculdade de Ciéncias Farmacéuticas da UNESP, Rodovia
Araraquara-Jad, km 1, Araraquara, Sado Paulo, telefone: (16) 3301-4627. Pelo presente
esclarecimento, o (a) Senhor (a) concorda em participar deste estudo “Avaliacdo de pardmetros
metabolicos e moleculares em individuos com hiperglicemia intermediéria suplementados com
eriocitrina:  Ensaio clinico paralelo, duplo-cego, randomizado, placebo-controlado”sob
responsabilidade da pesquisadora Profa. Dra. Thais Borges Cesar.

Araraquara, / /

Assinatura do Participante Dra. Thais Borges Cesar
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ANEXO B - Questionario de selecao

Nome: Telefone:
WhatsApp: E-mail
Profisséo: Escolaridade:

Qual sua disponibilidade de horarios para as consultas quinzenais com a nutri¢cdo na Unesp? (Pode selecionar mais de
uma opcao, se for o caso). Em seguida coloque a hora que Ihe é conveniente:

Manha () Horério Tarde ( ) Horério

Final da tarde/noite () Horario

Qual sua disponibilidade para a coleta de sangue mensal (Serdo 4 coletas). A coleta inicia as 7:00h no Laboratério Sdo
Lucas da rua Feijo.
Seg () Terca () Quarta () Quinta () Sexta () Sébado ()

Qual sua disponibilidade para a curva glicémica (Esse exame comega as 6:30h até 10:00h).
Sim () N&o ()

I- Antropometria
Peso Altura IMC

Perdeu peso nos ultimos 3 meses? () Ndo () Sim  Se sim, quanto?

I1- Historia Clinica

Glicemia em jejum do Gltimo exame (valor) (data)

Glicemia em jejum do penultimo exame (valor) (data)

1 —Vocé tem ou teve alguma destas doencas citadas abaixo:

() Colesterol elevado () Triglicerideos elevado () Derrame () Diabetes
() Hipertenséo () Céancer () Hepética () Renal
() Hipotireoidismo () Hepatite () HIV

Outras:

2 — (Apenas para mulheres). VVocé est4 atualmente gravida ou amamentando?
()Nao () Sim (gravida) () Sim (amamentando)

3 - Vocé faz uso de algum remeédio?
() Ndo () Sim. Qual (s):
Quanto tempo:

61



4 —Vocé tem alguma alergia a remédios, alimentos ou outras substancias?
() Ndo () Sim. Qual (s):

5—Vocé fuma ?
() Ndo () Sim. Quantos cigarros (ou outro tipo de fumo) por dia?

6 — Vocé consome &lcool?
() Ndo () Sim. Qual (s): Quantidade por semana:

7- Vocé pratica atividade fisica regular?
()N&o () Sim. Qual (s):

Tempo por dia: Dias por semana:

8 - Como é o seu funcionamento intestinal?
() regular () irregular

111 — Informag0es Dietéticas
9 — Voce esta atualmente seguindo alguma dieta?

() Néo
() Sim. Qual tipo:

() prescrita por profissional de nutricdo ou médico
() prescrita por vocé mesmo

10 — Vocé utiliza alguma forma de suplemento alimentar? (ex: vitaminas, minerais, proteinas, etc.)
() Néo
() Sim
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ANEXO C- Registro Alimentar

As instrucBes abaixo irdo auxiliar no procedimento do seu registro alimentar. Siga-as

corretamente e releia-as sempre que tiver alguma davida.

1.

Anote tudo o que vocé comer em 3 dias ndo consecutivos (exemplo: segunda-feira e quarta-
feira ou terca-feira e quinta-feira), sendo um dia do final de semana (sdbado ou domingo).
Quando vocé relatar um alimento ou uma bebida, seja 0 mais claro e preciso possivel. Anote
tudo no momento em que estiver comendo. Evite reconstruir as refeicGes de meméria, ndo
deixe para anotar depois que tiver acabado de comer. Cologque a marca do produto se for o
caso.
Registre todos os alimentos que ingerir durante o dia inteiro, até mesmo uma bala, chicletes,
etc. Com excegdo de agua.
Fornega o maximo de informagdes, como por exemplo, se na preparacdo foi utilizado molho
(creme de leite, tomate, branco, etc.), se a carne foi a milanesa, assada ou frita. Indique se os
legumes e verduras sdo cozidos ou crus, servidos com margarina, manteiga, azeite, etc...
Indique se o peso correspondente aos alimentos crus ou cozidos.
Informe com precisao, sempre que possivel, 0 peso dos alimentos e o volume dos liquidos.
Informe se a colher utilizada na medida era café, cha, sobremesa ou sopa, se estava cheia ou
rasa; o tamanho da concha ou escumadeira utilizada. Tente descrever bem as porcdes:

a. 1 coxa média de frango, frita com pele.

b. 4 colheres (sopa) de cenoura crua ralada
Coloque o tamanho dos alimentos caso ndo saiba o peso (pequeno, médio e grande). Por
exemplo: uma maca pequena, uma pera grande, 1 fatia media de abacaxi.
Informe o tipo de pdo que vocé costuma comer; pao de forma, branco/ francés, integral, etc.
Anote tudo que foi utilizado no pdo (manteiga, margarina, geleia, requeijdo, queijo, etc.).
Anote todos os ingredientes utilizados nas saladas e sanduiches (alface, tomate, vinagrete,

cenoura, etc.).

63



Registro Alimentar
Nome:

Data:_/ /  Diadasemana: D S T Q Q S S

Quantidade Alimento

Café da Manha
Hora:
Local:

Lanche Manha
Hora:
Local:

Almogo
Hora:
Local:

Lanche Tarde
Hora:
Local:

Jantar
Hora:
Local:

Ceia
Hora:
Local:

Marque a melhor opcédo: A alimentacdo de hoje foi: __ Fora do habito Habitual




ANEXO D- Questionario Efeitos Colaterais

Nome: Data: /
Marque (+) naquelas reagdes que vocé apresentou:
ReacOes Ocorréncia (+)

Gastrointestinais

Nauseas

\VVOomitos

Falta de apetite

Diarreia

Colicas intestinais

Boca seca

Prisdo de ventre

Cardiovasculares

Palpitacoes

Queda da presséao

Aumento da pressédo

Dor no peito

Psiquiatricas

Ansiedade

Sonoléncia

Desorientagao

Insbnia

Irritabilidade

Neuroldgicos

Dor de cabeca

Formigamento

Zumbidos

Tonturas

Cutaneos

Manchas

Coceiras

Outros

Comecou a fazer uso de algum medicamento? (Qual? Quanto tempo?)
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Nome:

ANEXO E- Acompanhamento Exames Biogquimicos

&

NP

1°
exame

20
exame

3e°
exame

4°
exame

DATA

Colesterol

Triglicérides

HDL-C

LDL-C

ALT

AST

Fosfatase Alcalina

Gama GT

Creatina

PCR-US

Hemoglobina Glicada

Glicose

Insulina

HOMA- IR

Observagoes:
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