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MATSUMOTO, Andressa Keiko. Efeitos do tratamento com acido félico nos
estagios precoce e moderado dadoencarenal cronica: analise dos biomarcadores
inflamatorios, bioquimicos e de estresse oxidativo. 2022. 88 f. Tese (Doutorado em
Ciéncias da Saude) - Universidade Estadual de Londrina, Londrina, 2022.

RESUMO

A doenca renal cronica (DRC) consiste em lesdo renal e perda progressiva e
irreversivel da funcdo dos rins, reduzindo a capacidade de eliminar substancias
toxicas do organismo. A DRC evolui em estagios (clinicamente convencionados de 1
a 5), sendo que a duracdo de cada um depende da etiologia e do seu manejo. O
estresse oxidativo e nitrosativo (EO/EN) na DRC ocorre pelas toxinas urémicas, sendo
um fator potencialmente importante na mortalidade desses pacientes e mediador de
muitas complicacdes, principalmente cardiovasculares. Tornam-se necessarias novas
estratégias para melhorar as condicdes clinicas e laboratoriais desses pacientes,
como por exemplo, a suplementacdo com acido félico. O objetivo do presente estudo
foi avaliar o perfil metabdlico (uréia, creatinina sérica, resisténcia a insulina (HOMA-
IR), colesterol total, HDL, LDL, triglicerideos, acido urico, AST, ALT, proteinas totais,
albumina, glicose e homocisteina [Hci]), inflamatério (PCR - Proteina C reativa), bem
como analise de biomarcadores de EO (Capacidade antioxidante total plasmatica
[TRAP], Catalase, superéxido dismutase [SOD], sistema glutationa, grupamento
sulfidrila [SH], paraoxonasel [PON 1], hidroperoxidos por quimiluminescéncia [QL-
LOOH], malondialdeido [MDA], metabdlitos do o6xido nitrico [NOx] e produtos
avancados da oxidacdo de proteinas [AOPP]), parametros hematolégicos
(hemograma e reticuldcitos) e a gravidade da doenca por meio da taxa de filtracdo
glomerular (TFG) em individuos pré-dialiticos. Foram selecionados 113 pacientes
ambulatoriais com DRC e alocados em um grupo tratado com acido félico (n=66) e
estavam em diferentes estagios (3a [n=16], 3b [n=25] e 4 [n=25]) e um grupo controle,
sem intervencédo ativa (n=47), nos estagios 3-4 da DRC (3a [n=17], 3b [n=16] e 4
[n=14]). Os niveis de Hci foram diretamente proporcionais em relacdo a progressao
da DRC e, além disso, as atividades de PON1l CMPAase e AREase foram
significativamente menores no estagio 4 da DRC em comparagéo com 0s estagios 3a
e 3b. Dessa forma, evidencia-se a possibilidade de serem potenciais biomarcadores
para acompanhar a progressdao da DRC. O tratamento com acido félico 5mg/dia
durante 3 meses, via oral, no estagio G4, reduziu os niveis de Hci, bem como dos
grupamentos SH e aumentou a atividade da enzima antioxidante (PON1 CMPAase e
AREase nos estagios 3b e 4, mas nao 3a). Além disso, os biomarcadores oxidativos
(NOx e QL-LOOH) e parametros hematolégicos (Concentracdo Meédia de
Hemoglobina corpuscular (MCHC), ferro sérico, ferritina e saturagéo de transferrina)
foram significativamente mais baixos apés o tratamento em comparagcédo com o tempo
basal no grupo de intervencdo ativa. A intervencdo com acido folico ndo causou
alteracdes significativas nos parametros bioquimicos e inflamatorios. No grupo sem
intervencao ativa, nenhum efeito estatisticamente significativo foi encontrado nos



biomarcadores oxidativos, inflamatoérios e bioquimicos. O tratamento com acido félico
atenuou o EO/EN e pode ser considerado uma possibilidade de intervencéo precoce
para os estagios iniciais e moderados da DRC. Entretanto, novos estudos serao
necessarios para confirmar esses achados.

Palavras-chave: antioxidante; acido folico; doenca renal crénica; homocisteina.



MATSUMOTO, Andressa Keiko. Effects of folic acid treatment in early and
moderate stages of chronic kidney disease: analysis of inflammatory, biochemical,
and oxidative stress biomarkers. 2022. 88 p. Thesis (Doctoral degree in Health
Sciences) - Universidade Estadual de Londrina, Londrina, 2022.

ABSTRACT

Chronic kidney disease (CKD) consists of kidney damage and progressive and
irreversible loss of kidney function, reducing the ability to eliminate toxic substances
from the body. CKD evolves in stages (clinically agreed from 1 to 5), the duration of
which depends on the etiology and its management. Oxidative and nitrosative stress
(OS/NS) in CKD is caused by uremic toxins, being a potentially important factor in the
mortality of these patients and mediator of many complications, mainly cardiovascular.
New strategies are needed to improve clinical and laboratory conditions of these
patients, such as folic acid supplementation. The aim of the present study was to
evaluate the metabolic profile (urea, serum creatinine, insulin resistance (HOMA-IR),
total cholesterol, HDL, LDL, triglycerides, uric acid, AST, ALT, total proteins, albumin,
glucose and homocysteine [ Hci]), inflammatory (CRP - C-reactive protein), as well as
analysis of OS biomarkers (Total plasma antioxidant capacity [TRAP], Catalase,
superoxide dismutase [SOD], glutathione system, sulfhydryl group [SH],
paraoxonasel [PON 1], chemiluminescent hydroperoxides [QL-LOOH],
malondialdehyde [MDA], nitric oxide metabolites [NOx] and advanced protein oxidation
products [AOPP]), hematological parameters (red blood cell count and reticulocytes)
and disease severity by means of the glomerular filtration rate (GFR) in pre-dialysis
subjects. 113 outpatients with CKD were selected and allocated to a group treated with
folic acid (n=66) and were in different stages (3a [n=16], 3b [n=25] and 4 [n=25]) and
one control group, without active intervention (n=47), in CKD stages 3-4 (3a [n=17], 3b
[n=16] and 4 [n=14]). Hci levels were directly proportional to CKD progression and
PON1 CMPAase and AREase activities were significantly lower in CKD stage 4
compared to stages 3a and 3b. This way evidencing the possibility of being potential
biomarkers to follow the progression of CKD. Treatment with folic acid 5mg/day for 3
months, orally, in the G4 stage, reduced the levels of Hci, as well as of the SH groups
and increased the activity of the antioxidant enzyme (PON1 CMPAase and AREase in
stages 3b and 4, but not 3a). In addition, oxidative biomarkers (NOx and QL-LOOH)
and hematologic parameters (Mean Corpuscular Hemoglobin Concentration (MCHC),
serum iron, ferritin, and transferrin saturation) were significantly lower after treatment
compared to baseline in the active intervention group. Treatment with folic acid did not
cause significant changes in biochemical and inflammatory parameters. In the group
without active intervention, no statistically significant effect was found on oxidative,
inflammatory and biochemical biomarkers. Folic acid treatment attenuated OS/NS and
can be considered a possibility for early intervention in the early and moderate stages
of CKD. However, further studies will be needed to confirm these findings.

Keywords: antioxidant; folic acid; chronic kidney disease; homocysteine.
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1 INTRODUCAO

A doenca renal crénica (DRC) € um grande problema de saude publica, em especial
pelo crescente envelhecimento populacional e o aumento de fatores de risco tradicionais,
como hipertenséo, tabagismo, dislipidemia e diabetes mellitus (LEVI et al., 2014). O nimero
de casos de pacientes com DRC continua aumentando inexoravelmente nos paises
economicamente desenvolvidos, bem como nos paises em desenvolvimento (NEUEN et al.,
2017; YUAN et al., 2017). Segundo o Global Burden of Disease Study (GBD 2015), a DRC
foi a 122 causa mais comum de 6ébitos, respondendo por 1,1 milhdo de 6bitos em todo o
mundo. Essa doenca esta afetando em torno de 9% da populacdo mundial (BIKBOV et al.,
2020), é definida como uma condi¢do patolégica que apresenta a estrutura renal anormal
e/ou disfuncdo na taxa de filtracdo glomerular estimada (TFGe <60 mL/min/1,73 m?)
presente por pelo menos trés meses (KDIGO, 2021). Além disso, a fungdo renal diminuida
€ um preditor de hospitalizacdo, disfung&o cognitiva e baixa qualidade de vida.

No Brasil, a prevaléncia estimada em adultos com DRC (estagios 3 a 5) é de 6,7%,
triplicando em individuos com 60 anos ou mais (MALTA et al., 2019). Essa condicao crénica
foi responséavel, em 2016, por 35.000 oObitos e ocupou a 102 posicdo (ENE-IORDACHE et
al., 2016). Estima-se também que 2,3 milhdes a 7,1 milhdes de individuos morrem
prematuramente por falta de acesso a terapia renal substitutiva, com maiores taxas de
mortalidade em paises de baixa e média renda (na Asia, Africa e América Latina)
(LIYANAGE et al., 2015).

Existe um aumento na morbidade e mortalidade por doencga cardiovascular (DCV)
em pacientes nos estagios mais avangados da DRC (HUSAIN-SYED et al., 2015). Os fatores
de risco classicos para DCV como idade avangada, hipertensdo, diabetes, tabagismo,
dislipidemia, hipertrofia ventricular esquerda, insuficiéncia cardiaca e sedentarismo, estao
frequentemente presentes em pacientes em terapia de substituicdo renal (TSR). Isto se deve
em parte a epidemiologia da populagdo em TSR, que consiste principalmente de pacientes
afetados por diabetes mellitus e doenga vascular (YUAN et al., 2017).

O diabetes mellitus pode lesar capilares glomerulares sendo que o primeiro sinal de
problema renal é a presenca de proteindria. Cerca de um ter¢o das pessoas com diabetes
mellitus pode, eventualmente, desenvolver DRC (BIKBOV et al., 2020). A funcgdo renal &
mensurada ou estimada pela taxa de filtragdo glomerular (TFG) e, para tanto, séo
considerados os resultados da dosagem de creatinina tanto no sangue como na urina, para
calculo do clearance de creatinina, ou por meio de calculos como pelas féormulas de
Cockcroft-Gault (FROISSART et al., 2005), Modification of Diet in Renal Disease — MDRD -
(LEVEY et al., 1999) ou Chronic Kidney Disease Epidemiology Collaboration- CKD-EPI -
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(LEVEY et al., 2009).

Segundo as diretrizes sobre DRC, elaboradas pela KDIGO (2021), recomenda-se a
utilizacdo da equagdo CKD-EPI para a estimativa da TFG e ressalta-se a necessidade de
lancar mao de outros métodos para a confirmagdo do diagndstico da DRC. Por exemplo, o
KDIGO (2021) recomenda a confirmagdo diagnéstica da DRC em adultos com TFG estimada
(TFGe) entre 45-59 mL/min/1,73 m?.

Cistatina C, uma proteina de baixo peso molecular, é produzido em todas as células
nucleadas do corpo, sendo filtrada no glomérulo, metabolizada no tabulo proximal e
preenche os critérios para um marcador de filtracdo renal. Em contraste com a creatinina
sérica, a taxa de producdo de cistatina C ndo tem relacdo com massa muscular e nao é
afetada por outros fatores, como idade, sexo e raca (BJORK et al., 2019). Contudo, h&a
limitacBes para o uso da cistatina C na rotina laboratorial. No Brasil, esse exame néo esta
disponivel na maioria dos servi¢os e seu custo ainda é elevado; em alguns laboratorios de
gualidade reconhecida no pais que realizam tal exame, o custo é de aproximadamente oito
vezes o da creatinina (GABRIEL; NISHIDA; KIRSZTAJN 2011).

A albumindria (expressa em mg/g de creatinina) foi categorizada em Al (ou normal
ou ligeiramente aumentada, quando < 30 mg/g), A2 (ou moderadamente aumentada, na
faixa entre 30-300 mg/g) e A3 (ou acentuadamente aumentada para valores > 300 mg/g),
terminologia que substitui as nomenclaturas normoalbumindria, microalbumindria e
macroalbumindria, anteriormente adotadas (Figura 1). No que tange a avaliacao da funcéo
renal, de uma maneira mais geral, aceita-se a medi¢do da TFG, que é um componente da
funcdo de excrecdo, como o melhor indice para avaliacdo funcional, embora os rins tenham

muitas outras fun¢des, inclusive enddcrinas e metabdlicas (KIRSZTAJN et al., 2014).

Figura 1: Prognoéstico da DRC pelas categorias de TFGe e albumindria.
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Segundo a National Kidney Foundation (KDIGO, 2021) existem 6 estagios da DRC:

o0 estagio G1 refere-se ao normal (TFGe = 90 mL/min/1,73 m?), G2 a levemente diminuido
(TFGe = 60-89 mL/min/1,73 m?), G3a (TFGe 45-59 mL/min/1,73 m?), G3b (TFGe 30-44
mL/min/1,73 m?), G4 para funcéo renal gravemente reduzida (eGFR 15-29 mL/min/1,73 m?)

e G5 para insuficiéncia renal, incluindo doenca renal terminal (TFGe <15 mL/min/1,73 m?).

A tabela 1 apresenta os critérios para diagndstico da DRC baseada nos marcadores

de lesé&o renal e na taxa de filtragdo glomerular.

Tabela 1: Critérios para DRC (qualquer um dos seguintes presentes por > 3 meses).

Marcadores de lesdo renal (um ou mais)

Albuminuria (> 30 mg/24h; relag@o albumina/creatinina 30 mg/g)

Anormalidades no sedimento urinario

Distlrbios eletroliticos e outros devido a lesdes tubulares

Anormalidades detectadas por exame histolégico

Anormalidades estruturais detectadas por exame de imagem

Historia de transplante renal

TFG diminuida

< 60 ml/min/1,73 m2 (categorias de TFG G3a-Gb5)

Fonte: Adaptacdo KDIGO (2021). DRC: Doenga renal cronica; TFG: Taxa de filtragdo glomerular
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A anemia é uma das principais complicaces da DRC, causada por uma deficiéncia
de eritropoietina endégena. Ocorre também uma relacdo entre estado inflamatério crénico,
estresse oxidativo e nitrosativo (EO/EN) e anemia nesses pacientes (STEPNIEWSKA,
2015). As citocinas pro-inflamatoérias, como fator de necrose tumoral humana-alfa (TNF- a),
interleucinas 1 e 6 (IL-1, IL- 6) tém um efeito inibitorio sobre precursores eritréides na medula
0ssea, levando ao desenvolvimento de resisténcia da eritropoietina, que pode ser superada
através da administracdo de doses de eritropoetina (EPO) humana recombinante (SANTOS
et al., 2018).

A IL-6 estimula a expressao hepética de uma proteina de fase aguda, a hepcidina,
gue inibe a absorcdo duodenal de ferro. A hepcidina, quando liberada pelo figado, inibe a
proteina ferroportina. Esta é uma proteina transmembrana encontrada nos enterdécitos,
macrofagos e hepatdcitos, responsavel pela transferéncia de Fe2+ absorvido para a
circulacdo. Como resultado, ocorre um nivel baixo de ferro sérico, levando a diminui¢cdo da
liberacdo de ferro para a medula 6ssea e, consequentemente, favorecendo a anemia,
mesmo na presenca de reservas totais de ferro, ou seja, a chamada deficiéncia funcional de
ferro (SILVERBERG et al., 2011).

Além disso, o TNF-qa, IL-1 e IL-6 induzem a expressédo de ferritina e estimulam o
armazenamento e retencdo de ferro dentro dos macrofagos. Dessa forma, esses
mecanismos levam a uma reducao dos niveis de ferro na circulacéo e, consequentemente,
da disponibilidade do mesmo para as células eritroides. Além desses mecanismos descritos,
TNF-a inibe a produgdo de EPO pelo rim, levando a niveis inapropriadamente baixos no
sangue e consequentemente piora da anemia, bem como inibem diretamente a
diferenciacdo e proliferacdo de células progenitoras de eritrocitos. Com isso, somada a
disponibilidade limitada de ferro e a diminuigcdo da EPO biologicamente ativa, havera inibicdo
da eritropoese e, consequentemente, o desenvolvimento de anemia (WEISS, 2002;
SILVERBERG et al., 2011).

Em pacientes com DRC, a anemia apresenta-se como normocrdmica/normocitica ou,
eventualmente, discretamente microcitica/hipocrémica e com contagem baixa ou normal de
reticulocitos. Além disso, a capacidade de ligacdo do ferro a transferrina e o ferro sérico
encontram-se reduzidos e os niveis plasméaticos de ferritina estdo normais ou elevados
(WEISS, 2002).

O aumento do EO/EN é um dos motivos de morte prematura dos eritrécitos (eriptose)
devido ao excesso de exposi¢do a fosfatidilserina na superficie do eritrécito. A hepcidina
desempenha um papel importante no metabolismo do ferro e, consequentemente, no
desenvolvimento da anemia na DRC. Contudo, os niveis de hepcidina se correlacionam

positivamente com atividade de enzimas antioxidantes e marcadores de EO/EN,
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principalmente em pacientes ndo dialisados. Um aumento no nivel de hepcidina coexiste
com menor reabsorcéo de ferro na DRC (STEPNIEWSKA, 2015).

1.1 DOENCA RENAL CRONICA E ESTRESSE OXIDATIVO/NITROSATIVO

O EO/EN consiste no desequilibrio entre substéncias pré e antioxidantes
intracelulares ou de forma sistémica resultando na superproducdo de espécies reativas de
oxigénio e nitrogénio (ERO/ERN) e diminui¢do do sistema de defesas antioxidantes (WAN;
SU; ZHANG, 2016). Resultando na oxidacdo de moléculas bioldgicas, como lipideos,
proteinas e acido desoxirribonucleico - DNA (DI MEO et al., 2016).

A geragdo de compostos oxidativos € fisiologicamente relevante como um passo
importante na inflamacéo e processos de reparo de tecidos. Portanto, representa parte dos
mecanismos de defesa contra invasdes de microrganismos e células malignas, bem como
na cicatrizacdo e remodelacédo de tecidos. Por outro lado, um ativacdo inadequada ou mal
adaptativa aos processos que envolvem agentes oxidativos pode estar cronicamente
presente em situacdes como a uremia, contribuindo para a leséo tecidual (HANDELMAN,
2000). ERO/ERN sao liberadas juntamente com citocinas pro-inflamatérios, que por sua vez
amplificam a geracéo de oxidantes (SURESHBABU; RYTER; CHOI 2015).

Devido a disfuncdo renal, a depuracdo de substancias pro-oxidantes encontra-se
reduzida e mecanismos de defesa antioxidante que desempenham um papel de protecéo
complementar ficam comprometidos (DUNI et al., 2017). Esse desequilibrio o pré-oxidante
e mecanismos antioxidantes podem contribuir para o dano entre tubulointersticial e
progressdo da DRC (KENNEDY et al., 2013). O rim é um 6rgdo altamente metabdlico, rico
em reagOes de oxidacdo nas mitocdndrias, o que o torna vulneravel aos danos causados
pela EO/EN. Além disso, em pacientes em estagios avancados de DRC, o aumento do
EO/EN esta associado a complicagbes como hipertenséo, aterosclerose, inflamagéo e
anemia (DI MEO et al., 2016).

Com areducéo progressiva da funcdo renal, ocorre o acumulo de residuos organicos,
chamados de toxinas urémicas (ureia, creatinina, homocisteina [Hci], oxalato, fosforo,
guanidinas, entre outras), podem propiciar a peroxidacdo lipidica, oxidagdo proteica e
reducdo na concentragdo de enzimas antioxidantes em pacientes com DRC (TBAHRITI,
2013). Além disso, a superproducdo de ERO/ERN ¢ agravada por fatores relacionados ao
paciente, como idade e a presenca de inflamacéo sistémica crénica (STEPNIEWSKA, 2015).
As comorbidades (obesidade, hipertenséo, diabetes mellitus, etc.) e fatores relacionados ao
processo de hemodialise, por exemplo a bioincompatibilidade da membrana, especialmente

em pacientes com DRC em didlise de longa data podem influenciar no aumento do EO/EN
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(BOSSOLA; TAZZA, 2015).

Além disso, o0 aumento do EO/EN promove apoptose de células renais, diminuigdo
da capacidade regenerativa das células e fibrose, apresentando um efeito deletério sobre a
funcdo renal. Desta forma, o EO/EN é um fator importante na patogénese da lesdo renal
(WAN; SU; ZHANG, 2016). A medida que aumentam o EO/EN e a inflamag&o, ambos
comuns nos estagios finais da doenca renal, especula-se que pode haver uma associacao
entre eles e disfungcéo endotelial, contribuindo para uma aumento do risco de DCV nestes
pacientes (TBAHRITI, 2013).

Além do EO/EN elevado, individuos com DRC exibem anormalidades nas
lipoproteinas. A dislipidemia é caracterizada pela hipertrigliceridemia, niveis elevados de
colesterol total ou da lipoproteina de densidade baixa (LDL), ou niveis diminuidos da
lipoproteina de densidade alta (HDL), além da distribuic&o alterada das subclasses de HDL,
que também possuem propriedades antioxidantes, anti-tromboticas e anti-inflamatdrias que
contribuem significativamente para a prote¢éo cardiovascular em geral (CHISTIAKOV et al.,
2017). Usando eletroforese em gradiente de gel, as particulas de HDL podem ser divididas
em HDL, grande (HDL2,, HDL2,) € pequenas subclasses HDL3 (HDLs,, HDL3, € HDL3c) que
sdo diferentes ndo apenas em tamanho, mas também em estrutura e fun¢éo (MILJKOVIC
et al., 2018). Ainda é controverso quais subclasses tém melhor efeito anti-oxidativo,
especialmente na patologia renal, onde as particulas de HDL sdo estruturalmente e
funcionalmente alteradas como consequéncia do aumento do estresse oxidativo e da
inflamacéo (CHISTIAKOV et al., 2017).

Paraoxonases (PONs) sdo uma familia de trés proteinas - PON1, PON2 e PONS3,
qgue hidrolisam organofosforados e tém atividade de peroxidase, lactonase e também
arilesterase, embora em diferentes extensdes. Todas as trés PONs também hidrolisam
fosfolipidios oxidados. PON1 e PON3 sao encontradas no HDL plasmatico e sao capazes
de proteger o LDL contra a oxidagao, contribuindo para as propriedades antiaterogénicas do
HDL (SAMOUILIDOU et al., 2018).

Historicamente, a PON derivou seu nome de sua capacidade de hidrolisar o
paraoxon, um organofosforado contido em alguns praguicidas (LA DU et al., 1999).
Pesquisas nas ultimas décadas revelaram numerosos outros substratos para esta enzima,
como fenil acetatos (MARTINELLI et al., 2013; FURLONG et al., 2016).

A atividade hidrolitica biol6gica de PON1 pode ser descrita como uma atividade de
lipolactonase, que engloba atividades de arilesterase (AREAse), fosfotriesterase e lactonase
(MOYA; MANEZ 2018). Conforme revisado por Ceron et al. (2014), a atividade de PON1
pode ser avaliada usando diferentes substratos resultando na determinacdo da atividade da

paraoxonase/fosfotriesterase (paraoxon ou 4-acetato de clorometilfenol (CMPA) como
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substratos), atividade da AREAse (fenilacetato ou 4 (p)-nitrofenil acetato como substratos)
ou atividade de lactonase (5-tiobutil butirolactona ou diidrocumarina como substratos). A
paraoxonase (ou CPMAse) e a AREAse séo as atividades mais investigadas embora a
atividade da lactonase seja considerada por alguns autores como a principal atividade
fisiologica (MENINI; GUGLIUCCI 2014).

A diminuicdo da atividade da PONL1 est4 associada a diferentes patologias incluindo
DRC (CHISTIAKQV et al., 2017; KENNEDY et al., 2013), mas 0 mecanismo exato envolvido
na alteracdo da atividade da PON1 ainda é desconhecido (MILJKOVIC et al.,, 2018).
Contudo, resultados de Samouilidou et al. (2016) mostraram que a diminuicdo da
concentracdo sérica de PON1 ¢ influenciada pelo perfil lipidico de pacientes com DRC. A
dislipidemia é principalmente associada a baixos niveis séricos de HDL, alto niveis de
triglicerideos e niveis elevados de lipoproteinas ricas em triglicerideos ou remanescentes de
lipoproteinas. Além disso, a redu¢do nos mecanismos de defesa antioxidante, como PONL1,
exacerba anormalidades lipidicas (LEWISL; HAYNES; LANDRAY 2010).

1.2 DOENCA RENAL CRONICA E INFLAMACAO

A DRC é caracterizada por inflamacgéo persistente de baixo grau, um fator de risco
bem estabelecido de morbidade e mortalidade, sendo caracterizada pelo aumento dos niveis
de EO/EN e inflamacao. O mecanismo patologico primario que liga EO/EN, inflamacéo e
progressdo da DRC é caracterizado por uma leséo inicial no rim devido as atividades de
radicais derivados de oxigénio e nitrogénio intra e extracelular e a resposta inflamatoria
resultante. Radicais como o superdéxido e o radical hidroxila interagem prontamente com os
componentes moleculares do néfron (GUPTA et al., 2012).

A medida que ocorrem danos nos néfrons mediados por radicais, a resposta
inflamatéria resultante, que normalmente serve como mecanismo protetor e reparador,
estimula a formacdo de radicais livres adicionais. Os neutrofilos (e outros fagocitos)
recrutados para o néfron danificado produzem superdxido por meio de seu sistema de
nicotinamida adenina dinucleotideo fosfato (NADPH) oxidase associado a membrana, no
qual os elétrons sdo transferidos do NADPH dentro da célula através da membrana e
acoplados ao oxigénio molecular, resultando na formacgéo de superéxido (CLOSA, FOLCH-
PUY 2004).

O superoéxido e outros radicais, bem como seus alvos modificados, continuam a
promover lesdo renal especifica ou atuam como moléculas mensageiras, resultando em uma
resposta inflamatéria sustentada localmente (ou seja, renal). Essa resposta imune induzida

por radicais estimula a liberacédo de sinais pré-inflamatérios adicionais que inevitavelmente
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resultam na formacao de radicais adicionais e/ou ERO e danos continuos aos componentes
moleculares dos néfrons (CACHOFEIRO et al., 2008). Apds o estresse oxidativo recorrente
e inflamacao crénica, o dano mediado por radicais eventualmente resulta em degradacéo
de néfrons tdo extensa que o dano ao tecido/6rgédo se torna aparente (por exemplo, TFGe
reduzida) (CLOSA, FOLCH-PUY 2004).

Uma correlagéo inversa entre TFG e inflamacdo ja foi claramente comprovada
(GUPTA et al., 2012; AMDUR et al., 2016; ). No estudo observacional de coorte de Gupta et
al. (2012), envolvendo pacientes com DRC e avaliando os biomarcadores de inflamacéao
(IL-1B, antagonista do receptor de IL-1, IL-6, TNF-a, PCR e fibrinogénio), mostraram que
esses biomarcadores foram inversamente associados as medidas de funcéo renal e
positivamente com albumindria, ou seja, a intensidade da inflamacgéo é maior em pacientes
com menor fungéo renal e niveis mais elevados de albumindria.

Segundo Dan et al. (2018) em pacientes com DRC o risco de eventos
cardiovasculares e renais apresenta-se elevado em casos que 0s hiveis basais de PCR
encontra-se acima dos valores de referéncia.

Evidéncias emergentes sugerem que a reducdo do estresse oxidativo e da
inflamacao sdo duas das abordagens mais apropriadas, em termos de retardar a progresséo
da DRC (DOUNOQOUSI et al., 2006; MATSUMOTO et al., 2021).

1.3 HOMOCISTEINA E DOENGCA RENAL CRONICA

O derivado da Hci é a metionina (Figura 2), proveniente da dieta ou da quebra de
proteinas enddgenas, € convertido em S-adenosilmetionina (SAM) pela enzima SAM
sintase. O SAM é um dos principais doadores de grupos metil para varias reacbes de
metilacdo (LONG; NIE 2016). Quando o grupo metil é transferidos por metiltransferases para
0s respectivos aceptores, o SAM é convertido em S-adenosil-homocisteina (SAH) e
posteriormente hidrolisado pela SAH hidrolase para formar Hci e adenosina (PERNA;
INGROSSO 2019). Uma vez formada, a Hci pode ser metabolizada por duas vias
alternativas: remetilacdo e transsulfuracdo. A via remetilagdo regenera a metionina pela
enzima Metionina sintetase (MS) usando Hci como substrato e folato e vitamina B 12 como
cofatores (LI et al., 2006).

A transsulfuracdo de Hci é catalisada por cistationina-B-sintase (CBS) e y-
cistationase. Nesse caminho, Hci primeiro sofre condensacdo com serina para formar
cistationina por CBS (LONG; NIE 2016). Ent&o, a cistationina € decomposta em cisteina por
y-cistationase. Finalmente, a cisteina € metabolizada em taurina e sulfato ou transferida para

glutationa (LI et al., 2006). Foi demonstrado que a Hci é principalmente transsulfurada no
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rim e a deficiéncia dessa transsulfuracdo renal contribui de maneira importante para a
elevacdo da Hci plasmatica sob diferentes condigfes fisioldgicas ou patolégicas, como
hipertenséo, diabetes mellitus, envelhecimento ou progressédo para estagio final da renal
doenca (LONG; NIE 2016).

A concentracdo de Hci depende fundamentalmente da taxa de sua formagdo
(transmetilagdes), bem como da taxa de remocao da homocisteina. A Hci esta presente na
circulacdo sanguinea covalentemente ligada a albumina sérica, impedindo a excrecao da
porcao ligada a proteina (PERNA; INGROSSO 2019).
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Figura 2: Metabolismo da Hci.

Fonte: Neves, Macedo, Lopes (2004).

A Hci contém um grupo tiol altamente reativo e pode sofrer rapida auto-oxidacéo na
presenca de oxigénio e ions metélicos (ferro e cobre) gerando ERO potentes, incluindo anion
superoxido (O2+-), peroxido de hidrogénio e radical hidroxila (*OH), sugerindo que a auto-
oxidacao da Hci € um dos mecanismos de formacéo de ERO. A NADPH oxidase € uma das
principais fontes de producédo de superéxido em células de mamiferos (TYAGI et al., 2005).

Estudos demonstraram que a NADPH oxidase estd envolvida na lesdo glomerular
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progressiva associada a HHci (SHASTRY et al., 2007; LONG; NIE 2016).

A Hci, em niveis elevados, pode causar danos vasculares renais diretamente atraves
da producdo de espécies de oxigénio, efeitos nas células do musculo liso vascular, lesdo
endotelial e apoptose (OIKONOMIDI, et al. 2016). Além disso, a hiper-homocisteinemia
(HHci), definida como elevada concentragdo de Hci total plasmética (>12uM), esta associada
com microalbuminuria e lesdo glomerular na maioria da populacao diabética, sendo a HHci
um fator de risco para o declinio da funcao renal e desenvolvimento da DRC (MANOLESCU
et al., 2010; XIE et al., 2015).

O nivel de Hci em pacientes com DRC é de 3-5 vezes acima dos valores de
referéncia. E de conhecimento a existéncia de uma correlacdo positiva altamente
significativa entre as concentracdes de creatinina e Hci. Valores de TFGe da creatinina
sérica ou depuracao calculada da creatinina séo consistente e inversamente correlacionados
com niveis de Hci plasmatica. Essa correlagéo é uma poderosa evidéncia indireta que HHci

na doencga renal estdo intimamente ligado a funcdo renal (LONG; NIE 2016).

1.4 ESTRATEGIAS CONTRA A PROGRESSAO DA DOENCA RENAL CRONICA

DRC é uma doenca complexa e coexiste com muitas outras condi¢des. Portanto,
modelos de atendimento devem ser desenvolvidos que integram a complexidade das
condic¢des clinicas, filosofias centradas no paciente e os cuidados de saude inlcuindo o
ambiente. Os principios do cuidado sdo universais, mas a implementacdo pode ser
personalizada para circunstancias especificas. O modelo de cuidado varia de acordo com a
gravidade da DRC, o que determinara a populagéo-alvo e objetivos. Estas declaracfes sédo
formuladas para abranger predominantemente aquelas pessoas com probabilidade de
progredir para estagio final da doenca (KDIGO, 2021).

Outra estratégia importante no tratamento de pacientes com DRC é a modificacdo do
estilo de vida, incluindo dieta, exercicios e cessacdo do tabagismo (KDIGO, 2021).
Estratégias podem retardar a progressdo da DRC e reduzir os riscos da mortalidade por
doencas cardiovasculares. Essas estratégias englobam o controle da presséo arterial com
agentes que bloqueiam a via renina-angiotensina, controle glicémico e hipolipemiantes
reduzindo a incidéncia de eventos ateroscleréticos (VIVEKANAND et al., 2013). Atualmente
as medicacOes utilizadas na DRC séo para tratamento das comorbidades, como diabetes
mellitus e doencas cardiacas (ROVIN et al., 2019).

Na busca por tratamentos que reduzem a progressdo da DRC e em fun¢do da
importancia do EO/EN nesta doencga, € crescente 0 niumero de estudos com agentes
antioxidantes nesses pacientes (DELFINO et al., 2007; HOUSE et al., 2010; LIAKOPOULOS
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et al., 2019).

1.5 VITAMINA B9 (FOLATO) — AciDo FoLICO

Vitaminas do grupo B, incluindo as vitaminas B9 (folato) e B12 (cobalamina) séo
vitaminas hidrossollveis, envolvidas em varias fungdes celulares normais: sdo fornecedoras
de residuos de carbono para purina e sintese de pirimidina, sintese de nucleoproteinas e
manutencao na eritropoiese (SCHAEFER; KOSCH; TESCHNER 2002).

O folato é derivado de poliglutamatos nos alimentos que sao desconjugados no jejuno
superior e transportado ativamente através do epitélio da mucosa (FISCHBACH; DUNNING
2008). O folato circula como 5-metiltetra-hidrofolato (5-MTHF), pela agdo da enzima
metilenotetrahidrofolato (MTHF) redutase que é ainda desmetilado em tetra-hidrofolato
(THF) em uma reagéo catalisada por B12, que requer Hci como um aceitador de metila
(levando a geracdo de metionina). O tetrahidrofolato € responséavel por transferir carbono
nas reacdes do organismo, principalmente nas reacdes necessarias para a sintese de DNA.

A manifestacdo clinica da deficiéncia das vitaminas B9 e B12 & a anemia
megaloblastica (SCHAEFER; KOSCH; TESCHNER 2002). Vegetais de folhas verdes, graos
integrais, fermento e figado séo particularmente ricos em folato, preferencialmente quando
cru ou nao fortemente processado. Além disso, as bactérias intestinais também sintetizam
folato (CHOUMENKOVITCH et al., 2001). Em muitos paises, farinha e pao séo enriquecidos
com folato como estratégia da saude publica. Essa medida resultou em uma reducéo de
4,9% para 1,9% na proporcao de pessoas na populacdo que apresentavam deficiéncia de
folato (MALOUF; GRIMLEY; AREOSA 2003).

O Acido Folico também apresenta consideravel atividade antioxidante pois em sua
estrutura molecular existe um grupo hidroxila no anel do tipo purina (Figura 3). Em suas
reagOes com radicais oxidantes, como mostrado no estudo de Joshi et al. (2001), in vitro, o
acido folico inibiu a oxidacao da hipoxantina em acido urico. J& em estudo in vivo, do mesmo
autor, o acido fdlico inibiu a peroxidagéo lipidica microssomal que foi dependente da
concentracdo administrada, desta forma, espera-se que esse grupo hidroxila desempenhe
um papel antioxidante.

Além disso, o folato é o principal componente dietético que controla os niveis de HHci
em nosso organismo (embora a vitamina B12 também contribua neste processo, € em
menor proporc¢ao). Uma suplementacao entre 0,5-5,0 mg/dia de &cido folico diminui cerca
de 25% os niveis de Hci (LONN et al., 2006).
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Glu-PABA—CH;

Figura 3: Estrutura quimica do acido fdlico.
Fonte: Adaptado de Joshi et al. (2001).

Racek et al. (2005) observaram o efeito do folato e antioxidantes isoladamente sobre
os niveis de homocisteina e marcadores de estresse oxidativo em pacientes com hiper-
homocisteinemia e comprovaram que a suplementacao de &cido félico 5mg/d durante 5
meses foi capaz de previnir a peroxidacao lipidica. Outros estudos apontam o folato como
co-substrato na remetilacdo do metabolismo da Hci, observando uma intervencéo
significativa e efetiva do &cido félico na reducao das concentracdes plasmaticas da mesma
(DELFINO et al., 2007; HOUSE et al., 2010; SHEVCHUK et al., 2019).

Poucos estudos examinaram a associagcdo do EO/EN na progressdo da DRC em
pacientes nao dialiticos. Além disso, considerando-se o amplo uso terapéutico de diuréticos
e drogas cardiovasculares por esses pacientes e o envolvimento do EO/EN no
desenvolvimento da DRC, torna-se desafiador identificar possiveis novas propriedades
farmacoldgicas desses medicamentos (além das ja estabelecidas), como por exemplo um
carater antioxidante capaz de auxiliar no tratamento desta doenca.

Até 0 momento ndo é de nosso conhecimento que tenha sido feito algum trabalho
onde se avalie grande quantidade de biomarcadores de EO/EN em pacientes com DRC em
diferentes estagios da doenca (G3a, G3b e G4) cuja intervencado tenha sido realizada em
um curto periodo (3 meses) com acido félico (5mg/d). Por fim, a detec¢éo precoce da DRC
e condutas terapéuticas apropriadas para minimizar sua progressao podem reduzir o
sofrimento destes pacientes bem como os custos financeiros associados a esta doenga. Em
funcdo disto, na busca por tratamentos que auxiliem na diminuicdo da progresséao da DRC,

sdo crescentes o0s estudos com agentes antioxidantes nesses pacientes.

2 OBJETIVOS
2.1 ARTIGO 1: A RANDOMIZED TRIAL OF SHORT-TERM TREATMENT WITH FOLIC ACID TO REDUCE

THE OXIDATIVE STRESS OF PATIENTS WITH CHRONIC KIDNEY DISEASE
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2.1.1 Objetivo Geral
Examinar os efeitos do tratamento com acido félico (5mg/d) em marcadores
bioquimicos e biomarcadores de EO/EN em pacientes com DRC pré dialiticos.

2.1.2 Objetivos Especificos

Avaliar os efeitos do &cido félico nas alteracbes de marcadores bioquimicos em
pacientes com DRC;

Verificar se o tratamento com &cido félico aumenta as defesas antioxidantes e atenua
0s marcadores pro oxidantes de pacientes em pré-dialise;

Analisar se as alteracBes de biomarcadores antioxidantes e oxidantes estédo
relacionadas com as variaveis: tratamento com acido félico, TFG, sexo, idade, IMC, IPAQ,

diabetes mellitus, hipertensao, uso de medicamentos e tabagismo.

2.2 ARTIGO 2: POTENTIAL BIOMARKERS TO FOLLOW-UP THE PROGRESSION OF CHRONIC KIDNEY
DISEASE AND A NEW STRATEGY TO ENHANCE ANTIOXIDANT DEFENCES IN EARLY AND MODERATE
STAGES.

2.2.1 Objetivo Geral
Examinar se em pacientes nos diferentes estagios da DRC (G3a, G3b e G4) o 4cido
félico (5 mg/d) pode influenciar nos parametros hematoldgicos, atividades da enzima PON1,

na TFGe e nos niveis de Hci.

2.2.2 Objetivos Especificos

Analisar os efeitos do acido félico nos parametros hematoldgicos em pacientes nos
estagios iniciais e moderado da DRC, sem anemia;

Verificar se o tratamento é eficaz em melhorar a TFGe, aumentar atividades de
enzimas antioxidantes (PON1) e diminuir os niveis de Hci;

Discutir a possibildade do uso de potenciais biomarcadores laboratoriais (Hci e

atividade da PON1) para acompanhar a progressédo da DRC.

3 METODOS E CASUISTICA

3.1. DELINEAMENTO DO ESTUDO

O delineamento refere-se a um ensaio clinico aleatorizado.
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3.2 CARACTERISTICAS DA POPULACAO ESTUDADA

Neste estudo, 113 pacientes ambulatoriais com DRC foram recrutados no
ambulatério de nefrologia do ambulatério de especialidades do hospital universitario (AEHU)
da Universidade Estadual de Londrina (HC-UEL), no periodo entre os anos de 2017 e 2018,
e alocados em grupos intervencdo (n=66) e controle (n=47). Todos os participantes eram
brasileiros, com idades entre 18 e 65 anos, em ambos os sexos. Para o célculo da amostra
considerou-se um erro amostral de 5% e um nivel de confianca de 95%. Considerando-se
os dados da Sociedade Brasileira de Nefrologia de 2014 (SESSO et al., 2016), onde para
cada 01 paciente em dialise temos 10 com DRC em situacdo nédo dialitica, chegou-se a um
namero aproximado de 115 pacientes para condugdo deste estudo. Considerando uma
possivel perda amostral por diferentes razdes de cerca de 20%, chegamos a um total de 138
pacientes.

O diagnéstico clinico da DRC dos pacientes foi obtido nos prontuarios médicos do
hospital. As equagbes MDRD (LEVEY et al., 1999) e CKD-EPI (LEVEY et al., 2009) foram
usadas para estimar a TFG com base nos niveis séricos de creatinina. Os pacientes com
DRC foram classificados em trés grupos, de acordo com a TFGe, classificacdo em G3a, G3b
e G4 (KDIGO, 2021).

Os critérios de inclusdo foram: pacientes de ambos o0s sexos, idade acima de 18 anos
em plena condicdo cognitiva, sem apresentar comorbidades que predissem a participacao
neste estudo e com TFGe correspondente a classificacdo nos estagios 3-4 da DRC.

Os critérios de exclusdo para todos os sujeitos foram: a) idade inferior a 18 anos; b)
disturbios neuroinflamatdérios, incluindo doenca de Parkinson, acidente vascular cerebral,
esclerose multipla e doenca maligna; e c¢) uso de drogas imunomoduladoras e/ou
suplementos de antioxidantes e acidos graxos w3-poliinsaturados. Todos os pacientes foram
alocados em um grupo de intervencao ativo (tratamento com acido félico) ou em um grupo
controle (sem intervencao). A dose de &cido folico foi fixada em uma concentracdo de 5 mg
por dia em comprimidos. A escolha dessa dosagem é baseada em estudos anteriores
(NANAYAKKARA et al., 2007; HOUSE et al., 2010).

Dados sociodemogréficos e clinicos foram coletados de todos os participantes,
incluindo presenca de diabetes, hipertensdo, uso de anti-hipertensivos ou estatinas. A
pressdo arterial sistolica e diastolica (SP e DP) foi mensurada com esfigmomandmetro
aneroide. O diagndstico de transtorno de uso do tabaco (TUD) foi realizado utilizando os
critérios do DSM-IV-TR. Também foi avaliado o indice de massa corporal (IMC) como peso

corporal (kg) / altura (m?).
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3.3 CONSIDERACOES ETICAS

O presente estudo foi aprovado pelo Comité de Etica em Pesquisa Envolvendo Seres
Humanos da Universidade Estadual de Londrina/Hospital Universitario Regional Norte do
Parana, com parecer n° do CAAE: 63097216.1.0000.5231 (ANEXO A). Este estudo foi
registrado no Registro Brasileiro de Ensaios Clinicos (ReBEC), sob a referéncia RBR-2bfthr.

Todos os individuos foram convidados a participar voluntariamente da pesquisa e
informados, em detalhes, sobre o0 estudo a ser desenvolvido. Logo apds tomarem ciéncia do
projeto, o termo de consentimento livre e esclarecido (APENDICE A e B) foi assinado por

todos os pacientes.

3.4 INSTRUMENTO PARA COLETA DE DADOS

3.4.1 QUESTIONARIO ESTRUTURADO

Apbs consentimento informado, os participantes foram submetidos a entrevistas
clinicas, além da aplicacdo de um formulario para obtencdo dos dados demogréaficos e

antropométricos.

3.5 DADOS ANTROPOMETRICOS E MEDIDA DA PRESSAO ARTERIAL

Foram obtidos dados como medida da circunferéncia abdominal durante a
expiragdo, em posicdo de pé e relaxada, na linha média entre as margens costais mais
baixas e a crista iliaca paralela ao chao, altura e peso. Foi avaliado a presséo arterial
sistolica e diastélica usando um esfigmomandmetro de mercuario no braco direito e utilizou-
se o valor médio de duas medidas realizadas a 5 minutos de distancia. Também foi calculado

o IMC através da divisdo do peso pela altura elevada ao quadrado (IMC=Kg/m?).
3.6 AVALIACOES LABORATORIAIS
3.6.1 Coleta de Sangue
Um técnico de laboratorio de Analises Clinicas coletou amostras de 32 mL de sangue
venoso na prega do cotovelo, respeitando jejum de 12 horas e as coletas foram realizadas

no periodo matutino. As amostras foram depositadas em tubos a vacuo, um com gel

separador sem anticoagulante, centrifugados por 10 minutos a 8.568xg (g-force) em
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centrifuga (EVLAB®, Londrina, PR, Brasil) e aliquotas de soro foram armazenadas em
freezer a -80°C (Kendro®, Asheville, NC, EUA) até o momento de uso.

Os niveis de colesterol total, HDL-c, triglicerideos, &cido drico, aspartato
aminotransferase (AST), alanina aminotransferase (ALT), proteinas totais, albumina e
glicose foram determinados por um método automatizado (Dimension® RXL- Siemens
Healthcare Diagnostics Inc, Newark, DE, EUA). Os niveis de HDL-c foram medidos
diretamente, sem necessidade de pré-tratamento da amostra ou de passos de centrifugacao
especializados. A lipoproteinas de densidade baixa (LDL-c) foi calculado pela equacao de
Friedewald: LDL = CT — (TG/5 + HDL). Os triglicerideos séricos foram medidos utilizando
um procedimento enzimatico empregando combinac¢des de enzimas. Os niveis de insulina
plasméatica foram determinados por MEIA (AXSYM, Abbott® Laboratory, Alemanha). As
analises de Hci foram mensuradas por metodologias automatizadas no aparelho Architect
i2000SR (Abbott, IL, EUA). O acido félico e a vitamina B12 foram mesurados por
guimiluminescéncia (valores de referéncia 3—17 ng/mL e 180-900 pg/mL, respectivamente).
Os valores CV inter-ensaio para todas as analises foram <10%.

Os niveis séricos de PCR de alta sensibilidade foram determinados usando um
ensaio turbidimétrico (ARCHITECT ¢8000, Architect, Abbott Laboratory, Abbott Park, IL,
USA). Para o céaculo dos indices de HOMA (HOMA-IR) foi utilizado o HOMA calculator®©,
Version 2.2.3 (Diabetes mellitus Trials Unit of University of Oxford).

3.6.2 Avaliagédo dos Biomarcadores de Estresse Oxidativo

3.6.2.1 Capacidade antioxidante total plasmética (TRAP)

O TRAP foi avaliado por quimiluminescéncia (QL) em uma adaptacdo do método da
técnica descrita por Repetto et al. (1996). Esta metodologia detecta antioxidantes hidro e/ou
lipossolluveis presentes no soro. Este experimento foi conduzido em um leitor de microplaca
Victor X-3, Perkin Elmer®, (Waltham, MA, EUA) em um modo de contagem n&o coincidente
por 25 minutos e uma faixa de resposta entre 300 a 620 nm com controle de temperatura de

30°C. Resultados foram expressos em puM Trolox.
3.6.2.2 Determinacédo da superéxido dismutase (SOD)
A atividade da enzima SOD nos eritrcitos foi determinada usando o método do

pirogalol descrita por Marklund et al. (1974). Esta técnica baseia-se na inibicdo que esta

enzima promove na auto-oxidacdo do pirogalol em solucdo aquosa. A quantidade de SOD
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gue foi capaz de inibir 50% da oxidagcao do pirogalol foi definida como uma unidade de
atividade enzimatica. A leitura da reacdo da SOD foi realizada em uma leitora de
microplacas, marca Perkin Elmer®, modelo EnSpire (Waltham, MA, EUA) com o
comprimento de onda de 420 nm. Resultados foram expressos em USOD/min/gHb.

3.6.2.3 Determinagéo da catalase (CAT)

A andlise da atividade da CAT foi através da medida do decaimento na concentracao de
peréxido de hidrogénio (H202) e da geracdo do oxigénio, utilizando a técnica descrita por
Aebi (1984). A leitura foi realizada em uma leitora de microplacas, marca Perkin Elmer®,
modelo EnSpire (Waltham, MA, EUA) no comprimento de onda de 240 nm. Resultados foram

expressos em ABS/min/gHb.

3.6.2.4 Determinagé&o do sistema glutationa (GT, GSH e GSSG)

Utilizamos a técnica descrita por Anderson (1985) e Tietze (1969) para determinar a
concentracdo de glutationa total (GT), glutationa reduzida (GSH) e glutationa oxidada
(GSSG) nos glébulos vermelhos através da formacéo de &cido tio nitrobenzoico (TNB) no
comprimento de onda de 412 nm, utilizando um espectrofotdmetro. A reagdo de duas
moléculas de GSH (amostra) e uma molécula de &cido ditio-bis-nitrobenzoico (DTNB) resulta
na formacédo de GSSG e TNB, de coloracdo amarela. Na presenca de glutationa redutase
(GR) e NADPH, o GSSG resultante da primeira reacao (ou que ja estava presente na
amostra) € reconvertido em GSH, obtendo assim as quantidades de GT presentes na
amostra. A quantidade de GSSG € obtida pela formula: (TG - GSH) / 2. A reacao foi lida em
um leitor de microplacas Perkin ElmerTM, modelo EnSpire (Waltham, MA, EUA). Os

resultados foram expressos em mM / gHb.

3.6.2.5 Determinagé&o de grupamento sulfidrila (SH) totais no plasma

O grupamento SH de proteinas foi avaliado no soro utilizando o método descrito
previamente por Hu (1994) e adaptado para microplaca por Taylan e Resmi (2010). O
método de andlise foi baseado na reacdo do acido 5,5-ditiobis 2-nitrobenzoico (DTNB) com
o grupo sulfidrila de proteinas. A leitura da reacao foi feita em uma leitora de microplaca
marca Perkin EImer®, modelo EnSpire (Waltham, MA, EUA) com o comprimento de onda de

412 nm. Os resultados foram expressos em pUM.
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3.6.2.6 Determinagéo da atividade da paraoxonasel (PON 1)

A atividade total PON1 e dos seus genétipos (PON1Q/Q192, PON1R/R192 e
PON1Q/R192) foram realizadas pela metodologia descrita por Richter, Jarvink e Furlong
(2008). Os substratos utilizados foram fenilacetato (PA, Sigma, EUA) e 4- (clorometil)
fenilacetato (CMPA, Sigma, EUA), que é uma alternativa ao uso do paraoxon toxico. As
atividades da PON1 foram determinadas pela taxa de hidrélise de CMPA (CMPAase, que é
influenciada pelo polimorfismo PON1 Q192R), bem como pela taxa de hidrélise do
fenilacetato (AREase, que € menos influenciada pelo polimorfismo PON1 Q192R). A leitura
da reacdo foi realizada em uma leitora de microplacas, marca Perkin ElImer®, modelo
EnSpire (Waltham, MA, EUA) no comprimento de onda de 280 nm durante 4 minutos (16
leituras com intervalo de 15 segundos entre as leituras) com a temperatura mantida a 25°. A

atividade total da PON 1 foi expressa em U/mL.

3.6.2.7 Determinagé&o de hidroperoxidos por quimiluminescéncia (QL-LOOH)

A avaliagdo da formacdo de hidroperéxidos (LOOH) por quimiluminescéncia é
efetuada em uma adaptacao da técnica descrita por Flecha, Llesuy e Boveris (1991) e Panis
et al. (2012). A quimiluminescéncia estimulada por t-butil foi empregada para analisar os
niveis de hidroperoxidos presentes no soro. Este teste baseia-se no consumo das defesas
antioxidantes e a formacéo de hidroperédxidos resultando em um aumento da emisséo de
fétons, ou seja, em um aumento de quimiluminescéncia que esta relacionado com o estresse
oxidativo. Este experimento foi realizado em luminometro Glomax (TD 20/20). Todo o
experimento foi realizado ao abrigo da luz para evitar a fosforescéncia, a 30°C, durante 60
minutos. Os resultados foram expressos em unidades relativas de luz(URL) e a
curva obtida foi utilizada como um indicador qualitativo da lipoperoxidagdo. Os resultados
guantitativos foram obtidos ap0s aintegragdo da é&rea sobre a curva utilizando

o OriginLab 7.5 software.

3.6.2.8 Determinagdo quantitativa de malondialdeido (MDA)

A quantificacdo de MDA foi realizada conforme a técnica descrito por Bastos et al.
(2012) utilizando cromatografia liquida de alta performance (CLAE) Alliance 2695, Waters®
(Barueri, SP, Brasil) com uma coluna Eclipse XDB-C18 4,6mm x 250mm 5um, Agilent®
(Santa Clara, CA, EUA). A leitura foi realizada no comprimento de onda de 532 nm.

Resultados de MDA expressos em pmol de MDA/mg de proteinas.
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3.6.2.9 Determinacgdo de metabdlitos do éxido nitrico (NOX)

A determinacado da concentracao de subprodutos do 6xido nitrico (NO) foi realizada
pela técnica descrita por Navarro-Gonzalvez et al. (1998). O NO é um gas muito instavel e
rapidamente se degrada nos subprodutos nitratos e nitritos, que podem ser detectados no
soro. O método de deteccao baseia-se na reducao de nitrato a nitrito, mediada por reacdes
de éxido-reducdo ocorridas entre o nitrato presente na amostra e o0 sistema cadmio-cobre
dos reagentes, com posterior diazotacdo e detec¢ao colorimétrica do azocomposto formado
pela adicdo do reagente de Griess. A quantificacdo de NOXx foi feita em leitora de microplacas
Asys Expert Plus, Biochrom® (Holliston, MA, EUA), sendo as leituras feitas em 540 nm. A

concentracao de oxido nitrico foi expressa em uM.

3.6.2.10 Determinacgé&o de produtos avancados da oxidacéo de proteinas (AOPP)

Para a quantificagdo de AOPP no soro utilizou-se o método descrito por Hanasand
et al. (2012). Esse teste é empregado para medir a oxidagdo proteica. A leitura da reagéo
da AOPP foi feita em uma leitora de microplaca marca Perkin Elmer®, modelo EnSpire
(Waltham, MA, EUA) no comprimento de onda de 340 nm. A concentragdo de AOPP foi

expressa em umoles/L de equivalente de cloramina T.

3.7 Andlise estatistica

3.7.1 ARTIGO 1: A RANDOMIZED TRIAL OF SHORT-TERM TREATMENT WITH FOLIC ACID TO REDUCE
THE OXIDATIVE STRESS OF PATIENTS WITH CHRONIC KIDNEY DISEASE

A andlise de tabelas de contingéncia (teste x2) foi empregada para avaliar as
associagdes entre as variaveis categoricas e a analise de variancia (ANOVA) foi empregada
para avaliar as diferengas nas variaveis continuas entre os grupos de tratamento. O teste t
de Student pareado foi usado para a analise intragrupo e o teste t de Student ndo pareado
para a avaliacdo intergrupo dos efeitos do acido folico sobre os biomarcadores bioquimicos
e de estresse oxidativo e a interacdo dos efeitos do tratamento e dos grupos de DRC.
Empregamos a andlise multivariada de modelo linear geral (GLM) para verificar os efeitos
do tratamento com &cido félico nos biomarcadores enquanto controlamos grupos de DRC,
sexo, idade, IMC, IPAQ, diabetes, hipertensédo, uso de estatina, inibidores da enzima
conversora de angiotensina (iIECA) + bloqueadores de receptores da angiotensina (BRA),

acido acetilsalicilico (AAS) e tabagismo. Todos os testes foram bicaudais e um valor de p <
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0,05 foi usado para significancia estatistica. Todos os resultados sdo apresentados como
média e desvio padrao. As andlises estatisticas foram realizadas no IBM SPSS Windows
versao 25.

3.7.2 ARTIGO 2: POTENTIAL BIOMARKERS TO FOLLOW-UP THE PROGRESSION OF CHRONIC KIDNEY
DISEASE AND A NEW STRATEGY TO ENHANCE ANTIOXIDANT DEFENCES IN EARLY AND MODERATE
STAGES

A analise das tabelas de contingéncia (teste do x2) foi empregada para avaliar as
associacdes entre varidveis categoricas, enquanto a andlise de variancia (ANOVA) foi
empregada para avaliar as diferengas nas variaveis continuas entre os grupos de
tratamento. A andlise da Equacdo de Estimativa Generalizada (Generalized estimating
equation - GEE), medidas repetidas, foi empregada para avaliar os efeitos do acido félico na
TFGe e nos biomarcadores. As analises GEE pré-especificadas incluiram efeitos
categoricos do tratamento com acido folico, tempo e interacdo tempo a tratamento. A analise
GEE, medidas repetidas, também foi usada para examinar as alteragdes ao longo do tempo
(da linha de base ao ponto final) nos dados de TFGe e de biomarcadores. Todos os testes
foram bicaudais e um valor de p de < 0,05 foi utilizado para significancia estatistica. As
andlises estatisticas foram realizadas usando o IBM SPSS windows versdo 25. Foram
computadas duas pontuagc8es compostas ponderadas por unidade z, uma refletindo primeiro
um indice integrativo da atividade PON1 computada como atividades z CMPAase + z
AREase e a segunda refletindo uma razdo PROOX / ANTIOX e calculado como z Hci - z
(zCMPAase + zAREase).

4. RESULTADOS
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Abstract: Background: Increased generation of reactive oxygen and nitrogen species in chronic kidney disease
(CKD) patients leads to increased oxidative stress. The antioxidant capacity of folic acid has been shown to scavenge
radicals efficiently.

Objective: The current study was carried out to examine the effects of folic acid treatment on biochemical and oxida-
tive stress biomarkers in patients in different stages of CKD.

Methods: This was a randomized, non-blinded, clinical trial that assessed the effects of 3 months of treatment with 5
mg of folic acid daily or no treatment in 113 outpatients within CKD stages 3a and 3b. At the end of the intervention,
we analyzed the data of 66 patients treated with folic acid and 47 in the control group. Serum homocysteine levels
and biochemical and oxidative/nitrosative stress biomarkers were analyzed in all patients.
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Results: In most patients, folic acid treatment normalized homocysteine levels and increased antioxidant enzyme

Dor: activity (paraoxonase 1) and decreased sulthydryl (SH) groups. In addition, oxidative biomarkers (products of nitric

10.2174/1389200222666211210153145  6xide and lipid hydroperoxide) were significantly lower post-treatment compared to baseline in the active interven-
tion group. In the no active intervention group, no statistically significant effects were found on the oxidative and
biochemical biomarkers.

Conclusion: Folic acid treatment in stages 3a-4 CKD patients effectively ameliorated their hyperhomocysteinemia
and increased the activity of antioxidant enzymes, as well as decreased the levels of pro-oxidant biomarkers in stage
G3a and G3b CKD patients. Folic acid treatment attenuated oxidative/nitrosative stress and may be considered as a
possible strategy to improve redox status and diminish the damages associated with oxidative/nitrosative stress in
CKD patients. Further studies are needed to confirm these findings.

Clinical Trials Register No: This study is registered in the Brazilian Record of Clinical Trials (ReBEC), under refer-
ence RBR-2bfthr.

Keywords: Chronic kidney disease, folic acid, antioxidant, homocysteine, anemia, scavenging free radicals.

1. INTRODUCTION

Kidney disease has a major effect on global morbidity and mor-
tality. The prevalence of cases of all-stage chronic kidney disease
(CKD) was recorded at 9.1% of the population worldwide [1]. Pa-
tients affected by kidney disease experience huge cardiovascular risk,
and cardiovascular events represent the leading causes of death [2].

An adult patient is identified with chronic kidney disease
(CKD) when they present, for a period equal to or greater than three
months, a glomerular filtration rate (GFR) lower than 60
ml/min/1.73 m?. It is suggested that the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation should be used to
estimate a patient’s GFR from serum creatinine [3]. Early detection
and treatment by primary care clinicians are important because
progressive CKD is associated with adverse clinical outcomes,
including cardiovascular disease and increased mortality [4]. The
kidney is a highly metabolic organ, rich in oxidation reactions in

*Address correspondence to this author at the Hospital Universitario de
Londrina, Av. Robert Koch, 60 Vila Operaria CEP: 86038-350 Londrina -
PR, Londrina, Brazil; Tel/Fax: 55 43 33712451; Cell: 55 43 9 96016344,
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mitochondria, which makes it vulnerable to damage caused by oxi-
dative and nitrosative stress (IO&NS) [5].

Oxidative stress, defined as disturbance in the pro and antioxi-
dant balance, is harmful to cells due to the excessive generation of
highly reactive oxygen (ROS) and nitrogen (RNS) species. When
the balance is not disturbed, oxidative stress plays a role in physio-
logical adaptations and signal transduction [6]. However, an exces-
sive amount of ROS and RNS results in the oxidation of biological
molecules, such as lipids, proteins, and DNA. IO&NS have been
reported in kidney disease, due to both antioxidant depletions and
increased ROS production [7]. Amplification of oxidative stress is
present from the early stages of CKD, holding a key position in the
pathogenesis of renal failure [8]. In addition, in patients at advanced
stages of CKD, increased oxidative stress is associated with com-
plications, such as hypertension, atherosclerosis, inflammation,
anemia, and diabetes [9, 5]. Pei ef al. [10] detected an increased
level of advanced oxidation protein products (AOPP), and
malondialdehyde (MDA) and superoxide dismutase (SOD) serum
levels were decreased in CKD patients. Furthermore, Kennedy
et al. [9] suggested that paraoxonase (PON)-1 activity was lower in
CKD subjects compared to non-CKD control subjects.

© XXXX Bentham Science Publishers
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Homocysteine (Hcy) is a sulthydryl-containing amino acid
formed during the metabolism of methionine to cysteine [11]. High
plasma Hcy levels (hyperhomocysteinemia) occur in approximately
85% of CKD patients because of impaired renal metabolism and
reduced renal excretion [12]. Hyperhomocysteinemia increases
oxidative stress because Hey is susceptible to auto-oxidation, with
the secondary generation of ROS (superoxide radicals [O,”] and
hydrogen peroxide [H,0,]) and lipid peroxidation. In addition, Hey
can inhibit the activity of the antioxidant enzymes, glutathione per-
oxidase and SOD [13].

Folic acid, the synthetic form of vitamin B9, is critical in the
conversion of Hey to methionine [12]. Vitamin deficiency, mainly
folic acid and vitamin B12 (cobalamin), is considered to be a major
contributor to the hyperhomocysteinemia found in patients with
CKD [14]. In the remethylation process of Hcy, S-methyl-
tetrahydrofolate (5-MTHF), the active form of folic acid, is a co-
substrate, and vitamin B12 acts as a coenzyme that helps to over-
come the partial inhibition of methionine synthase found in uremic
patients [15]. The folic acid was observed to scavenge radicals very
efficiently, demonstrating antioxidant capacity and a significant
inhibition property in microsomal lipid peroxidation [16].

Thus, the aim of the present study was to examine the effects of
folic acid treatment on biochemical and oxidative stress biomarkers
in patients in different stages (3a-4) of CKD. In addition, it was
investigated whether these redox parameters are associated with
GFR groups, socio-demographic and anthropometric data, level of
physical activity, diabetes, hypertension, and drugs commonly used
(statins, acetylsalicylic acid (ASA or aspirin), angiotensin-
converting enzyme inhibitors (ACEI), and angiotensin II receptor
blockers (ARBs)) in this disease.

2. PARTICIPANTS AND METHODS
2.1. Participants

The study population consisted of 113 outpatients with CKD
recruited at the Department of Internal Medicine, Nephrology Sec-
tion, Clinical Hospital at the State University of Londrina (HC-
UEL). To calculate the sample, a sampling error of 5% and a 95%
confidence level were considered. Considering the data from the
Brazilian Society of Nephrology 2014 CKD census, where for
every 01 patient on dialysis there were 10 with CKD in a non-
dialysis situation, an approximate number of 115 patients was esti-
mated. CKD patients were Brazilian and over 18 years of age. The
clinical diagnosis of CKD was made by senior nephrologists based
on eGFR (CKD-EPI equation) values <60 mL/min/1.73m2 for at
least three months. From the obtained eGFR, patients were classi-
fied in the most advanced stages of CKD [3], namely G3a - mildly
to moderately decreased eGFR (59-45 mL/min/1.73 m2); G3b -
moderately to severely decreased eGFR (44-30) mL/min/1.73 m2),
and G4 - severely decreased eGFR (29-15 mL/min/1.73 m2). Pa-
tients in the G5 stage - kidney failure (eGFR <15 mL/min/1.73 m2)
were not included in the study.

2.2. Socio-demographic and Anthropometric Data

Subjects were interviewed before the blood test to collect socio-
demographic data (age, sex, and ethnicity), including family CKD
history, alcohol use, the presence of diabetes, hypertension, and use
of specific drugs (statins, ASA, ACEI+ARBs). Systolic and dia-
stolic blood pressure (SBP and DBP) were measured using a cali-
brated aneroid sphygmomanometer under standard conditions. The
diagnosis of tobacco use disorder was made using DSM-IV-TR
criteria. Waist circumference, weight, and height were measured,
and body mass index (BMI) was calculated by dividing the weight
(Kg) by the squared height (m).

Subjects with clinical or laboratory evidence of autoimmune,
liver, or neurological disease (including Parkinson’s disease, stroke,
and multiple sclerosis), younger than 18 years, who did not fit
within stages 3a-4, used immunomodulatory or immunosuppressive
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drugs, who had cancer, or used antioxidant supplements, were ex-
cluded from both the groups.

2.3. Study Design

This was a randomized, non-blinded, clinical trial, which exam-
ined the effects of an intervention with folic acid on biochemical
and oxidative stress biomarkers in pre-dialysis individuals with
CKD. A statistician was responsible for assigning the patients to
each group by means of computed numerical randomization. To
avoid selection bias, a third person, not involved in the study, num-
bered the envelopes. Patients were allocated into a group treated
with folic acid (active intervention group) or a group with no active
intervention (control group) from September 2017 to March 2019.
Treatment with oral folic acid was fixed at a dose of 5 mg daily for
3 consecutive months [17, 18]. All patients had blood tests at base-
line and again 3 months later. After informed consent was given,
the participants underwent clinical interviews, including the Inter-
national Physical Activity Questionnaire (IPAQ), a validated tool to
measure the level of physical activity [19, 20], and on the same day,
blood samples were collected. The intervention started the follow-
ing day in the morning. Treatment compliance was ascertained via
pill counts and self-reporting.

The study was approved by the Human Research Ethics Com-
mittee of the State University of Londrina (UEL), Brazil (CAAE
63097216.1.0000.5231). This study is registered in the Brazilian
Record of Clinical Trials (ReBEC), under reference RBR-2bfthr.

2.4. Assays

Fasting blood was sampled from all individuals between 8.00
and 9.00 a.m. Blood was immediately centrifuged, and the serum
was aliquoted and stored at -80°C until thawing for assays. Eryth-
rocytes from the tube with EDTA were used to test for antioxidant
enzymes. The total radical-trapping antioxidant parameter (TRAP)
[21]; sulfthydryl (SH) groups [22]; total plasmatic PON1 activity
[23]; SOD [24] and catalase (CAT) activity in erythrocytes [25];
total glutathione (GT), glutathione reduction (GSH), and oxidation
(GSSG) following the technique described by Tietze [26]; products
of nitric oxide (NOx) using an adaptation of the technique de-
scribed by Navarro-Gonzalvez et al. [27]; AOPP in plasma using
the method described by Witko-Sarsat et al. [28]; lipid hydroperox-
ides - chemiluminescence (CL-LOOH) assay [29], and MDA [30]
were assayed using previously described methods.

Analyses of serum urea, serum creatinine glucose, uric acid,
albumin, total protein, aspartate transaminase (ALT), alanine
transaminase (AST), total cholesterol, and triglycerides were per-
formed on the Dimcnsion®, RxL apparatus (Deerfield, IL, USA).
High-density lipoprotein (HDL) was measured directly with the
same methods and without sample pretreatment or centrifugation
steps. Low-density lipoprotein (LDL) was calculated using the
Friedewald equation (total cholesterol- (triglycerides/5+HDL cho-
lesterol)). Insulin levels were determined by MEIA (AXSYM, Ab-
bott® Laboratory, Germany). Serum levels of high-sensitivity CRP
(hs-CRP) were determined using a turbidimetric assay (ARCHI-
TECT ¢8000, Architect, Abbott Laboratory, Abbott Park, IL, USA).
The homeostasis model of assessment in insulin resistance
(HOMA-IR) was used as a surrogate measure of insulin sensitivity
using HOMA-IR = insulin (mU/mL) x glucose (nmol/L/22.5) [31].
Hey was measured by automated methodologies (Hey levels ele-
vated if > 12 mmol/L) on the Architect i2000SR apparatus (Abbott,
IL, USA). Folic acid and vitamin B12 were measured by chemilu-
minescence (reference values 3-17 ng/mL and 180-900 pg/mL,
respectively). The inter-assay CV values for all analyses were
<10%.

2.5. Statistical Analysis

Analysis of contingency tables (* test) was employed to assess
the associations between categorical variables, and analysis of vari-
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ance (ANOVA) was employed to assess differences in continuous
variables between the treatment groups. The paired Student's t-test
was used for the intra-group analysis and the unpaired Student's t-
test for the inter-group assessment of the effects of folic acid on the
biochemical and oxidative stress biomarkers and interaction of
effects of treatment and CKD groups. We employed multivariate
general linear model (GLM) analysis to check the effects of treat-
ment with folic acid on biomarkers while controlling for CKD
groups, sex, age, BMIL, IPAQ (VA/A/IA/S), diabetes, hypertension,
use of statin, ACEI+ARBs, ASA, and smoking. All tests were two-
tailed and a p-value of 0.05 was used for statistical significance. All
results are shown as mean (SE). The statistical analyses were per-
formed using IBM SPSS windows version 25.

3. RESULTS
3.1. Consort Flow Diagram

Fig. (1) shows the CONSORT flow diagram and the progress of
the participants through the randomized trial. Of the 209 CKD pa-
tients initially included in the study, 73 were excluded due to dif-
ferent exclusion criteria, as shown in Fig. (1). As a consequence,
136 patients were randomized in the study; 82 (60.30%) allocated
to the intervention arm treated with folic acid and 54 (39.70%)
allocated to the control group. After allocation, 23 patients were
lost to follow-up (Fig. 1). Finally, 113 patients completed the 12-
week follow-up assessment, involving 66 patients treated with folic
acid and 47 control patients. There were no missing data in either
the treatment arm at baseline or after treatment.

3.2. Baseline Characteristics of Patients in Both Groups

Table 1 shows the baseline characteristics of CKD patients
treated with and without folic acid. There were no significant dif-

ferences between treatment groups in any of the demographic data,
including age, sex, and ethnicity, or baseline clinical data, including
BMI, abdominal circumference (AC), use of drugs (statins, ACEI +
ARBs, and ASA), diabetes, hypertension, heart rate (HR), DBP,
smoking, and alcohol use. The SBP was somewhat higher
(P=0.008) in patients treated with folic acid than in controls. There
were no significant differences in IPAQ measures between patients
who were treated or not with folic acid.

3.3. Effects of Treatment with Folic Acid

Table 2 shows the results of the paired and unpaired Student's t-
tests. We examined the effects of treatment (study groups with or
without folic acid) on biochemical markers and analyzed the basal
values between the groups. Post-treatment levels of folic acid were
significantly increased in the active intervention group (P=0.001)
compared with baseline levels. The post-treatment levels of Hey
were significantly lower in patients treated with folic acid
(P=0.001) compared with pretreatment values. When comparing the
baseline values between the active intervention group and the con-
trol group, statistically significant differences were observed in
glucose (P=0.041) and HOMALIR levels (P=0.012).

Antioxidant and oxidant biomarkers are reported in Table 3. We
found that the changes in folic acid from baseline to 3 months later
were significantly higher in PON1 CMPAase (P=0.001) and AREase
(P=0.001) activities. We also found that the SH-groups (P=0.001)
were significantly lower in the active intervention group. The post-
treatment levels of NOx (P=0.030) and CL-LOOH (P=0.019) were
significantly lower in patients treated with folic acid compared with
baseline levels. There were no significant effects of treatment on
TRAP, SOD, CAT, GT, GSH, GSSG, AOPP, and MDA levels. The
basal values analyzed between groups were not significant.

Outpatients with

(n=209)

Kidney Disease(CKD)

Chronic

Did not meet inclusion criteria (n=73):
Age less than 18 years (n=2)
Neuroinflammatory disorders (n=6)

Malignancies (n=12)

Use of immunomodulatory drugs (n=20)
Use of antioxidant supplements (n=8)
Did not classified into CKD stages 4, 3b
and 3a (n=25)

Randomized (n= 136)

! l
Allocated Intervention with folic acid Did not allocated intervention with folic
(n=82) : i
acid (n=54)

I

12-weeks follow-up assessment
Completed (n=66)
Did not complete (n=16)

Died before assessment time (n=4)
Interrupted treatment before
assessment time (n=5)
Withdrew consent (n=4)

12-weeks follow-up assessment
Completed (n=47)
Did not complete (n=7)
Died before assessment time (n=1)
Withdrew consent (n=3)
Start to use antioxdants before
assessment time (n=3)

Start to use antioxidants before
assessment time (n=3)

Fig. (1). Consort flow diagram.
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Table 1. Baseline comparison of socio-demographic and clinical data of chronic kidney disease patients treated with folic acid and
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controls.

Variables Control (n=47) Folic Acid (n=66) F/X? df P
Age (years) 67.08 (1.77) 66.35 (1.61) 0.17 1/111 0.678
Sex (F/M) 19/28 30/36 0.28 1 0.595
Ethnicity (C/nC) 41/7 60/6 0.98 1 0.322
Family CKD history (Y/N) 14/34 19/47 0.002 1 0.965
IPAQ (VA/A/TA/S) 3/20/12/13 4/22/25/15 0.065 1 0.798
BMI (kg/m?*)* 29.3 (5.4) 29.1(5.1) 0.03 1/110 0.870
AC (cm) 106.312 (1.78) 104.606 (1.42) 0.570 1/112 0.452
Statin use (Y/N) 10/37 9/57 1.15 1 0.284
ACEI + ARBs use (Y/N) 12/35 21/45 0.63 1 0.589
ASA use (Y/N) 29/16 35/30 1.23 1 0.268
Diabetes (Y/N) 23/24 29/37 0.77 1 0.599
HBP(Y/N) 16/29 18/47 0.77 1 0.380
SBP (mm Hg) 120.6 (16.1) 129.0 (18.6) 7.36 1/111 0.008
DBP (mm Hg) 82.8 (13.5) 83.2(12.7) 0.03 1/111 0.867
HR (bpm) 69.458 (2.00) 71.712 (1.56) 0.810 1/112 0.370
Smoking (Y/N) 4/43 4/62 0.25 1 0.617
Alcohol (Y/N) 1/47 2/62 0.096 1 0.756

All results are shown as mean (SE). BMI: body mass index: IPAQ (VA/A/IA/S): International Physical Activity Questionnaire (very active/active/insufficient active/ sedentary):;
ACE:i: Angiotensin-converting enzyme inhibitors: ARBs: Angiotensin II Receptor Blockers; ASA: acetylsalicylic acid; HBP: high blood pressure; SBP: systolic blood pressure, DBP,

diastolic blood pressure; HR: heart rate; AC: abdominal circumference. *Processed in Ln transformation.

Table 2.  Effect of folic acid treatment on biochemical markers in chronic kidney disease patients.

Variables Active Treatment Basal Post-treatment P P
¢GFR (mL/min/1.73m?) No 36.297 (1.86) 36.787 (2.26) 0.882 0.640
Yes 35212 (1.43) 34.939 (1.69) 0311 ’
Creatinine (mg/dL) * No 1.928 (0.09) 1.931 (0.09) 0.995 B
Yes 1.923 (0.07) 1.952 (0.08) 0.722 ’
Urea (mg/dL) * No 63.978 (3.54) 62.553 (3.17) 0.932 i
Yes 66.650 (3.51) 69.363 (3.453) 0.237 ’
Glucose (mg/dL)* No 113.319 (4.62) 114.595 (5.01) 0.967 -
Yes 128.809(5.48) 134.661 (5.07) 0.251 ’
Insuline (mU/L)* No 12.836 (1.12) 12.443 (0.84) 0.977 _—
Yes 16.481 (1.40) 15.318 (1.27) 0.920 o
HOMA.IR* No 3.635 (0.40) 3.624 (0.31) 0.624 —
Yes 5.408 (0.50) 7.111 (0.81) 0.256 )
Folic Acid (mg/mL) No 7.876 (0.43) 8.202 (0.48) 0.669 —
Yes 8.799 (0.41) 37.228 (3.11) 0.001 o
Homocysteine (mmol/L) No 16.848 (0.80) 16.872 (0.77) 0.828 -
Yes 17.873 (0.77) 15.672 (0.62) 0.001 ’

Table (2) contd....
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Variables Active Treatment Basal Post-treatment P P
Vitamin B12 (mg/mL) No 386.680 (25.85) 352.659 (25.21) 0.184
Yes 340.064 (21.99) 363.416 (20.64) 0.140 kgl
Acid Uric (mg/dL) No 6.870 (0.24) 6.853 (0.22) 0.951 —
Yes 6.830 (0.21) 6.827 (0.21) 0.968 .
CRP (mg/L)* No 4.170 (0.62) 3.897 (0.68) 0.752 54
0.
Yes 4.094 (0.54) 3.532(0.39) 0.155
Albumin (g/dL) No 3.776 (0.05) 3.838 (0.05) 0.270 o
Yes 3.881(0.04) 3.897 (0.04) 0.455 )
Total proteins (g/dL) No 7.352 (0.06) 7.393 (0.07) 0.642
Yes 7.378 (0.06) 7.445 (0.07) 0.141 8.1
AST (U/L)* No 22.590 (1.08) 20.818 (0.86) 0.260 —
Yes 20.878 (0.80) 20.663 (0.75) 0.768 ’
ALT (U/L)* No 29.844 (1.72) 27.644 (1.55) 0.485
0.924
Yes 29.666 (0.97) 27.545 (1.17) 0.134
Total cholesterol (mg/dL)* No 171.766 (7.70) 168.608 (5.38) 0.984 -
Yes 156.757 (4.94) 157.742 (4.86) 0.597 .
HDL (mg/dL)* No 46.510 (1.65) 49.000 (1.92) 0.259 ”
0.80:
Yes 45.907 (1.70) 46.409 (1.80) 0.836
LDL (mg/dL)* No 97.595 (6.19) 97.78 (4.78) 0.639 —_—
Yes 86.030 (3.28) 81.878 (3.13) 0.600 ’
Triglycerides (mg/dL)* No 145.808 (10.45) 138.311 (8.32) 0.835 ks
Yes 148.406 (9.13) 160.753 (12.00) 0.766 '

All results are shown as mean (SE); P <0.05. Analyses of repeated-measures paired Student's t-test. eGFR: estimated Glomerular Filtrate Rate; CRP: C-Reactive Protein; AST: Aspar-
tate aminotransferase; ALT: Alanine aminotransferase; HDL: High Density Lipoprotein; LDL: Low Density Lipoprotein. Folic acid reference values: 3-17 ng/mL. Homocysteine
levels elevated if > 12 mmol/L. *Intra-group analysis. 'Inter-group analysis of basal values. *Processed in Ln transformation.

Table 3. Effect of folic acid treatment on oxidative stress biomarkers in chronic kidney disease patients.

Variables Active Treatment Basal Post-treatment P P

No 156.359 (3.91) 159.483 (4.31) 0.341

TRAP/UA (umol trolox/mg/dL) 0.203
Yes 149.574 (3.29) 156.640 (3.94) 0.075
No 324.644 (8.59) 314.152 (9.00) 0.419

- SH (pmol/L) 0.966
Yes 325.151(7.83) 287.356 (6.59) 0.001
No 28.620 (1.49) 30.346 (1.65) 0.437

PON 1 -CMPAse (U/mL) 0.787
Yes 27.888 (1.31) 34.034 (1.25) 0.001
No 180.745 (6.84) 193.822 (7.75) 0.096

PON 1 -AREAse (U/mL) 0.947
Yes 180.310 (5.72) 199.445 (6.89) 0.001
o ) No 62.974 (2.77) 68.183 (2.99) 0.224

SOD (activity/gHb/min) 0.218
Yes 67.584 (2.43) 70.468 (2.68) 0.379
) No 54.208 (2.00) 59.439 (2.12) 0.072

CAT(abs/min/gHb) 0.132
Yes 58.220 (1.86) 60.619 (2.02) 0.399

Table (3) contd....
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Variables Active Treatment Basal Post-treatment P* P

No 7.061 (0.21) 6.664 (0.17) 0.155

GT (mM/gHb) 0.394
Yes 6.836 (0.16) 6.899 (0.15) 0.800
No 5.649 (0.15) 5412 (0.13) 0.305

GSH (mM/gHb)* 0.943
Yes 5.634 (0.13) 5.639 (0.13) 0.973
No 0.678 (0.03) 0.625 (0.04) 0.201

GSSG (mM/gHb) 0.113
Yes 0.600 (0.03) 0.629 (0.03) 0.528
No 11.045 (0.60) 9.98 (0.73) 0.166

NOx (umol/L) * 0.893
Yes 11.175 (0.68) 9.641 (0.61) 0.030
) No 106.872 (5.88) 107.347 (6.38) 0.746

AOPP (umol/I/eq. Cloramin T) 0.588
Yes 112.288 (7.25) 113.409 (8.55) 0.143
No 1.385 (0.82) 1.617 (0.11) 0.347

CL-LOOH (RUL x 10° * 0.230
Yes 1.521 (0.90) 1.286 (0.63) 0.019
No 1.024 (0.04) 1.051 (0.04) 0.617

MDA (uM/mg pt)* 0.769
Yes 1.045 (0.05) 1.060 (0.03) 0.203

All results are shown as mean (SE); P <0.05. Analyses of repeated-measures paired Student's t-test. TRAP/UA: Total Radical-Trapping Antioxidant Parameter/Uric Acid; -SH: Sulf-
hydryl groups; PON1-AREAse: Paraoxonase 1 - Arilesterase activity; PON1 -CAMPAse: Paraoxonase 1 - 4-CMPA activity; SOD: Superoxide Dismutase activity; CAT: Catalase
activity; GT: Total Glutathione; GSH: Reduced Glutathione; GSSG: Oxidated Glutathione; NOx: Nitric Oxide metabolites; AOPP: Advanced Oxidation Protein Products; LOOH:
Lipid Hydroperoxides; MDA: Malondialdehyde. RLU: Relative Light Unit. “Intra-group analysis. 'Inter-group analysis of basal values. *Processed in Ln transformation.

The group with no active intervention over the same period did
not demonstrate any statistically significant changes in the levels of
biochemical and OS biomarkers.

The inter-group analysis comparing delta (A) values of bio-
chemical and OS biomarkers showed a significant statistical differ-
ence (Tables 2 and 3), with a higher increase in folic acid levels
(P=0.001) in the treatment group compared to controls. We found a
higher decrease in Hey (P=0.022), - SH (P=0.043) and CL-LOOH
(P=0.002) in the group treated with folic acid. No other statistically
significant differences were observed in the inter-group analysis.
These results are presented in Table 4.

Table 5 also presents the results of the comparisons between
baseline and post-treatment levels in the study groups with folic
acid, within GFR groups (G3a, G3b, and G4), analyzing the bio-
chemical and oxidative stress biomarkers shown in Tables 2 and 3.
We found an increase in folic acid levels in all GFR groups; in ad-
dition, the PON1-CMPAse and PON1-AREAse activity were sig-
nificantly increased in group G4 (P=0.001 and P=0.017, respec-
tively). The same Table shows that the Hey levels decreased only in
group G4 (P=0.006) in patients treated with folic acid, and post-
treatment levels were significantly lower in SH-groups (G3b
(P=0.001) and G4 (P=0.001)), NOx (G3a (P=0.028)), and CL-
LOOH (G3b (P=0.041)).

We examined the associations between the changes in antioxi-
dant and oxidant biomarkers as dependent variables using multi-
variate GLM analysis and the exploratory variables considering
treatment with folic acid, GFR groups, socio-demographic data,
BMI, IPAQ, diabetes, hypertension, use of drugs (statins,
ACEI+ARBs, and ASA), and smoking. We found that the changes
in SH-groups, PON1-CMPAse, and folic acid levels were highly
associated with treatment type (F=16.2, df=4, P=<0.001) and diabe-
tes (F=2.59, df=4, P=0.041), but not associated with the interaction
between treatment and diabetes (F=2.10, df=4, P=0.086). We also
found changes in NOx, CL-LOOH, and Hcy to be dependent on the
treatment type (F=10.25, df=3, P=0.001), ACEI + ARBs (F=5.69,

df=3, P=0.019), HBP (F=2.05, df=3, P=0.010), interaction between
treatment®* ACEI + ARBs (F=6.64, df=3, P=0.012), treatment*HBP
(F=9.27, df=3, P=<0.001), and treatment* ACEI + ARBs*HBP
(F=9.23, df=3, P=<0.001), as reported in Table 6.

From a total number of 66 patients treated with folic acid, our
data showed that 25 patients presented reduced Hey levels, the ma-
jority of patients demonstrated increases in the antioxidant enzymes
PONI-CMPAse (n=25) and PON1-AREAse (»=50), and 41 pa-
tients showed significantly reduced oxidant biomarkers, NOx
(n=16) and CL-LOOH (n=25), in the intervention group with folic
acid. These results were not observed in the control group.

4. DISCUSSION

One of the striking findings in our study was that oxidative
biomarkers, NOx and CL-LOOH, were significantly lower in early
stages (G3a and G3b), and the antioxidant enzymes, PONI1-
AREAse and PON1-CMPAse, were significantly higher in stage G4
post-treatment with folic acid compared with baseline levels. In
addition, comparisons of delta (A) values between intervention and
control groups showed significant differences in CL-LOOH levels.
In the study conducted by Karamouzis et al. [32], the authors de-
termined the balance between oxidant and antioxidant status across
the whole range of renal function in pre-dialysis CKD patients, and
showed that oxidative stress in humans increased progressively
from early to late stages of CKD, correlated with eGFR. A recent
study involving advanced CKD patients showed that folic acid
treatment may delay the initiation of hemodialysis [33]. Another
study analyzed the effects of 6 months of 10 mg of folic acid given
three times weekly after each dialysis session. The treatment nor-
malized plasma Hcy levels and increased plasma antioxidant capac-
ity, thereby attenuating oxidative stress [14].

In addition, Joshi ef al. [16] demonstrated folic acid to be an
effective free radical scavenger. In vivo, folic acid can protect bio-
constituents from free radical damage. Despite being a water-
soluble molecule, the distribution of folic acid is expected to be
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Variables Control Folic Acid P

Folic Acid (mg/mL) -0.257 (3.03) -28.429 (2.53) 0.001
Homocysteine (mmol/L) -0.141 (0.77) 2.201 (0.64) 0.022
- SH (umol/L) 10.492 (10.68) 39.315 (9.15) 0.043
PON 1 -CMPAse (U/mL) -1.727 (2.02) -6.146 (1.72) 0.099
PON 1 -AREAse (U/mL) -15.589 (7.33) -19.184 (7.33) 0.709
NOx (umol/L)) 0.778 (0.96) 1.452 (0.81) 0.594
CL-LOOH (RUL x 10°%) -0.179 (0.12) 0.331 (0.10) 0.002

All results are shown as mean (SE); P <0.05. Analyses of Student's t-test. -SH: Sulfhydryl groups; PON1-AREAse: Paraoxonase 1 - Arilesterase activity; PON1 -CAMPAse: Par-
aoxonase 1 - 4-CMPA activity; NOx: Nitric Oxide metabolites; LOOH: Lipid Hydroperoxides; MDA: Malondialdehyde. RLU: Relative Light Unit.

TableS. Comparison between baseline levels and post-treatment, study groups treated with folic acid, in CKD groups on the inte-
grated index of variables reported in Table 2 and 3.

Variables CKD Groups Pre-treatment Post-treatment P
Folic Acid (mg/mL) G3a 9.438 (0.81) 31.232(5.72) 0.002
G3b 8.099 (0.68) 42.057 (4.83) 0.001
G4 9.000 (0.69) 36.620 (5.42) 0.001
Homocysteine (mmol/L) G3a 15.681 (1.05) 14.203 (1.34) 0.110
G3b 18.235 (1.39) 15.904 (0.76) 0.101
G4 18.789 (1.25) 16.395 (1.16) 0.006
- SH (umol/L) G3a 329.825 (21.47) 297.760 (11.78) 0.185
G3b 326.448 (11.01) 288.019 (11.78) 0.001
G4 322.181 (11.45) 278.47 (9.15) 0.001
PON 1 -CMPAse (U/mL) G3a 29.297 (2.26) 31.743 (2.52) 0.368
G3b 28.839 (2.57) 34.524 (2.33) 0.084
G4 26.859 (2.01) 35.815 (1.82) 0.001
PON 1 -AREAse (U/mL) G3a 201.287 (12.78) 213.132 (15.65) 0.346
G3b 168.697 (8.28) 198.085(12.03) 0.020
G4 177.205 (9.15) 191.937 (9.59) 0.017
NOx (umol/L) * G3a 14.103 (1.78) 9.739 (0.77) 0.028
G3b 8.371 (0.75) 8.140 (0.88) 0.840
G4 11.569 (0.94) 10.862 (1.195) 0.532
CL-LOOH (RUL x 10%) * G3a 1.584 (0.16) 1.233 (0.15) 0.112
G3b 1.637 (0.13) 1.305 (0.12) 0.041
G4 1.500 (0.17) 1.288 (0.07) 0.226

All results are shown as mean (SE); P <0.05. Analyses of repeated-measures paired Student's t-test. Number of patients per stage of chronic kidney disease (CKD) in groups treated
with folic acid: G3a: 16; G3b: 25; G4: 25. -SH: Sulfhydryl groups; PON1-AREAse: Paraoxonase 1 - Arilesterase activity; PON1 -CAMPAse: Paraoxonase 1 - 4-CMPA activity;
NOx: Nitric Oxide metabolites; LOOH: Lipid Hydroperoxides; MDA: Malondialdehyde. RLU: Relative Light Unit. *Processed in Ln transformation.
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Table 6. Results of multivariate GLM analysis on the data of antioxidant and oxidant biomarkers as a dependent variable and the
final exploratory variables considering folic acid treatment, GFR groups, sex, age, BMI, IPAQ (VA/A/IA/S), diabetes, hy-
pertension, use of statin, ACEi + ARBs, ASA and smoking.

Analyses Dependent Variable Exploratory Variable F d.f. P Exxtidl ity
Squared
Univariate -SH Treatment 4.14 1/114 0.044 0.036
PONI1-CMPAse Diabetes 4.28 1/114 0.040 0.037
HBP 4.72 1/114 0.031 0.041
Folic Acid Treatment 52.16 1/114 0.001 0.319
Sex 5.28 1/114 0.023 0.045
ASA 6.37 1/114 0.013 0.056
NOx Hypertension 421 1/114 0.042 0.039
CL-LOOH Treatment 10.86 1/114 0.001 0.097
IPAQ (VA/A/TA/S) 332 1/114 0.022 0.091
Homocysteine Treatment 5.18 1/114 0.024 0.045
ACEI + ARBs 6.59 1/114 0.012 0.058
Multivariate Antioxidative biomarkers

-SH Treatment 16.2 <0.001 0.389
PON1-CMPAse Diabetes 2.59 0.041 0.092
PON1-AREAse Treatment*Diabetes 2.10 0.086 0.076

Folic Acid

Oxidative biomarkers

NOx Treatment 10.25 3 0.001 0.321
CL-LOOH ACEI + ARBs 5.69 3 0.019 0.059
Homocysteine HBP 2.05 3 0.010 0.087
Treatment* ACEI + ARBs 6.64 3 0.012 0.069
Treatment*HBP 9.27 3 <0.001 0.299
Treatment* ACEI + ARBs*HBP 9.23 3 <0.001 0.235

Statistical difference p< 0.05. - SH: Sulfhydryl groups; PON1 -CMPAse: Paraoxonase 1 - 4-CMPA activity; Paraoxonase 1 - Arilesterase activity; NOx: Nitric Oxide metabolites;
LOOH: Lipid Hydroperoxides; BMI: body mass index; IPAQ (VA/A/IA/S): International Physical Activity Questionnaire (very active/active/insufficient active/ sedentary); ACEi:

Angiotensin-converting enzyme inhibitors; ARBs: Angiotensin IT Receptor Blockers; ASA: acetylsalicylic acid; HBP: high blood pressure.

much lower in the lipid phase, and the majority of it remains in the
aqueous phase; folic acid can also inhibit lipid peroxidation.

The scavenging and repair of thiyl radicals (RS’) by folic acid
make it a potential vitamin to be called an antioxidant. Thiols are
present in living systems, which in addition to participating in cellu-
lar redox processes, also take part in scavenging free radicals. In
both the reactions, RS’ are generated in the living systems. Folic
acid shows effective free radical scavenging activity by scavenging
and repairing RS’; these radicals can be considered as reactive oxi-
dants as they are able to initiate lipid peroxidation [16].

Furthermore, our study showed that folic acid treatment re-
duced -SH levels in G3a and G3b post-treatment in the active inter-
vention group, and there was a significant difference in the inter-
group analysis. Systemic free thiol groups (-SH, sulthydryl groups)
are thought to play a protective role against oxidative stress through
ROS scavenging. Since free thiols are readily oxidized by ROS,
systemic oxidative stress can be easily measured as the depletion of
serum-free thiols [24]. It is known that higher Hey concentrations
are found in patients with CKD, and Hey is a sulthydryl containing
amino acid mainly formed from the essential amino acid me-
thionine. In situations of hyperhomocysteinemia, Hcy generates

potent ROS free radicals through auto-oxidization of its highly
active sulthydryl group [33], causing excess free radicals and in-
creasing oxidative stress in subjects with renal disease [25]. Our
results suggest that folic acid treatment reduced Hey serum levels in
the intra-group and inter-group analyses, consequently reducing
SH-groups in CKD patients. In addition, we found that SBP levels
were higher in the active intervention group compared with the no
intervention group; this may be due to the fact that SBP was deter-
mined at a single point in the study.

In the current study, the inter-group analysis of basal values
between the active intervention group and control group demon-
strated statistically significant differences in glucose levels and
HOMALIR, which may be associated with diabetic therapy in the
recruited patients with CKD.

Folate is the cosubstrate in the remethylation of homocysteine
metabolism; thus, it was not surprising to observe a significant ef-
fect of the folic acid intervention in reducing plasma Hey concen-
trations (Fig. 2). Moreover, our results are in agreement with those
reported earlier [14, 17, 36]. Therefore, folic acid supplementation
has been suggested in the treatment of hyperhomocysteinemia in
patients with CKD [35]. Racek er al. [37] demonstrated that folic



Randomized Trial Study of Treatment with Folic Acid in Chronic Kidney Disease Patients

42

Current Drug Metabolism, XXXX, Vol. XX, No. XX 9

|(‘ hronic Kidney Disease |

/' 1Folalc levels

" ‘ _—

lReual metabolism of
Homocysteine

—~—

% Y
Hyperhomocysteinemia )
sl

[ ——
[ Folic acid treatment

IOxidative stress

__________ T

Homocysteine

Chromosomal DNA injury
Mitochondrial DNA mutations
Pro-oxidants biomarkers

I Plasma antioxidant capacity

f

i Reduce oxidative stress and inflammation |

Fig. (2). The action of folic acid in CKD patients.

acid supplementation in patients with hyperhomocysteinemia in-
duced partial prevention of plasmatic lipid peroxidation and in-
creased oxidative stress. Additionally, evidence suggests that intes-
tinal folic acid transport can be impaired in CKD [38].

Folate plays a critical role in the purine and pyrimidine biosyn-
thesis (precursors of nucleic acids), in the metabolism of several
amino acids (including homocysteine), and in the initiation of pro-
tein synthesis in mitochondria [38]. Folate deficiency leads to both
chromosomal DNA injury and mitochondrial DNA mutations,
which have been collectively associated with mitochondrial dys-
function, membrane depolarization, increased ROS production, and
premature cell death, as shown in Fig. (2) [39]. It is well established
that CKD is associated with up-regulation of ROS-generating ma-
chinery, and increased generation of ROS, oxidative stress, and
inflammation [38]. Therefore, a potential decrease in cellular up-
take of folate in tissues, such as the liver, heart, and brain, and a
potential decrease in folate uptake by the mitochondria may con-
tribute to the prevailing oxidative stress in CKD. It has been shown
that mitochondrial folate deprivation can induce oxidative stress by
promoting cytochrome C oxygenase dysfunction, membrane depo-
larization, and super-oxide overproduction [39].

In this context, folate serves as an antioxidant at the mitochon-
dria level and helps to ameliorate the mitochondrial oxidative decay
elicited by pro-oxidants [33, 34]. Given the important role of the
liver in the storage and metabolism of folate, a potential defect in
mitochondrial folate transport in this organ may lead to mitochon-
drial dysfunction, heightened ROS production, and oxidative stress
in CKD.

However, we measured serum folic acid levels during basal
phases and post-treatment, and were able to demonstrate large in-

creases in folic acid levels post-treatment in the active treatment
group and a significant difference when compared with the control
group.

In the multivariate analysis, 39% of the variability in antioxi-
dant biomarkers across exploratory variables in Table 1 was deter-
mined by the treatment and 9% by diabetes prevalence. The interac-
tion between treatment and diabetes explains 8% of the changes in
antioxidant biomarkers. Previous studies have shown that the level
of PONI as an antioxidant enzyme is reduced in diabetes mellitus
and patients with diabetic nephropathy [40, 41, 42]. Reductions in
the activity and level of the PON1 protein in people with diabetes
may be attributed to different mechanisms. Reductions in the main
HDL apolipoprotein reported in patients with diabetes can affect the
separation of PON1 from HDL and its subsequent instability. The
potential increase in oxidized lipids caused by an increase in oxida-
tive stress can contribute to PON1 inactivation in people with dia-
betes [43].

However, our study showed that PONI levels, a glycoprotein
associated with HDL to protect against lipoprotein oxidation, are
associated with HBP presence in patients with CKD. Hypertension
is one of the most important risk factors for cardiovascular diseases
and renal failure. The most obvious underlying cause of essential
hypertension was reported to be increased oxidative stress [44].
Due to its ability to prevent the formation of oxidized LDL, it was
thought that PON1, an HDL-associated hydrolytic antioxidant en-
zyme, could contribute to the development of hypertension. This
hypothesis was supported by the finding that the increase in oxi-
dized LDL level was correlated with hypertension as a result of the
increase in oxidative stress [45]. Low serum activity of PON1 is
linked to an increased risk of coronary heart disease, myocardial
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infarction, and carotid atherosclerosis, as reported by other authors
[46, 47].

In addition, we found folic acid levels to be associated with
treatment, sex, and ASA use. These findings are in accord with
those of Lussier-Cacan et al. [48], who reported that women pre-
sented significantly higher folate concentrations and lower Hcy
levels than men. We also noticed that the effect of ASA, a drug
commonly used in CKD patients, is associated with changes in folic
acid levels. Aspirin is an efficient *OH radical scavenger, which is
faster than several well-established antioxidants, such as ascorbate,
glutathione, and cysteine [49]. The ASA interferes with the metabo-
lism of folic acid, and a recent study found that antioxidants could
inhibit or delay folic acid decomposition to varying degrees [50].

In our study, 32% of the variability in oxidative biomarkers
across the exploratory variables reported in Table 1 was determined
by the treatment, 6% by ACEI + ARBs, and 9% by hypertension.
Therefore, the variability in the oxidative stress biomarkers is
highly dependent on the type of treatment that subjects receive.
This is an important clinical finding that supports the biological
effect of a folic acid treatment protocol on oxidative stress in pa-
tients with CKD. The interaction between the treatment and
ACEI+ARBs explains 7% of the changes in OS biomarkers, 30%
by treatment with HBP, and 23% by interaction among treatment,
ACEI+ARBs and HBP. Previous studies show a significant role of
oxidative stress in the development of renal injury in hypertension
and diabetic nephropathy [S1, 52, 53]. NOx produced in the vascu-
lature by the constitutive endothelial nitric oxide synthase (eNOS)
is an important vasodilator playing a role in the control of vascular
tone, blood pressure, and regional blood flow [54]. Reduced
bioavailability of eNOS results in endothelial dysfunction and has
been implicated in the pathogenesis of renal hypertension and the
progression of kidney disease in humans [55]. Factors that might
contribute to a reduction in NO generation include eNOS uncou-
pling, eNOS inactivation, oxidative stress, and increased levels of
endogenous eNOS inhibitors, such as asymmetric dimethyl-arginine
[56].

In addition, we found both folic acid treatment and the level of
physical activity measured by IPAQ to be associated with CL-
LOOH changes. This finding highlights that some oxidative stress
biomarkers are also reactive to physical activity levels and exercise.
In the study reported by Pechter ef al. [57], an exercise intervention
in CKD patients led to a decrease in blood pressure and oxidative
stress, indicated by a decrease in products of lipid peroxidation and
an increase in reduced glutathione. In the present study, we only
measured the effects of folic acid, however, future studies could
investigate the effects of folic acid and exercise on OS biomarkers.

It is well known that the combination of an ACEI or ARB and
pentoxifylline have protective effects in reducing proteinuria by
ameliorating the decline in the eGFR in patients with stages 3-5
CKD [58, 59]. Kaseda et al. [60] support the hypothesis that ACEIs
and ARBs have antioxidant activity in humans with preexisting
oxidative stress, including patients with CKD. Furthermore, the
long-term use of ACEIs may also possibly attenuate the adverse
effect of elevated Hey concentrations and the beneficial effect of
Hey lowering on blood pressure reduction [61].

The limitations of the study are that it is a non-blinded study, a
non-placebo study, and the number of participants in stage 3a CKD
is small. Also, CKD outpatients with diabetes have not been paired
between control and active intervention groups, and only a single
measurement of blood pressure has been carried out. These limita-
tions may have impacted or influenced the results of our research,
so they must be considered when interpreting the data.

CONCLUSION

In conclusion, the folic acid treatment protocol employed for
non-dialysis patients normalized their plasma Hcy levels and in-
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creased their antioxidant enzyme activity in phases G3b and G4 and
decreased levels of pro-oxidative biomarkers in early stage CKD
patients. This treatment offers a new approach for treating hyper-
homocysteinemia and may be an important strategy to ameliorate
patient oxidative/nitrosative stress and the damages associated with
this phenomenon.
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Abstract

Objective: The current study was carried out to examine whether in pre-dialysis chronic
kidney disease (CKD) patients (stages G3a, G3b and G4) treatment with folic acid 5 mg/daily
may affect paraoxonase (PON1) enzyme activity, estimated glomerular filtration rate (eGFR),
homocysteine (Hcy) levels and hematological parameters. Methods: We determined
hematological parameters, estimated GFR (eGFR), PON1 activity and Hcy levels, both
before and after treatment with folic acid (5 mg/d) versus no treatment during three
consecutive months in 113 outpatients with CKD classified into stages 4, 3b and 3a.
Results: The folic acid treatment significantly reduced post-treatment mean corpuscular
hemoglobin concentration (MCHC) in stages 3a and 4, serum iron (G3a but not in G3b and
G4), ferritin (G4) and transferrin saturation (TS) in stage 3a. PON1 CMPAase and AREase
activities were significantly lower in stage 4 CKD as compared to stages 3a and 3b.
Treatment with folic acid significantly increased CMPAase and AREase in stages 3b and 4,
but not 3a and significantly reduced plasma Hcy levels and the Hcy/PONL1 activity. The effects
of folic acid increasing PONL1 activities were not mediated by changes in Hcy. Conclusion:
Treatment with folic acid reduced serum iron, MCHC, ferritin and TS in early and moderate
stages of CKD, may enhance antioxidant defenses, improve oxidative stress by rebalancing
the prooxidant (Hcy) / antioxidant (PON1) in phases G3b and G4. In addition, Hcy levels and
PON1 activity may be potentials biomarkers to follow the progression of CKD.

Keywords: chronic kidney disease, folic acid, hematological parameters, oxidative stress,
antioxidants, biomarkers.
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Introduction

Chronic kidney disease (CKD) is a serious public health issue [1]. CKD is the 12th
most common cause of death, accounting for 1.1 million deaths worldwide [2]. CKD is defined
as renal dysfunction with an estimated glomerular filtration rate [eGFR] <60 mL/min/1.73 m2
and which should be present for at least 3 months [3]. Staging of CKD is based on eGFR
values whereby G1 stage refers to normal (eGFR = 90 mL/min/1.73 m2), G2 to mildly
decreased (eGFR = 60-89 mL/min/1.73 m2), G3a (eGFR 59-44 mL/min/1.73 m2), G3b
(eGFR 44-33 mL/min/1.73 m2), G4 to severely decreased kidney function (eGFR 29-15
mL/min/1.73 m2), and G5 to kidney failure including end-stage renal disease (ESRD) (eGFR
<15 mL/min/1.73 m2) [3].

Age, hypertension, smoking, dyslipidemia and diabetes mellitus are some of the
known risk factors of CKD [4, 5]. Anemia affects millions of patients with CKD and there are
several mechanisms involved. The first refers to the reduced iron reservoir needed for heme
synthesis. This deficiency results from excessive production of hepcidina regulatory protein
produced by the liver under the influence of cytokine stimulation, which inhibits the absorption
of iron from the gastrointestinal tract and at the same time reduce its release into the blood
[6]. Inflammatory cytokines, IL-1, IL-6 and IFN-y or TNF-a are the main factors contributing
to the increase in hepcidin gene expression. The second mechanism involved in the
pathogenesis of anemia of CKD is the impaired production of erythropoietin [7].

Absorption of iron in the gastrointestinal tract is a complicated process involving many
proteins (ferroportin, ferritin, hepcidin, hephaestin, transferrin, lactoferrin). At the cellular
level, deficiency of this element increases the synthesis of the transferrin receptor and
increases the absorption of iron in the gastrointestinal tract [6]. While at the systemic level,
its deficiency significantly reduces the synthesis of ferritin (unless the deficiency is
accompanied by inflammation that is present at the same time, because ferritin is an acute-
phase protein). The so-called active iron, i.e., rapidly exchanging, is associated with ferritin

and is found primarily in hepatocytes and liver macrophages, spleen, bone marrow and
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muscles. The role of ferritin is primarily intracellular iron storage, which prevents the formation
and production of reactive oxygen (ROS) generated by the Fenton reaction [8].

Many CKD-provoking factors are associated with mitochondrial dysfunctions and
increased nitro-oxidative stress [5]. Oxidative stress (OS) occurs in the early stages of CKD
and increases with the progression of renal impairment [9]. Uremic toxins, including urea,
creatinine, homocysteine [Hcy], oxalate, phosphorus, and guanidines, may promote lipid
peroxidation and protein oxidation and generate an imbalance in the ratio of oxidized to
reduced glutathione and reduced superoxide dismutase / peroxidase activity [10-13]. Hcy is
metabolized by Hcy-thiolactonase (HTLase), which hydrolyzes Hcy-thiolactone to Hcy [14].
Hcy is minimally eliminated by the kidney since only non-protein bound Hcy is subjected to
glomerular filtration [15]. Moreover, in the kidney, Hcy is transsulfurated and a deficiency of
this renal transsulfuration mechanism may contribute to elevated plasma Hcy [16]. Increased
Hcy levels are frequently observed in CKD patients and are, additionally, associated with
elevated OS [17]. Moreover, plasma Hcy is modulated by genetic alterations in methionine
metabolism enzymes, and deficiencies in vitamin B12 and B6 and folic acid [16]. Folic acid
and vitamin B12 are essential cofactors in the methylation of Hcy into methionine [18-19].
The metabolism of 5-methyltetrahydrofolate (5-MTHF), the circulating form of folic acid, is
impaired in uremic patients [20] including a slower uptake rate of folates into tissues [21].
Folic acid supplementation at doses of 2.5 to 15 mg may be efficient in reducing Hcy serum
levels in CKD pre-dialysis or hemodialysis patients [18, 22-25]. Moreover, there is evidence
that folic acid exerts antioxidant effects, such as free radical scavenging, protection against
oxidative modification of low-density lipoproteins (LDL), and improvement of cellular
antioxidant defences [26, 27]

In CKD, increased production of reactive oxygen and nitrogen species (ROS/RNS)
frequently occurs as a consequence of reduced clearance of pro-oxidant substances due to
renal dysfunction [28]. Moreover, impaired antioxidant defences may increase vulnerability

to oxidative damage [28]. One of those antioxidant enzymes is paraoxonase (PON)1, a high-
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density lipoprotein (HDL) associated enzyme displaying arylesterase (AREase) and
lactonase activity [29]. PONL1 protects lipids, HDL and LDL cholesterol from oxidation thereby
protecting against the consequences of lipid peroxidation including cardiovascular disorder
[30, 31]. Moreover, PON1 shows HTLase activity thereby hydrolyzing Hcy-thiolactone back
to Hcy, which in turn may be converted to methionine [32], thereby protecting against Hcy-
associated ROS and OS [14]. Hence, the current study was carried out to examine whether,
in pre-dialysis patients (stages G3a, G3b and G4), folic acid 5 mg/daily may affect PON1
enzyme activity, eGFR and Hcy levels. The specific hypotheses are that in CKD patients
treated with folic acid may enhance PON1 activity and that the latter may improve eGFR and

reduce Hcy levels.

Methods
Participants

In this study, all 113 outpatients with CKD were Brazilian nationals, aged 18-65 years,
both women and men. The clinical diagnosis of CKD was made by senior nephrologists
based on eGFR values <60 mL/min/1.73m? and the presence of markers of kidney damage
including albuminuria, aberrations in urine sediment and electrolyte abnormalities. The
Modification of Diet in Renal Disease (MDRD) Study equation [34] and Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) equation [35] were used to estimate GFR
based on serum creatinine levels. CKD patients were classified into three groups according
to eGFR classification G3a, G3b and G4 [3].

Socio-demographic and clinical data were collected from all participants including the
presence of diabetes, hypertension and the use of acetylsalicylic acid (ASA), statins,
angiotensin-converting enzyme (ACE) inhibitors and angiotensin Il receptor blockers (ARBS).
Systolic and diastolic blood pressure (SBP and DBP) were measured using an aneroid
sphygmomanometer. The diagnosis of tobacco use disorder (TUD) was made using DSM-

IV-TR criteria. We also determined body mass index (BMI) as body weight (kg)/height in
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meters squared.

Exclusion criteria for all subjects were a) age less than 18 years; b) neuroinflammatory
disorders including Parkinson’s disease, stroke, and multiple sclerosis; c) medical illness
including malignancies; and d) use of immunomodulatory drugs, and antioxidant and w3-
polyunsaturated fatty acid supplements. We also excluded patients who did not fit within
stages 3a-4.

This is a randomized, non-blinded, clinical trial, which examines the effects of
intervention with folic acid in PON1 activities, Hcy and eGFR. Patients were allocated (simple
randomization at a ratio 6/4) into an active intervention group (treatment with folic acid) or a
control group (no active intervention). Treatment with folic acid was fixed at a dose of 5 mg
in a tablet daily for 3 consecutive months. The choice of this dosage is based on previous
studies [24, 36]. All patients were treated with care as usual (CAU), that is use of
antidiabetics, statins, ACE inhibitors, ARBs, antihypertensive drugs and ASA in the
intervention and control group. These treatments and their dosages were stable for at least
8 weeks prior to the initiation of the trial and during the study as well. No other treatments
were started during the study period. All patients had blood tests at baseline and 3 months
later. After informed consent was given, the participants underwent clinical interviews and on
the same day blood samples were collected while the intervention started the next day in the
morning. A post-discontinuation interview and blood collection were conducted 12-weeks
post-treatment. All patients from the extended intervention group had follow-up calls once a
week. Treatment compliance was ascertained via pill counts and self-reporting.

Assays

Fasting blood was sampled from all individuals between 8.00 and 9.00 a.m. Blood
was immediately centrifuged, and the serum was aliquoted and stored at -80°C until thawed
for assays. Analyses of hematological parameters (Red blood cells [RBC] and reticulocytes
analyses) were performed by Mindray BC-6800 autoanalyser (Mindray Bio-Medical

Electronics Co., Ltd, Shenzhen, China). Folate levels measured by Microparticle
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Immunoassay by Chemiluminescence (Alinity Abott).

PON1 activities were determined by the rate of hydrolysis of 4-
(chloromethyl)phenylacetate (CMPA, Sigma, USA) — CMPAase - as well as by the rate
hydrolysis of phenylacetate under low salt condition (AREase). Analysis were conducted in
a microplate reader (EnSpire, Perkin Elmer, USA) [37]. Analyses of serum creatinine were
performed on the Dimension®, RxL Siemens (Deerfield, IL, USA). Hcy was measured by
automated methodologies on the Architect i2000SR apparatus (Abbott, IL, USA).

This study was registered in the Brazilian Record of Clinical Trials (ReBEC), under n

RBR-2bfthr.

Statistical analysis

Analysis of contingency tables (x? test) was employed to assess the associations
between categorical variables while analysis of variance (ANOVA) was employed to assess
differences in continuous variables between treatment groups. Generalized estimating
equation (GEE) analysis, repeated measures, was employed to assess the effects of folic
acid on the eGFR and biomarkers. The pre-specified GEE analyses included categorical
effects of folic acid treatment (yes/no), time and the time-by-treatment interaction. GEE
analysis, repeated measures, was also used to examine the changes over time (from
baseline to endpoint) in eGFR and biomarker data. All tests were two-tailed and a p-value of
0.05 was used for statistical significance. The statistical analyses were performed using IBM
SPSS windows version 25. Two z unit-weighted composite scores were computed, a first
reflecting an integrative index of PONL1 activity computed as z score of CMPAase activity + z
score of AREase activity, and the second reflecting a PROOX/ANTIOX computed as z score

of Hey — z score of (zZCMPAase + zAREase).

Results

Consort flow diagram
Figure 1 shows the CONSORT flow diagram and the progress of the participants
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through the randomized trial. Of the 209 CKD patients included in the study, 73 were
excluded due to different exclusion criteria as shown in Figure 1. As a consequence, one
hundred thirty-six participants were randomized in the study namely 82 (60.30%) patients
were allocated to the intervention arm treated with folic acid and CAU, and 54 (39.70%)
patients were allocated to the CAU only or control group. After randomization, 23 patients
were excluded, i.e. 16 in the intervention and 7 in the control arm (see Figure 1). Finally, 113
patients completed the 12-weeks follow-up assessment and we analyzed the data of 66
patients treated with folic acid + CAU and 47 with CAU alone using a classical intention-to-
treat-analysis. There were no missing data in both treatment arms either at baseline or after

treatment.

Baseline characteristics of patients in both groups with and without intervention
Data on baseline characteristics of CKD patients treated with and without folic acid

are described in Matsumoto et al. [38].

Effects of treatment with folic acid

Table 1 shows the results of GEE analysis, repeated measures, namely the effects
of treatment with folic acid on the eGFR and biomarkers. We examined the effects of time
(baseline versus 3 months later), treatment (study groups with or without folic acid), and the
time X treatment group interaction. The first GEE analysis in Table 2 shows no significant
effect of treatment, time, and the interaction pattern between time X treatment on the GFR
values estimated by MDRD Study and CKD-EPI equation. The time X treatment interactions
were significant for folic acid, PON1 CMPAase and AREase activities, Hcy, and the
PROOX/ANTIOX. Post-treatment levels of folic acid, CMPAase and AREase were
significantly increased in patients treated with folic acid as compared with their baseline levels
and the pre- and post-treatment levels measured in patients who were not treated with folic

acid. The post-treatment levels of Hcy and the PROOX/ANTIOX were significantly lower in
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patients treated with folic acid as compared with their baseline levels and baseline and
endpoint levels measured in patients who were not treated with folic acid. There were no

significant effects of treatment, time or their interaction on vitamin B12 concentrations.

Associations between changes in folic acid, PON1 activities and Hcy

Employing GEE analysis, repeated measures, we examined the associations
between the changes over time in PONL1 activities, Hcy (introduced as dependent variables)
and folic acid concentrations (introduced as explanatory variable). We found that the changes
in folic acid from baseline to 3 months later were significantly and positively correlated with
the changes in PON1 CMPAase and AREase activities and inversely with the changes in
Hcy. We also found that the Hcy did not have any significant effects on PON1 enzyme

activities after considering the effects of folic acid (Table 2).

Effects of treatment with folic acid on hematological parameters and iron metabolism

Table 3 shows the results of GEE analysis, repeated measures, treatment with folic
acid levels of mean corpuscular hemoglobin concentration (MCHC), serum iron, ferritin and
transferrin saturation (TS) was significantly reduced in patients treated with folic acid as
compared with their baseline levels and the pre-and post-treatment levels measured in
patients without active treatment were not significant. We also found that the folic acid
treatment did not have any significant effects on other hematological parameters was after

considering the effects of folic acid.

Effects of GFR groups

Table 4 shows the differences in PON1 enzyme activities and Hcy between the three
groups divided according to eGFR values into groups G3a, G3b and G4. PON1 CMPAase
and AREase activities were significantly higher in group G3a than in groups G3b and G4.

Hcy levels were significantly different between the three study samples with the lowest levels
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in group G3a and the highest levels in group G4. There were highly significant differences in
the PROOX/ANTIOX among the three groups with the lowest levels in group G3a and highest
levels in group G4 with a difference between those groups of around 1.475 standard
deviations. The values of hemoglobin, MCHC and total iron-binding capacity (TIBC), were
significant increased in group G3a in comparison to groups G3b and G4. Serum iron levels
were higher in G3a than G4 and Mean Corpuscular Hemoglobin (MCH) in G3a in comparison
to G3b. There was significantly reduction in Red Cell Distribution Width (RDW) in group G3a
in comparison to group G3b and G4, and Immature Reticulocyte Fraction (IRF) was
significantly less in G3a and G3b than in G4.

Table 5 shows this interaction pattern, namely that in patients treated with folic acid,
the post-treatment PONL1 activities are significantly higher than the baseline values in groups
G3b and G4, but not in group G3a, while no significant effects were established in patients
without active treatment indicating that treatment with folic acid increases PONL1 activities
only in patients belonging to groups G3b and G4, but not group G3a. In the hematologycal
parameters analysis, the folic acid treatment significantly reduced post-treatment mean
MCHC in stages 3a and 4, serum iron in G3a but not in G3b and G4, ferritin in stage G4 and

TS in G3a.

Discussion

CKD patients usually have a prevalence of anemia depending to the definition, but
generally increased in frequency and severity in the more advanced stages of CKD [39].
Therefore, alternatives that help in the prevention of anemia become important for these
patients. Interestingly, in our study the CKD patients without anemia, the treatment with folic
acid showed levels of MCHC (in stages 3a and 4), serum iron and TS in stage G3a and ferritin
in stage G4 were significantly decreased as compared with their baseline levels. In addition,
these alterations did not result in significant changes in the clinical conditions of these

patients, because post-intervention hematological parameters continued not indicated
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anemia.

Suliburska; Skrypnik; Chmurzynska [40] showed that folic acid affects iron status in
female rats deficient in these micronutrients in moderate and long-term supplementation.
This study indicated that folic acid may decrease the bioavailability and distribution of iron in
the organism, and found that during supplementation no interaction between iron and folic
acid occurs on the level of duodenal transporters. It is certain that the mechanism that relates
folate to iron status requires further investigation.

Our data showed that the hemoglobin, HCM, MCHC, serum iron and TIBC levels are
significantly reduced from G3a to G3b to G4, but the RDW and IRF increased according to
disease progression. In CKD anemia may occur the early stages (CKD stages 2 and 3). The
hemoglobin levels decreases when the eGFR is around 70 ml/min/1.73 m2 (men) and 50
ml/min/1.73 m2 (women) [41]. However, anemia is more common in CKD stage 4 (even
earlier in diabetic patients) and worsens as CKD progresses. In advanced stages of CKD and
in the dialysis population anemia is present in as high as 90% of patients. Because of the
frequency of iron deficiency in this population, iron indexes should be assessed in all patients
with CKD and anemia [39]. In the general population, the serum ferritin concentration < 30
ng/mL is strongly suggestive of iron deficiency. However, this iron test tends to be inaccurate
for the diagnosis of iron deficiency in patients with CKD [41].

Some studies confirm that extensive iron (oral or intravenous), erythropoietin
preparations, vitamin C, folic acid and vitamin B12 supplementation should be considered in
advanced CKD and in malignancy during chemotherapy [42, 43, 44]. In clinical observation,
the implementation of such treatment significantly delays or prevents the occurrence of
anemia in chronic diseases [45].

This study showed in analyses of baseline data of PON1 CMPAase and AREase
activities were significantly higher in patients in stage G3a as compared with stages G3b and
G4. Our results extend those of Karatas et al. [46] who reported that PON1 levels decreased

with the increasing severity of CKD stages. Lowered levels of PON activity are frequently
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associated with CKD. For example, AREase activities were significantly lowered in CKD
patients as compared with non-CKD patients while lowered activity levels also predicted a
poorer outcome [17]. Another study reported lowered levels of both CMPAase and AREase
in CKD and End-Stage Renal Disease (ESRD) patients as compared with controls [47].

Furthermore, in CKD, PON1 AREase activity is significantly and negatively associated
with creatinine concentrations [47]. Such findings indicate that PON1 enzyme activities are
significantly reduced in association with increasing CKD severity with lower levels being
established in ESRD. Therefore, the increasing severity of CKD appears to be accompanied
by lowered total PON1 CMPAase and AREase activities and, consequently, lower lipid-
associated antioxidant defences and an increased vulnerability to developing damage due to
OS [48].

Some studies show that OS is present even at the early stages of CKD and increases
in parallel with the progression of CKD to achieve very high levels in ESRD [49, 50]. The
latter authors review that the kidney is vulnerable to oxidative damage because it is a highly
metabolic organ that is rich in mitochondrial oxidative reactions. All in all, our results indicate
that lowered PON1 CMPAase and AREase activities may be a key component in the
pathophysiology of CKD by aggravating the damage due to OS.

Our study showed that that treatment with folic acid significantly increased CMPAase
and AREase especially in patients allocated to CKD classes G3b and G4, but not G3a, as
we showed in our previous work [38]. Only a few studies examined the effects of folic acid
on PON1 enzymatic activities and the few reported negative findings [51, 52, 53].

The possible antioxidant activity of folic acid is described to its free radical scavenging
properties [26]. All the radicals (thiyl radicals [RS’], peroxyl radical [CCIz027], azide radical
[Nz, sulfate radical anions [SO4™], bromine radical [Br."] and hydroxyl [[OH] radicals) react
with folic acid under ambient conditions at an almost diffusion-controlled rate. In addition, folic
acid can not only scavenge RS but can also repair those thiols at physiological pH. Folic acid

can be converted into a coenzyme N5, N10-dimethylene-5,6,7,8-tetrahydrofolate in vivo
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through a series of enzymatic transformations. It has purine and pyrazine-type rings and two
amino acids on the pyrazine ring. Its lactim form has a hydroxyl group on the purine-type ring.
When folic acid reacts with oxidizing free radicals, this hydroxyl group can play an important
role in inhibiting the oxidation effect [54].

This study found that the Hcy levels are significantly increased from G3a to G3b to
G4. In addition, patients in stage G4 showed lower PON1 activity and higher Hcy
concentrations. The Hcy levels may be potential biomarkers to follow the progression of the
CKD. Our data extend the study of of Kerkeni et al. [55] and Choi et al. [56]. Some other
studies reported that CKD is accompanied by hyperhomocysteinemia and that there are
significant inverse associations between PONL1 activity [57, 58]. Moreover, patients with CKD
show increased Hcy levels as compared with the general population [15]. Van Guldener and
Stehouwer [59] demonstrated that hyperhomocysteinemia in these patients may be induced
by a dysregulated Hcy metabolism in the kidneys rather than by reduced eGFR. As such, it
is difficult to conclude whether Hcy or eGFR is the explanatory variable. To complicate
matters, Hcy may play a mechanistic role in suppressing PON1 activity [17] although in our
study there were no significant effects of Hcy on PON1 enzymatic activities.

Moreover, it was found that folic acid treatment reduced plasma Hcy levels and the
Hcy/PONL1 activity and that the effects of folic acid increasing PONL1 activities were not
mediated by changes in Hcy. Our findings extend those of previous papers reporting that
treatment with folic acid (2.5 - 15 mg/d) may reduce Hcy concentrations in CKD [18, 22-25].
Some reviews [19, 60, 61] discuss that the beneficial effects of folic acid therapy may be due
to its direct effects or to a reduction of hyperhomocysteinemia in patients with CKD.

Our data significantly reduced plasma Hcy levels and serum iron may be correlated.
Baggott and Tamura [62] study review proposed that an elevated amount of non-protein-
bound iron (free iron) increases circulating Hcy. This hypothesis embased that methionine,
S-adenosylhomocysteine and cystathionine are constantly exposed to free iron at acidic pHs

during the iron exchange, leading to Hcy formation. Thus, it is possible that the serum iron
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reduced by folic acid treatment in our study is correlationated to reduced Hcy levels.

Hcy may cause OS through different mechanisms including auto-oxidation,
suppression of glutathione peroxidase and activation of superoxide dismutase [63], as we
showed in our previous work [38]. Hcy showed a possible antioxidant activity [64, 65]. The
metabolism of Hcy comprises two different pathways, namely remethylation and
transsulfuration, requiring folate and vitamin B12 as cofactors [66, 67]. As such, folate is
involved in Hcy remethylation to methionine [57]. Therefore, our results that folic acid
treatment may reduce Hcy concentrations, suggest that the antioxidant properties of folate
contribute directly to an improved prooxidant/antioxidant in CKD patients.

The other important finding was that short-term treatment with folic acid 5 mg daily for
three consecutive months showed no significant changes in GFR value estimated either by
MDRD Study and CKD-EPI equation. We adopted the eGFR from serum creatinine
measurements using the 4-variable MDRD Study equation according to the National Kidney
Foundation [3]. We adopted the CKD-EPI equation considering that it presents a smaller bias
and potentially decreases false-positive diagnoses of stage 3 CKD [34]. In our study the
follow-up period may have been too short to demonstrate any effect on the eGFR.

In additional, the results of another folate interventional in CKD patients are conflicting
and some studies even reported a decrease in eGFR after treatment with different doses (0.8
mg/d and 2.5 mg/d) of folic acid in a single tablet containing high doses of combined B
vitamins (folic acid, vitamin B6, and vitamin B12) in patients with advanced CKD [25].
Nanayakkara et al. [36] study with no-dialysis patients supplemented with folic acid 5 mg/d
(24 months) induced a moderate increase in eGFR levels although the overall effect was not
significant. Nevertheless, the contradictory results may be a consequence of differences in
dose namely 5 mg daily in the studies that reported an improvement in eGFR versus <5 mg
daily in the negative studies. Even more important is a possible difference in CKD subgroups
among studies.

This study has some limitations that must be considered when interpreting the data.
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The limitations are: (1) non-blinded study; (2) non-placebo study; (3) non-healthy control
group; (4) the smaller number of participants in stage 3a CKD patients.

In conclusion, treatment with folic acid did not significantly change the eGFR levels,
but increased CMPAase and AREase activities and additionally decreases Hcy levels. The
Hcy levels were significantly increased from G3a to G3b to G4 and PON1 activity decreased
according to disease progression. Then, maybe they are may be potentials biomarkers to
follow the progression of CKD.

Folic acid treatment of CKD patients in early/intermediate stages of CKD patients
improves the prooxidant (Hcy) / antioxidant (PON1 activities). Treatment with folic acid in
phases G3b and G4 may enhance antioxidant defences in CKD patients and may be a
strategy to help to decrease oxidative/nitrosative stress in these patients and the damages
associated with this phenomenon. Curiously, the folic acid treatment reduced serum iron,
MCHC, ferritin and TS in the early and moderate stages of CKD. Although these alterations
did not result in significant changes in the clinical conditions of these patients, because post-
intervention hematological parameters continued not to indicate anemia. Additional studies

in this field are needed.

Practical application

Treatment with folic acid in no dialyses CKD patients offers a new approach for
treating hyperhomocysteinemia and improving the antioxidant capacity of these patients,
thereby attenuated the complications resulting from the iliness.
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Table 1: Effect of folic acid treatment on estimated glomerular filtration rate (eGFR), paraoxonase (PON)1 CMPAase and AREase activities,

homocysteine and vitamin B12: results of generalized estimating equation (GEE) analysis, repeated measures.

Variables Active Basal Post treatment Treatment Time Treatment x time

Treatment F p F P F p
eGFR (mL/min/1.73m?)¢  No 36.7 (1.8) 37.2(2.2)

Yes 34.9 (1.3) 34.6 (1.6) 0.83 0.362 0.94 0.926 0.26 0.926
eGFR (mL/min/1.73m?)€ No 37.27 (2.0) 37.52 (2.2)

Yes 35.13 (1.4) 34.75 (1.76) 0.90 0.341 0.37 0.715 0.15 0.698
Folic Acid (mg/mL) No 7.79 (0.49) 9.04 (0.81)

Yes 8.55 (0.56) 37.77 (3.07)* 100.1 <0.001 126.6 <0.001 88.83 <0.001
PON1 CMPAase (U/mL) No 32.7 (1.4) 34.4 (1.6)

Yes 34.4 (1.6) 39.1 (1.5)* 1.38 0.240 9.14 0.003 3.84 0.05
PON1 AREase (U/mL) No 193.0 (6.4) 189.9 (7.9)

Yes 189.5 (6.1) 221.9 (5.6)** 3.79 0.052 9.16 0.002 13.46 <0.001
CMPAase + AREase No 0.25 (0.18) 0.32(0.21)
(z scores) Yes 0.08 (0.17) 1.38 (0.17)*** 4.96 0.026 17.70 <0.001 14.26 <0.001
Homocysteine (mmol/L) No 18.79 (1.78) 16.87 (0.74)

Yes 18.87 (0.68) 14.49 (0.46)** 0.64 0.423 18.02 <0.001 8.23 0.004
PROOX / ANTIOX No 0.069 (0.213) -0.117 (0.181)

Yes 0.251 (0.163) -1.349 (0.166)*** 3.32 0.069 34.20 <0.001 20.83 <0.001
Vitamin B12 (mg/mL) No 408.6 (30.2) 421.3 (50.0)

Yes 372.6 (29.8) 504.9 (82.9) 0.09 0.765 0.34 0.558 2.60 0.107

Results are shown as estimated marginal means (SE) obtained by GEE analyses after covarying for PON1 genotype and GFR groups. CMPAase + AREase:
index of overall PON1 enzyme activity computed as z value of CMPAase (zCMPAase) + z AREase. PROOX/ANTIOX: computed as z homocysteine -
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z(zCMPAase + zAREase). *p<0.05, *p<0.01, **p<0.001: significantly different from the other three conditions. Folic acid reference range: 2-20 mg/dL.
Homocysteine levels elevated if > 12 mmol/L. ¢ GFR estimated by MDRD equation. € GFR estimated by CKD-EPI equation.

Table 2: Associations between changes in folic acid, homocysteine and PON1 CMPAase and AREase enzyme
activities from baseline to post-treatment: results of GEE analyses, repeated measures.

Dependent variable Explanatory variable B SE Wald df P
PON1 AREase* Folic Acid 0.268 0.0571 22.02 1 <0.001
PON1 CMPAase* Folic Acid 0.172 0.0642 7.15 1 0.008
CMPAase + AREase* Folic Acid 0.304 0.0577 27.74 1 <0.001
CMPAase + AREase* Homocysteine -0.115 0.0649 3.16 1 0.075
Homocysteine Folic Acid -0.419 0.0857 23.98 1 <0.001

All variables are entered as z scores. * adjusted for PON1 genotypes and GFR groups. CMPAase + AREase: index of
overall PON1 enzyme activity computed as z value of CMPAase (zCMPAase) + z AREase.



Table 3: Effect of folic acid treatment on hematological parameters in CKD patients.

Variables Active Basal Post treatment F df P
Treatment
- No 455 (0.07) 4.59 (0.06) 0.440 0.510
RBC (millions/ul) Yes 4.47 (0.07) 4.46 (0.06) 0.097 1 0.756
. No 13.52 (0.19) 13.68 (0.18) 1.204 0.278
Hemoglobin (g/dL) Yes 13.39 (0.21) 13.30 (0.19) 0.645 1 0.425
No 89.69 (0.90) 90.26 (0.89) 0.751 0.391
MCV (L) Yes 89.55 (0.64) 89.94 (0.63) 1.072 1 0.155
No 30.01 (0.32) 30.17 (0.32) 0.672 0.417
MCH (pg) Yes 30.27 (0.250 30.10 (0.25) 3.825 1 0.055
No 33.46 (0.13) 33.41 (0.13) 0.001 0.977
MCHC (gfdL) Yes 33.79 (0.09) 33.45 (0.11) 13.744 1 0.001
No 14.10 (0.17) 13.98 (0.17) 0.526 0.472
0\ *

RDW (%) Yes 13.60 (0.11) 13.64 (0.11) 0.310 1 0.579
. No 40.33 (0.56) 40.83 (0.53) 1.399 0.243
Hematocrit (g/V) Yes 39.66 (0.58) 39.82 (0.056) 0.203 1 0.654
Seric iron (ug/dL) No 74.65 (3.93) 74.14 (3.76) 0.011 ) 0.917
Yes 76.80 (3.45) 70.09 (3.20) 4.169 0.045
Ferritin (ng/mL)* No 135.46 (18.86 — 688.18)  135.65 (31.63— 375.50) _ 0.354 ) 0.555
Yes 119.53 (13.74— 369.62)  81.89 (11.39—437.74)  2.124 0.034
TS (%) No 25.99 (1.46) 23.99 (1.06) 0.191 ) 0.664
Yes 26.09 (1.18) 23.84 (1.08) 5.049 0.028
TIBC (mcg/dL) No 292.90 (6.78) 305.70 (7.53) 1578 ) 0.215
Yes 299.12 (6.48) 299.74 (6.01) 0.027 0.870
Reticulocytes (%) No 1.21 (0.06) 1.22 (0.06) 0.005 1 0.946
Yes 1.32 (0.04) 1.31 (0.04) 0.037 0.849
IRF (%) No 9.54 (0.75) 9.35 (0.69) 0.142 1 0.708
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Yes 9.04 (0.55) 8.86 (0.60) 0.656 0.421

Results are shown as estimated marginal means (SE) obtained by GEE analyses; median (maximum value - minimum value) by
Friedman analyses. RBC: Red blood cell, MCV: Mean Corpuscular Volume, MCH: Mean Corpuscular Hemoglobin, MCHC: Mean
Corpuscular Hemoglobin Concentration, RDW: Red Cell Distribution Width, TS: Transferrin saturation, TIBC: Total iron-binding
capacity, IRF: Immature Reticulocyte Fraction. *Ln transformation. #Non-paramtric data. References values: RBC= 3.9-5.0
millions/uL (women) / 4.3-5.7 millions/uL (men); Hemoglobin= 12.0-15.5 g/dL (women) / 13.5-17.5 g/dL (men); MCV= 80-100 fL;
MCH= 26-34 pg; MCHC= 31-36 g/dL; RDW= 10-16%; Hematocrit= 35-45 % (women) / 38-50 % (men); Seric iron= 50-170 pg/dL
(women) / 65-175 pg/dL(men); Ferritin= 5-204 ng/mL (women) / 22-275 ng/mL (men); Transferrin= 20-50 %; TIBC= 250-450
mcg/dL; Reticulocytes= 0.5-1.5 %; IRF=1.4-13%.
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Table 4. Differences in basaline PON1 activity, homocysteine levels and hematological parameters between study groups based on

estimated glomerular filtration rate (eGFR) cut-off values.

GFR groups
Variables F df P
G3a*” G3b B G4c

PON1 CMPAase (U/mL) 36.5 (1.5) B€ 35.8 (1.3) A 31.3(0.9) A 15.7 2 0.001
PON1 AREase (U/mL) 207.9 (7.0) BC 205.0 (7.1)A 183.4 (5.7) A 10.25 2 0.006
CMPAase + AREase (z scores) 0.559 (0.115) BC 0.468 (0.119) A -0.058 (0.091) A 22.32 2 <0.001
Homocysteine (mmol/L) 15.54 (0.65) B¢ 16.86 (0.58) A€ 20.58 (1.13) A8 35.36 2 <0.001
PROOX/ANTIOX -0.998 (0.184) BC -0.452 (0.169) A€ 0.577 (0.164) AB 46.90 2 <0.001
RBC (millions/uL) 4.54 (0.07) 4.46 (0.10) 4.32 (0.10) 1.151 2 0.320
Hemoglobin (g/dL) 14.03 (0.22) BC 13.03 (0.29)* 12.87 (0.28) A 4.778 2 0.010
VCM (fL) 90.89 (0.76) 88.01 (0.97) 89.45 (1.05) 2.177 2 0.118
HCM (pg) 30.91 (0.26) B 29.37 (0.39) A 29.96 (0.40) 4.254 2 0.017
CHCM (g/dL) 34.01 (0.17)BC 33.34 (0.14) A 33.47 (0.81) A 5.932 2 0.004
RDW (%)* 13.44 (0.17) 8¢ 14.09 (1.36)# 14.09 (0.16)4 3.632 2 0.030
Iron (pg/dL) 86.84 (4.60) © 70.75 (4.34) 68.65 (4.27) 3.90 2 0.037
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Ferritin (ng/mL) * 147.15 (48.98 — 533.83) 105.05 (13.74-503.43) 81.76(21.18-497.53) 2.321 2 0.122
TS (%) 27.92 (1.53) 25.32 (1.61) 23.86 (1.50) 1.115 2 0.446
TIBC (mcg/dL) 315.18 (9.32) BC 287.53 (7.06) A 285.94 (7.51)~ 4.048 2 0.020
Reticulocytes (%) 1.24 (0.07) 1.31 (0.07) 1.48 (0.12) 1.555 2 0.216
IRF (%) 8.83(0.85)¢ 8.92 (0.65)¢ 11.35(0.87)AB 3.282 2 0.041

All results of GEE analyses with the estimated marginal means (SE) after adjustment for treatment, time, PON1 genotype, age, sex and body mass
index. CMPAase + AREase: index of overall PON1 enzyme activity computed as z value of CMPAase (zCMPAase) + z AREase. PROOX/ANTIOX:

computed as z homocysteine - z(zCMPAase + zAREase). RBC: Red blood cell, MCV: Mean Corpuscular Volume, MCH: Mean Corpuscular

Hemoglobin, MCHC: Mean Corpuscular Hemoglobin Concentration, RDW: Red Cell Distribution Width, TS: Transferrin saturation, TIBC: Total iron-

binding capacity, IRF: Immature reticulocyte fraction. Stages of CKD, G3a: 33; G3b: 41; G4: 39. *Ln transformation. “Non-paramtric data by Kruskal-

Walllis test.



Table 5. Three-way interaction with effects of treatment, time and GFR groups on the integrated index of

CMPAase + AREase activities, homocysteine levels and hematological parameters.

Variables GFR groups Pre-treatment Post-treatment P
G3a 0.44 (0.23) 0.54 (0.21) 0.942
E:Z'\QSSZZ;” t AREase -0.02 (0.19) 0.94 (0.19)* 0.001
G4 -0.30 (0.17) 0.80 (0.12)* 0.001
Homocysteine G3a 15.68 (1.05) 14.20 (1.34) 0.110
G3b 18.39 (1.44) 15.91 (0.79) 0.101
(mmol/L)
G4 18.78 (1.25) 16.39 (1.16) 0.006
G3a 34.15 (0.17) 33.63 (0.25) 0.006
MCHC (g/dL) G3b 33.50 (0.17) 33.28 (0.20) 0.125
G4 33.68 (0.14) 33.36 (0.18) 0.034
G3a 91.43 (7.26) 77.75 (8.70) 0.046
Iron (ug/dL) G3b 74.84 (5.69) 69.52 (4.09) 0.327
G4 69.19 (4.62) 67.15 (5.28) 0.754
Ferritin (ng/mL)* G3a 155.48 (49.92 — 369.62)  151.16 (11.39 — 437.74) 0.709
G3b 103.29 (13.74 - 319,49)  97.02 (19.47 — 275.62) 0.093
G4 65.70 (21.18 — 189.96) 58.26 (20.87 — 197.22) 0.032
TS (%) G3a 27.06 (1.94) 24.30 (1.60) 0.500
G3b 27.32 (2.22) 24.97 (1.53) 0.616
G4 24.03 (1.81) 23.03 (2.07) 0.419

All results are shown as mean z scores (SE), all estimated marginal means obtained by GEE analyses; median
(maximum value - minimum value) by Friedman analyses. MCHC: Mean Corpuscular Hemoglobin Concentration,
TS: Transferrin saturation. Stages of CKD in active treatment group, G3a: 16; G3b: 25; G4: 25, and no active
treatment, G3a: 17; G3b: 16; G4: 14.
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5. CONSIDERACOES FINAIS

Com base nos dados apresentados, avaliando o perfil clinico e laboratorial dos
pacientes nos diferentes estagios da DRC, supde-se que o tratamento com 5mg/d de acido
félico em paciente ndo dialiticos nos estagios 3-4 da DRC oferece uma nova abordagem
para o tratamento da hiperhomocisteinemia e pode ser uma importante estratégia para
melhorar o EO/EN dos pacientes e 0os danos associados a esse fenbmeno. A intervencao
com acido félico em um curto periodo de tempo foi eficaz em aumentar a atividade das
enzimas antioxidantes e diminuir os niveis de biomarcadores pro-oxidantes em pacientes
com DRC nos estagios G3a e G3b.

Da mesma forma, evidencia-se a importancia da busca por novos biomarcadores
para acompanhar a progressdo da DRC. No presente estudo, a andlise intergrupo mostrou
que os niveis de Hci aumentaram significativamente de G3a para G3b para G4 e a atividade
de PONL1 diminuiu de acordo com o avanco dos estagios da doenga. Com isso, defende-
se a hipétese dos niveis de Hci e atividades da PON1 serem potenciais biomarcadores no
auxilio do acompanhamento da progressdo da DRC em pacientes pré-dialiticos.

Contudo, curiosamente o tratamento com acido félico reduziu o ferro sérico, MCHC,
ferritina e TS nos estagios inicial e moderado da DRC. Entretanto, essas alteragfes ndo
resultaram em mudancas significativas nas condi¢des clinicas dos pacientes, uma vez que
0os niveis dos parametros hematologicos ndo indicaram quadro de anemia, estudos

adicionais neste campo séo necessarios.
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APENDICE A- TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO DO GRUPO
INTERVENCAO

Termo de Consentimento Livre e Esclarecido (TCLE)

“Analise de biomarcadores inflamatérios, bioguimicos e de estresse oxidativo em
pacientes com a doenca renal cronica (DRC) em diferentes estagios da filtracado
glomerular”

Prezado(a) Senhor(a):

Gostariamos de convida-lo (Ia) a participar da pesquisa “Ensaio clinico com n-acetilcisteina
associada ao acido folico em pacientes com doencga renal cronica no estagio pré-dialitico:
analise de biomarcadores de estresse oxidativo e inflamatérios e avaliacdo in vitro do
potencial antioxidante de medicamentos comumente utilizados”, aprovado pelo Comité de
Etica em Pesquisa (CAAE 63097216.1.0000.5231), realizada no Hospital Universitario da
Universidade Estadual de Londrina. O objetivo da pesquisa é avaliar a intervengao
terapéutica com acido félico e n-acetilcisteina em pacientes com DRC nos estagios 3a, 3b
e 4 segundo a Fundacgdo Nacional do Rim, quantificando marcadores bioquimicos, de
estresse oxidativo e inflamatorios buscando correlacionar os resultados encontrados com
a progressao da doenca assim como também em pacientes sem essa intervencdo. A sua
participacdo € muito importante e ela se daria pela doag&o de 45 mL de sangue por pungéo
venosa (15mL de sangue com EDTA, 25mL de soro e 5mL de sangue com fluoreto) em
uma Unica etapa, em apenas um momento, sendo todos os materiais usados descartaveis.
Gostariamos de esclarecer que sua participagéo é totalmente voluntaria, podendo vocé:
recusar-se a participar, ou mesmo desistir a qualquer momento sem que isto acarrete
qualquer 6nus ou prejuizo a sua pessoa. Informamos ainda que as informagbes serdo
utiizadas para fins desta e de outras pesquisas que, eventualmente, poderdo ser
realizadas utilizando-se o banco de dados/amostras obtidas neste trabalho, e seréo
tratadas com o mais absoluto sigilo e confidencialidade, de modo a preservar a sua
identidade.

Esperamos que essa pesquisa permita verificar se os marcadores bioquimicos, de
estresse oxidativo e inflamatérios propostos séo interessantes para averiguar se ha algum
destes que possa contribuir no acompanhamento, terapéutica e na reducéo da progressao
da DRC.

Informamos que o(a) senhor(a) ndo pagard nem serd remunerado por sua
participacdo. Garantimos, no entanto, que todas as despesas decorrentes da pesquisa
serdo ressarcidas, quando devidas e decorrentes especificamente de sua participacao
nesta.

Os beneficios esperados sao que de acordo com os resultados obtidos, uma nova
abordagem terapéutica para a DRC podera ser desenvolvida. Quanto aos riscos, nenhum
dos procedimentos utilizados constitui risco direto para a integridade fisica ou moral dos
participantes. Entretanto, em alguns pacientes mais sensiveis pode ocorrer certo
desconforto no momento da coleta de sangue como a lipotimia, que € uma sensacéao de
mal estar levando a pessoa a um estado de quase desmaio. Nesta situacdo, a equipe de
coleta que esta treinada para esta intercorréncia, prontamente prestara atendimento
adequado.

Asseguramos a todos os participantes ao final do estudo, acesso gratuito em um
periodo equivalente a trés meses de tratamento, aos melhores métodos profilaticos,
diagnosticos e terapéuticos que se demonstraram eficazes.

Caso vocé tenha duvidas ou necessite de maiores esclarecimentos, pode nos
contatar: professor Dr. Décio Sabbatini Barbosa ((43) 3371-2451), Farmacéutico Andressa
Keiko Matsumoto ((43) 9601-6344), ou procurar o Comité de Etica em Pesquisa
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Envolvendo Seres Humanos da Universidade Estadual de Londrina, situado junto ao
LABESC - Laboratério Escola, no Campus Universitario, telefone 3371-5455, e-mail:
cep268@uel.br. Este termo deverd ser preenchido em duas vias de igual teor, sendo uma
delas, devidamente preenchida e assinada entregue a vocé.

Londrina, de de 20__.

Rubrica pesquisador

Décio Sabbatini Barbosa
(RG: 13.163.452 SSP-SP)

(nome por extenso do sujeito de

pesquisa), tendo sido devidamente esclarecido sobre os procedimentos da pesquisa,

concordo em participar voluntariamente da pesquisa descrita acima.

Assinatura (ou impresséo dactiloscopica):

Data:

Retorno:

Telefone para contato:
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APENDICE B- TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO DO GRUPO
CONTROLE

Termo de consentimento livre e esclarecido

“Analise de biomarcadores inflamatorios, bioquimicos e de estresse oxidativo em
pacientes com a doenca renal crénica (DRC) em diferentes estagios da filtracao
glomerular’

Prezado(a) Senhor(a):

Gostariamos de convida-lo(la) a participar da pesquisa “Ensaio clinico com
n-acetilcisteina associada ao acido folico em pacientes com doenca renal crénica
no estagio preé-dialitico: analise de biomarcadores de estresse oxidativo e
inflamatérios e avaliagdo in vitro do potencial antioxidante de medicamentos
comumente utilizados”, realizada no Hospital Universitario da Universidade
Estadual de Londrina. O objetivo da pesquisa é avaliar a intervencao terapéutica
com acido folico e n-acetilcisteina em pacientes com DRC nos estagios 3a, 3b e 4
segundo a Fundacéo Nacional do Rim, quantificando marcadores bioquimicos, de
estresse oxidativo e inflamatorios buscando correlacionar o0s resultados
encontrados com a progressao da doenca assim como também em pacientes sem
essa intervencdo. A sua participacdo é muito importante, pois precisamos de
individuos sem a doenca, para nos guiar como parametro, constituindo o que
chamamos de grupo controle, e isso se daria pela doacéo de 45 mL de sangue
por puncéo venosa (15mL de sangue com EDTA, 25mL de soro e 5mL de sangue
com fluoreto) em uma Unica etapa, em apenas um momento, sendo todos o0s
materiais usados descartaveis. Gostariamos de esclarecer que sua participacéo €
totalmente voluntaria, podendo vocé recusar-se a participar, ou mesmo desistir a
gualquer momento sem que isto acarrete qualquer 6nus ou prejuizo a sua pessoa.
Se houver qualquer desconforto durante ou apés a coleta, nossa equipe esta
preparada para atendé-lo da melhor forma possivel. Informamos ainda que as
informagOes serdo utilizadas para fins desta e de outras pesquisas que,
eventualmente, poderdo ser realizadas utilizando-se o banco de dados/amostras
obtidas neste trabalho, e serdo tratadas com o0 mais absoluto sigilo e
confidencialidade, de modo a preservar a sua identidade.

Esperamos que essa pesquisa permita verificar se 0os marcadores
bioquimicos, de estresse oxidativo e inflamatérios propostos séo interessantes para
averiguar se ha algum destes que possa contribuir na prevencéo, acompanhamento
e terapéutica na DRC.

Informamos que o(a) senhor(a) ndo pagara nem sera remunerado por sua
participacdo. Garantimos, no entanto, que todas as despesas decorrentes da
pesquisa serdo ressarcidas, quando devidas e decorrentes especificamente de sua
participagéo nesta.

Os beneficios esperados séo que de acordo com os resultados obtidos, uma
nova abordagem terapéutica para a DRC podera ser desenvolvida. Quanto aos
riscos, nenhum dos procedimentos utilizados constitui risco direto para a
integridade fisica ou moral dos participantes. Entretanto, em alguns pacientes mais
sensiveis pode ocorrer certo desconforto no momento da coleta de sangue como a
lipotimia, que é uma sensacao de mal estar levando a pessoa a um estado de quase
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desmaio. Nesta situacdo, a equipe de coleta que esta treinada para esta
intercorréncia, prontamente prestara atendimento adequado.

Asseguramos a todos os participantes ao final do estudo, acesso gratuito em
um periodo equivalente a trés meses de tratamento, aos melhores métodos
profilaticos, diagndésticos e terapéuticos que se demonstraram eficazes.

Caso vocé tenha davidas ou necessite de maiores esclarecimentos, pode
nos contatar: professor Dr. Décio Sabbatini Barbosa ((43) 3371-2451),
Farmacéutico Andressa Keiko Matsumoto ((43) 9601-6344), ou procurar o Comité
de Etica em Pesquisa Envolvendo Seres Humanos da Universidade Estadual de
Londrina, situado junto ao LABESC — Laboratorio Escola, no Campus Universitario,
telefone 3371-5455, e-mail: cep268@uel.br. Este termo devera ser preenchido em
duas vias de igual teor, sendo uma delas, devidamente preenchida e assinada
entregue a voceé.

Londrina, de de 20 .

Rubrica pesquisador

Décio Sabbatini Barbosa
(RG: 13.163.452 SSP-SP)

(nome por extenso do sujeito de

pesquisa), tendo sido devidamente esclarecido sobre o0s procedimentos da

pesquisa, concordo em participar voluntariamente da pesquisa descrita acima.

Assinatura (ou impressao dactiloscopica):
Data:

Retorno:

Telefone para contato:
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APENDICE C — QUESTIONARIO INTERNACIONAL DE ATIVIDADE FiSICA — IPAQ

IPAQ- International Physical Activity Questionnaire — verséo 6

Nos queremos saber quanto tempo vocé gasta fazendo atividade fisica em uma semana NORMAL. Por
favor responda cada questdo mesmo que considere que néo seja ativo. Para responder considere as
atividades comomeio de transporte, no trabalho, exercicio e esporte.

IPAQla - Em quantos dias de uma semana normal, vocé realiza atividades LEVES
ou MODERADAS por pelo menos 10 minutos, que fagam vocé suar POUCO ou
aumentem LEVEMENTE sua respiracdo ou batimentos do coracdo, como nadar,
pedalar ou varrer:

IPAQ1b - Nos dias em que vocé faz este tipo de atividade, quanto tempo vocé gasta
fazendo essas atividades POR DIA no total, em minutos?

IPAQ2a — Em quantos dias da Gltima semana, vocé realizou atividades VIGOROSAS
por pelo menos 10 minutos continuos, como por exemplo correr, fazer ginastica
aerobica, jogar futebol, pedalar rapido na bicicleta, jogar basquete, fazer servigcos
domésticos pesados em casa, no quintal ou cavoucar no jardim, carregar pesos
elevados ou qualquer atividade que fez aumentar MUITO sua respiragéo ou
batimentos do coracéo.

IPAQ2b - Nos dias em que vocé faz essas atividades por pelo menos 10 minutos
continuos, quanto tempo no total, em minutos, vocé gastou?

Il - ATIVIDADE FiSICA NO TRABALHO

IPAQIl.1a.Atualmente vocé trabalha ou faz trabalho voluntario fora
de sua casa?

0 — Nao
1-Sim

IPAQII.1b. Quantos dias de uma semana normal vocé trabalha?

Durante um dia normal de trabalho, quanto tempo vocé gasta, em minutos:

IPACII.1c . Andando rapido

IPACII.1d. Fazendo atividades de esfor¢co moderado como subir
escadas ou carregar pesos leves

IPACIl.1le. Fazendo atividades vigorosas como trabalho de construgéo
pesada ou trabalhar com enxada, escavar

ATIVIDADE FiSICA EM CASA

Agora, pensando em todas as atividades que vocé tem feito em casa durante uma
semana normal:



IPACII.2a . Em quantos dias de uma semana normal vocé faz atividades
dentro da sua casa por pelo menos 10 minutos de
esforco moderado como aspirar, varrer ou esfregar:

IPAQIL.2b. Nos dias que vocé faz este tipo de atividades quanto tempo vocé gasta
fazendo essas atividades POR DIA, em minutos?

IPAQIIL.2c. Em quantos dias de uma semana normal vocé faz atividades
no jardim ou quintal por pelo menos 10 minutos de
esforco moderado como varrer, rastelar, podar:

IPAQII.2d. Nos dias que vocé faz este tipo de atividades quanto
tempo vocé gasta POR DIA, em minutos?

IPAQIIL.2e. Em quantos dias de uma semana normal vocé faz atividades
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no jardim ou quintal por pelo menos 10 minutos de esforco vigoroso ou forte como

carpir, arar, lavar o quintal:

IPAQIL2f. Nos dias que vocé faz este tipo de atividades guanto
tempo vocé gasta POR DIA, em minutos?

ATIVIDADE FiSICA COMO MEIO DE TRANSPORTE

Agora pense em relacdo a caminhar ou pedalar parair de
um lugar a outro em uma semana normal.

IPAQ.3a. Em quantos dias de uma semana normal vocé caminha
de formarapida por pelo menos 10 minutos para ir de um

lugar para outro? (N&o inclua as caminhadas por prazer ou
exercicio)

IPAQ.3b. Nos dias que vocé caminha para ir de um lugar para
outro quanto tempo POR DIA vocé gasta caminhando?
(N&o inclua as caminhadas por prazer ou exercicio)

IPAQ.3c. Em quantos dias de uma semana normal vocé pedala
rapido por pelo menos 10 minutos para ir de um lugar para outro? (Nao inclua o
pedalar por prazer ou exercicio)

IPAQ.3d. Nos dias que vocé pedala para ir de um lugar para outro quanto tempo
POR DIA vocé gasta pedalando? (N&o inclua o pedalar por prazer ou exercicio)




