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Oxidativo/Nitrosativo em Pacientes com Doenca Renal Cronica em Diferentes Estagios Pré-
dialise. 2019. 55 f. Dissertacdo (Mestrado em Ciéncias da Saude) — Universidade Estadual de
Londrina, Londrina, 2019.

RESUMO

A doenca renal cronica (DRC) é representada por um grupo de condi¢es heterogéneas que afetam a
estrutura e fungdo dos rins. O estresse oxidativo/nitrosativo (EO/EN) é um desequilibrio entre
compostos antioxidantes e pré-oxidantes, sendo que este Gltimo pode causar danos irreversiveis a
proteinas, lipideos, DNA e, consequentemente, podendo contribuir para o aparecimento da DRC.
Sabendo da importancia deste processo na fisiologia da DRC, o objetivo deste estudo foi mensurar
niveis de biomarcadores de EO/EN e parametros bioquimicos em pacientes em estagios pré-dialiticos,
comparando-o0s entre si e entre individuos saudaveis com a finalidade de verificar o quanto a DRC
altera estes biomarcadores bem como repercute em resultados laboratoriais de rotina. Para atingir este
objetivo foi realizado um estudo controlado com amostra de 88 pacientes com DRC distribuidos em
trés grupos, de acordo com a classificacdo da sua taxa de filtracdo glomerular (TFG) 3a, 3be 4 e
comparados entre si e com um grupo controle formado por individuos que ndao possuem a doenca.
Foram realizadas andlises bioquimicas de &acido drico, creatinina, proteinas totais, glicose,
homocisteina, perfil lipidico, PCR, AST e ALT e EO/EN biomarcadores SOD, CAT, PON, GT, GSH,
GSSG, NOx, LOOH, SH e AOPP. A analise estatistica foi realizada com o programa SPSS Statistic®
20 (IBM, Armonk, NY, EUA). As variaveis foram avaliadas por andlise de variancia (ANOVA)
complementada com teste de Tukey ou Dunnet T3 ou por Kruskal-Wallis complementado com o teste
de Dunn. Também foi realizada uma analise GLM multivariada (MANOVAe uma curva caracteristica
de operagdo do receptor (ROC). O resultado de maior relevancia deste estudo foi em relacdo aos niveis
de AOPP, que apresentaram-se aumentados conforme a progressao da doenga entre 0s estagios, bem
como guando comparado aos individuos saudaveis. Ao comparar 0s estagios 3a, 3b e 4 da DRC com
individuos saudaveis, observou-se também um aumento significativo nos biomarcadores antioxidantes
SOD, GT e GSH, bem como um aumento nos niveis do biomarcador pré-oxidativo NOx. Em relacéo
aos parametros bioquimicos, os estdgios 3a, 3b e 4 apresentaram valores significativamente
aumentados nos niveis de glicose, triglicérides, acido Urico, , creatinina, TFG e homocisteina, quando
comparados a individuos saudaveis. Apenas o0s niveis de colesterol total e LDL apresentaram-se
diminuidos quando comparados ao grupo controle, sendo esse resultado justificado pelo fato dos
pacientes fazerem uso de estatinas, e o grupo controle ndo. Com os resultados foi possivel concluir que
existem diferencas entre os estagios da doenca em relacdo ao grupo controle tanto no EO/EN como
nos biomarcadores bioquimicos, e em relacdo ao EO/EN a AOPP foi o marcador que obteve melhores
resultados. Novos estudos deverdo ser realizados para a comprovacao da utilizagdo do biomarcador
AOPP como ferramenta no acompanhamento da evolucdo da DRC.

Palavras-chave: Doenga renal cronica. Pré-dialise. Estresse oxidativo/nitrosativo. Produtos
avancgados de oxidag&o proteica .
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ABSTRACT

Chronic kidney disease (CKD) is composed of a group of heterogeneous conditions that affect the
structure and function of the kidneys. Oxidative / nitrosative stress (OS/NS) is an imbalance between
antioxidant and pro-oxidant compounds, and the latter can cause irreversible damage to proteins,
lipids, DNA and, consequently, leading to various diseases such as CKD. Knowing the importance of
this process in CKD, the objective of this study was to measure levels of OS/NS biomarkers and
biochemical parameters in predialytic stages, comparing them to each other and among healthy
individuals in order to verify how much CKD changes these biomarkers as well as repercussions on
routine laboratory results. To achieve this goal, a controlled study was conducted with a sample of 88
patients with CKD allocated to three groups according to the classification of their glomerular
filtration rate (GFR) 3a, 3b and 4 and compared to each other and to a control group formed by healthy
individuals. Biochemical analyzes of uric acid, creatinine, total proteins, glucose, homocysteine, lipid
profile, PCR, AST and ALT and OS / NS biomarkers SOD, CAT, PON, GT, GSH, GSSG, NOX,
LOOH, SH and AOPP were performed. Data and statistical management were performed with SPSS
Statistic® 20 (IBM, Armonk, NY, USA). The variables were evaluated by analysis of variance
(ANOVA) complemented with the Tukey or Dunnet T3 test or by Kruskal-Wallis complemented with
the Dunn test. A multivariate GLM analysis was also performed (MANOVA and a receiver operating
characteristic curve (ROC). The most relevant result of this study was related to AOPP levels, which
were increased according to the progression of the disease between the stages, as well as when
compared to the healthy individuals. When comparing stages 3a, 3b and 4 of CKD with healthy
subjects, a significant increase was also observed in the antioxidant biomarkers SOD, GT and GSH, as
well as an increase in the levels of the pro-oxidative biomarker NOx. Regarding the biochemical
parameters, stages 3a, 3b and 4 presented significantly increased levels of glucose, triglycerides, uric
acid, creatinine, GFR and homocysteine when compared to healthy individuals. Only the total and
LDL cholesterol levels were decreased when compared to the control group, and this result is justified
by the fact that patients use statins, and the control group did not. With the results it was possible to
conclude that there are differences between the stages of the disease in relation to the control group in
both the EO / EN and the biochemical biomarkers, and in relation to the OS/NS the AOPP was the
marker that obtained better results. Further studies should be performed to prove the use of the AOPP
biomarker as a tool in monitoring the evolution of CKD.

Keywords: Chronic kidney disease. Pre-dialysis. Oxidative/nitrosative stress. AOPP.
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1. INTRODUCAO

A doenca renal cronica (DRC) é representada por um grupo de condicdes heterogéneas que
afetam a estrutura e fungdo do rim. A injuria renal aguda (IRA), a ingestao de nefrotoxinas, 0 aumento
de peso, o tabagismo e 0 aumento da idade sdo os fatores ligados a ela (RASOOL et al., 2017).

O desenvolvimento da DRC é gradual e insidioso, onde metabdlitos azotados (dentre outros)
ndo sdo total ou suficientemente removidos. A taxa de mortalidade em pacientes com DRC é alta
principalmente por causas como acidente vascular cerebral ou infarto agudo do miocardio (SMALL et
al., 2012). A idade, hipertensdo, tabagismo, dislipidemia e diabetes mellitus (DM) sdo alguns dos
fatores de risco conhecidos para DRC (ASLAM, 2008; LEVI et al., 2014).

O DM pode contribuir para a lesdo de vasos sanguineos glomerulares sendo que o primeiro
sinal de problema renal é a presenca de proteindria anormal. Cerca de um tergo das pessoas com essa
doenca podem, eventualmente, desenvolver DRC. A fungdo renal é mensurada ou estimada pela taxa
de filtracdo glomerular (TFG) e, para tanto, sdo considerados os resultados da dosagem de creatinina
tanto no sangue como na urina ou por meio de céalculos como pelas férmulas de Cockcroft-Gault ou
Modification of Diet in Renal Disease - MDRD (“KDIGO 2012 Clinical Practice Guideline for the
Evaluation and Management of Chronic Kidney Disease”, 2012).

O aumento nos niveis de homocisteina estd associado com microalbuminuria e leséo
glomerular na maioria da populacdo diabética, sendo a hiperhomocisteinemia um fator de risco para o
declinio da fungdo renal e desenvolvimento da DRC (XIE et al., 2015).

O estresse oxidativo e o estresse nitrosativo (EO/EN) consistem no desequilibrio entre
substancias pré e antioxidantes intracelulares ou de forma sistémica resultando na superproducédo de
espécies reativas de oxigénio e/ou nitrogénio (ERO/ERN) e diminui¢do do sistema de defesas
antioxidantes. O EO/EN é um fator importante na patogénese da lesdo renal (WAN; SU; ZHANG,
2016).

Toxinas urémicas (ureia, creatinina, homocisteina, oxalato, foésforo, guanidinas, entre outras)
sdo metabdlitos que podem propiciar a peroxidacdo lipidica, oxidagdo proteica e redugdo na
concentracdo de enzimas antioxidantes levando ao EO/EN em pacientes com DRC (STEPNIEWSKA,
2015). O EO/EN promove apoptose de células renais, diminui¢do da capacidade regenerativa das
celulas e fibrose, apresentando um efeito deletério sobre a fungdo renal (SMALL et al., 2012). A
intensidade do EO/EN urémico pode ser medida utilizando-se marcadores especificos, conforme a
progressdo da doenca e idade. (TBAHRITI, 2013).

Algumas estratégias podem retardar a progressdo da DRC e reduzir os riscos da mortalidade
por doencas cardiovasculares. Essas estratégias englobam o controle da pressdo arterial com agentes
gue blogueiam a via renina-angiotensina, controle glicémico e hipolipemiantes reduzindo a incidéncia

de eventos ateroscleréticos (JHA et al., 2013).
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Diante do exposto e pelo fato da literatura ser escassa no entendimento do papel do EO na
evolugdo da DRC, esse trabalho poderé trazer novas informacdes a cerca do envolvimento do EO na
patogenia da DRC.
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2. DESENVOLVIMENTO
2.1. DOENCA RENAL CRONICA

Os rins séo orgdos fundamentais para a manutencdo da homeostase do organismo, possuindo
funcdes de regulacao e excrecdo, bem como fungdes enddcrinas. A diminuicdo da TFG ou perda direta
da funcdo dos rins sdo observadas na DRC, comprometendo assim, a homeostase do organismo
(MARQUITO et al., 2014).

Nesse contexto, 0s rins sdo responsaveis por outros mecanismo de controle do organismo,
como regulacdo da atividade cardiaca através do equilibrio do potéssio, regulacdo do pH sanguineo
por meio da regeneracédo dos ions bicarbonato, controle da presséo arterial devido da remogao do sédio
e 0 equilibrio de agua. Além disso, os rins tem importante funcdo na formacdo do sangue pois sao
responsaveis pela sintese de eritropoietina, possui relagdo com a estrutura Ossea, regulando o
equilibrio do calcio e pela ativacdo da vitamina D. Sendo assim, 0s rins sdo orgaos muito importantes,
e podem sofrer alteragdes de funcdo e estrutura, diminuindo sua capacidade de efetuar todas essas
funcdes (SILVERTHORN, 2010).

O cuidado com os pacientes com DRC é complexo e exige tratamento concomitante com
varios medicamentos. Além disso, na presenca de outras doencgas e com o avangar da idade, aumenta-
se 0 risco de desenvolvimento de outras comorbidades relacionadas as interagcbes medicamentosas
(SGNAOLIN et al., 2014). Nesse sentido, toda substancia que se encontra na circulagdo e sdo
depuradas via excre¢do renal, passard pelos rins. Isso significa que grandes concentracdes de
medicamentos dentro dos tlbulos renais podem promover respostas inflamatorias e comprometer a
filtracdo (MELGACO et al., 2010).

A DRC esta associada a desfechos clinicos prejudiciais, dentre eles 0 aumento do risco de
infecgbes e doencas cardiovasculares (ALI et al., 2017). Os sintomas da DRC sdo normalmente
inespecificos, entretanto, alguns pacientes relatam agrupamentos de sintomas como sonoléncia,
prurido e pele seca (AIYEGBUSI et al., 2017).

A mortalidade na DRC permanece elevada, estando associada a eventos cardiovasculares na
maioria dos pacientes. DM e hipertensdo também sdo fatores de risco que predispde o
desenvolvimento e progressdo da DRC (SAYANTHOORAN et al., 2016).

No Brasil, a DRC vem ganhando destaque nos ultimos anos, por se tratar de uma doenca cada
vez mais comum na populacdo e por estar associada a uma alta taxa de mortalidade (BATISTA et al.,
2017). A incidéncia e a prevaléncia da DRC cresceram vertiginosamente, tendo em vista que no ano
2000 o nimero de pacientes em terapia de substituicdo renal (hemodiélise) era de 42.695 e no ano de
2012 este numero alcangou a margem de 97.500 pacientes (PEREIRA et al., 2016). Entre as causas
primarias da DRC no Brasil no ano de 2017, a hipertenséo esta em primeiro lugar com 34%, seguido
do diabetes com 31%. Além disso, o nimero estimado de mortes de individuos com DRC em 2017 foi
de 25.187, que alcangou uma porcentagem de mortalidade bruta de 19,9% (THOME etal., 2019).
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Para categorizar e acompanhar a evolugdo da doenca além de mensurar a eficiéncia da
intervencdo terapéutica bem como mudancas no estilo de vida dos pacientes com DRC foi criado o
KDIGO “Kidney Disease: Improving Global Outcomes”, que desenvolve e implementa diretrizes
globais de prética clinica para com esses pacientes. Existem varios de guidelines criados pelo KDIGO
com a atengdo voltada para pacientes com DRC, como pode-se citar o “Diabetes and CKD”, “Lipids
and CKD” e “Anemia in CKD” (KDIGO, 2012).

O KDIGO no que diz respeito ao guideline “CKD Evaluation and Management” define a
DRC como anormalidades da estrutura ou de funcdo renal, presente por 3 meses, com implicacdes
para a saide (KDIGO, 2012).

As anormalidades da estrutura ou funcdo renal podem ser reconhecidas clinicamente por
diferentes critérios, sendo necessario apenas um desses critérios para se diagnosticar a DRC. Os
critérios incluem diminuicdo TFG <60 mL/min/1,73 m2) ou evidéncia de dano renal, como
albumindria, anormalidades do sedimento urinario, eletrélitos e outras anormalidades devido a
distdrbios tubulares. Além disso, anormalidades detectadas pela histologia e anormalidades estruturais
detectadas por exames de imagem também sdo suficientes para o diagndstico. Na clinica, isso significa
gue para diagnosticar DRC em um individuo com TFG normal ou com 60 ml/min/1,73m2, é
necessaria uma analise de urina ou teste de imagem renal (PEREZ-GOMEZ et al., 2019).

Esse sistema de estadiamento (tabelal) padronizou a definicdo de DRC e, ao fazé-lo, iniciou-
se um discurso publico e cientifico produtivo sobre a DRC (KOMENDA; RIGATTO; TANGRI,
2014).

Tabela 1: Categorias da taxa de filtragdo glomerular (TFG) na doenga renal crénica (DRC).

Categoria
TEG TFG (ml/min/1.73 m2) Termos
1 >90 Normal ou alto
2 60-89 Ligeira diminuicéo
3a 45-59 De leve a moderadamente diminuida
3b 30-44 Moderadamente a severamente diminuido
4 15-29 Gravemente diminuido
5 <15 Insuficiéncia Renal

Adaptacdo KDIGO (2012). TFG: taxa de filtragdo glomerular; tabela relativa a jovens adultos.

Em relacéo ao progndstico dos pacientes com DRC, além da avaliagdo dos niveis de creatinina
e o0 estadiamento da doenca, também utiliza-se os valores de albuminuria. A partir deos valores de
creatinina sérica e albuminuria estipula-se a frequéncia de avaliagdo desses marcadores ao decorrer do

ano, a fim de obter um melhor acompanhamento desses pacientes (KDIGO, 2012).
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Levando-se em consideragdo os principais desfechos da DRC, como doenca cardiovascular,
mortalidade e a propria progressdo da doenga e por haver uma estreita relacdo entre o estagio da DRC
e os desfechos clinicos, o cuidado no controle dos fatores de progressdo da DRC devem ser sempre
intensificados, de acordo com a evolugio da doenca (MINISTERIO DA SAUDE, 2014).

Além disso, a classificacdo deve ser aplicada para tomada de decisdo no que diz respeito ao
encaminhamento para os servicos de referéncia, para fins de organizacdo do atendimento integral ao
paciente. Nesse sentido, a maioria das pesquisas envolvem pacientes que se encontram nos estagios
mais graves da doenca, ndo sendo possivel encontrar muitos estudos com o estadiamento inicial e
intermediario (MINISTERIO DA SAUDE, 2014).

A creatinina sérica, juntamente com a albumina urinaria, é utilizada universalmente para se
estimar a TFG. Os danos glomerulares acarretam a diminuicdo da seletividade de tamanho e carga das
substancias filtradas nos rins, e isso resulta e uma maior concentragdo de albumina na urina, conhecida
como albumindria. Entretanto, independente do motivo de excrecdo elevada de albumina, esta, tem
efeito toxico direto no tecido renal, contribuindo para a perda progressiva da funcdo deste 6rgdo. Os
mecanismos pelos quais a albumindria aumentada causa ou acelera a leséo renal envolvem multiplas
vias que culminam em les6es tubulointersticiais (HEERSPINK; GANSEVOORT, 2015).

Atualmente, ja é de conhecimento que niveis mais elevados de albuminuria precedem e
predizem uma taxa mais répida do declinio da funcéo renal e aumento do risco da DRC chegar ao
estagio final em menor tempo. Além disso, ndo é sé na DRC que a albuminuria tem importancia, mas
sim em varias condi¢des fisiopatolégicas, como diabetes, hipertensdo e doencas glomerulares
primérias (HEERSPINK; GANSEVOORT, 2015).

A ureia encontra-se aumentada em grande parte dos pacientes com DRC prejudicando o
metabolismo do acido félico. Isso ocorre pelo fato de que os anions organicos e inorganicos tém sua
depuracdo reduzida nesses pacientes, inibindo o transporte do metabdlito do acido félico para dentro
da membrana celular. Sendo assim, o transporte de folatos fica mais lento em pacientes urémicos,
resultando na baixa absorcdo de folatos mesmos em concentragdes plasméticas normais (CAPELLI et
al., 2019).

A homocisteina é um aminoéacido sulfurado que nédo esta envolvido na sintese de proteinas,
sendo um intermediario no metabolismo da metionina. Na DRC existe um aumento nos niveis
plasméticos de homocisteina (hiperhomocisteinemia), que séo determinados por varios fatores, como a
diminuicdo de sua excrecdo, alteracbes genéticas de enzimas do metabolismo da metionina e
deficiéncia de vitamina B12, B6 e acido félico (YE et al., 2016).

A hiperhomocisteinemia exerce a¢éo patogénica nos processos de dano vascular, o que a torna
mais grave nos pacientes com DRC. Ela é capaz de induzir o EO/EN e atua como antagonista das
propriedades vasodilatadores do Oxido nitrico endotelial (CAPELLI et al., 2019; CIANCIOLO et al.,
2017). Além disso, ela estd relacionada com fatores inflamatérios e com a ativagdo de

metaloproteinases, que induzem a sintese de colageno e diminuem a eslasticidade vascular,
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culminando com o aumento da pressao arterial (CIANCIOLO et al., 2017).

Um possivel mecanismo de lesdo da homocisteina é a inducdo de EO/EN local, gerando
espécies reativas, por causa do grupo tiol presente na molécula, que sofre rapida auto-oxidacdo na
presenca de oxigénio e ions metalicos. Além disso, a homocisteina elevada promove a atividade da
NADPH-oxidase com aumento adicional na geracdo de ERO/ERN (CAPELLI et al., 2019). A
homocisteina promove a proliferagcdo de células musculares lisas, fazendo com que ocorra interagdes
com plaquetas, lipideos e fatores de coagulacdo. Ela também pode estar associada com a agéo dos
sequestradores de LDL oxidada - tais como CD36 e proteina de ligacdo a LDL oxidada tipo lectina-1 -
por macrdfagos, resultando em células espumosas (THAMPI et al., 2008).

Nos pacientes com DRC nos estagios intermediarios e avancados sdo encontradas alteractes
metabdlicas como acidose, inflamagdo sistémica, desregulacdo hormonal e algumas outras
comorbidades relacionadas a doenca e a pratica da polifarmécia. Esses fatores podem desencadear
desnutrigdo e associam-se com a diminuicdo nos niveis de &cido félico de vitamina B12, ocasionando
um aumento dos niveis de homocisteina, tendo em vista que essas vitaminas atuam como cofatores
durante e remetilagdo da mesma. (CAPELLI et al., 2019).

Outra alteragdo laboratorial muito encontrada nesses pacientes é o aumento nos niveis de &cido
arico (hiperuricemia), um produto final do metabolismo dos nucle6tidos purinicos (adenina e guanina)
(MUN et al., 2018).

A dislipidemia é comum na DRC e ja foi demonstrado que a incidéncia da DRC esta associada
ao aumento de triglicerideos plasmaticos e com a diminui¢do do colesterol HDL, embora os niveis de
colesterol LDL sdo menos preditivos de risco cardiovascular na DRC, especialmente naqueles com
TFG mais baixa. Sendo assim, é importante o controle da dislipidemia nesses pacientes (REISS et al.,
2016).
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2.2. ESTRESSE OXIDATIVO/NITROSATIVO

O corpo humano produz radicais livres continuamente, pois sdo substancias importantes para a
defesa do organismo contra microorganismos e também para a sinalizacdo celular (FRANCA et al.,
2013). Algumas ceélulas de defesa, como neutréfilos, macrofagos e células do endotélio produzem
espécies radicalares durante o processo de cicatrizacdo dos tecidos. Além disso, 0s agentes oxidantes
possuem um papel importante no processo de coagulacdo, aumentando o recrutamento e a ativagdo de
plaquetas induzida por colageno (NERY et al., 2015).

Existe uma estimativa que para cada 25 moléculas de oxigénio (O,) consumidas durante uma
respiragdo normal, 1 radical livre seja produzido (PEREIRA, 2013). Radicais livres podem ser
definidos como qualquer espécie com existéncia independente como moléculas, &tomos ou ions, que
contenha O, com um ou mais elétrons desemparelhados em seu orbital mais externo (KRUGER et al.,
2015). Essas substancias sdo muito reativas e instaveis, podendo realizar ligacbes com moléculas
proximas (PEREIRA, 2013).

Nesse sentido, 0 EO/EN pode ser estabelecido como uma desordem das funcGes moleculares e
celulares, acarretada por um desequilibrio entre a producdo de ERO e ERN e a capacidade de
producdo de antioxidantes do organismo (OLIVEIRA et al., 2013).

Nos processos metabodlicos os radicais livres exercem fungdo de mediadores quimicos em
reacOes de transferéncia de elétrons, mas sua producdo em excesso pode acarretar leses oxidativas ao
organismo (FRANCA et al., 2013). Uma das caracteristicas dos radicais livres € sua meia-vida que é
relativamente curta, podendo ser de minutos, ou até mesmo de segundos em determinadas substancias
reativas (PEREIRA, 2013).

A capacidade de utilizar O, para sintetizar energia representa um dos principais avancos dos
organismos vivos. Sendo o O, considerado um aceptor universal de elétrons, 0 metabolismo oxidativo
é reponsavel pela producéao de véarias substancias como os radicais livres e ERO e ERN (PETRY et al.,
2013).

A geragdo de radicais livres e consequentemente do EO/EN, estdo interligadas com fatores
exdgenos, como poluicdo, raios ultravioleta (UV), medicamentos, bebidas alcodlicas e também o uso
do cigarro (PEREIRA, 2013). Nesse contexto, a peroxidacao lipidica esta relacionada a uma reacdo em
cadeia dos acidos graxos poli-insaturados nas membranas celulares, gerando radicais livres que
alteram a integridade da membrana celular, modificando sua permeabilidade e fluidez (FRANCA et
al., 2013).

A producdo de EROs se inicia pelo O,, devido a sua configuracdo eletrdnica, pois possui dois
elétrons desemparelhados, (KRUGER et al., 2015) recebendo um elétron de cada vez, produzindo
compostos intermediarios altamente reativos, destacando-se o anion superéxido (O,"), o peréxido de
hidrogénio (H,0,) e o radical hidroxil (HO") (CAMBRUSSI et al., 2018). Apesar do fato do H,0O, ndo

ser considerado um radical livre, ele é uma substancia extremamente reativa em determinadas
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situacdes (na presenca de ions metélicos, por exemplo), sendo capaz de atravessar membranas do
nlcleo e acarretar danos no DNA através de reacdes enziméticas (COTIGUIBA et al., 2013).

O O," também pode reagir com o 6xido nitrico (NO), formando o peroxinitrito (ONOQO), que
apesar de nao ser um radical livre é altamente oxidativo, e pode levar & formacdo de um &cido
oxidante com caracteristicas semelhantes a0 HO* (KRUGER et al., 2015). No rim, a interagdo entre
O, e NO causa danos ao endotélio vascular promovendo vasoconstri¢cdo. Além disso, altos niveis de
angiotensina-Il aumentam espécies radicalares que resultam na infltracdo de células inflamatorias que
causam danos tubulares e glomerulares (PUSHPAKUMAR et al., 2017).

O anion ONOO' esta em equilibrio com o 4cido peroxinitrito correspondente (ONOQOH) e os
dois decaem rapidamente em pH fisiol6gico formando radicais livres, como o HO'. Além disso, o
ONOO oxida proteinas e tiois formando dissulfetos. Sendo assim, a importancia das espécies reativas
ndo radicalares se deve ao fato de participarem ativamente como subprodutos para a geragdo de
radicais livres (KALYANARAMAN, 2013).

2.2.1. Sistema Antioxidante

As defesas antioxidantes do organismo podem ser dividida em enzimaticas que incluem, por
exemplo, superoxido dismutase (SOD), catalase (CAT) e glutationa peroxidase (GPx), e ndo
enzimaticas como os polifendis e algumas vitaminas como A, C e E (KRUGER et al., 2015).

Em relacdo aos antioxidantes enziméticos, de acordo com Kalyanaraman (2013) a CAT reduz
0 H,0, para O, e H,0O, mas em altas concentracdes de H,O,, a enzima GPx, que é dependente da
glutationa reduzida (GSH), é responsavel pela desintoxica¢do do H,0,. Durante este processo, a GSH
¢ oxidada através da glutationa oxidase (GOx) para dissulfeto de glutationa (GSSG) que é entdo
reduzido de volta para GSH pela glutationa redutase (GR) usando NADPH como co-fator. A enzima
GPx também ¢é responsavel pela remocdo de outros perdxidos lipidicos (LOOH), como pode-se
observar na figura 1.

Os mecanismos de defesa antioxidante atuam como neutralizantes ou atenuantes das
atividades das espécies reativas. Dentre eles podemos citar a SOD, que esta presente no citosol e na
mitocdndria e é responsavel por catalisar a dismutacdo do O,” em H,O, e O, e também a CAT
encontrada no citosol e nas mitocdndrias, além de estar presente nos peroxissomos. Ela é responsavel
pela conversdo do H,O, em agua e O, (PETRY et al., 2013).

A paraoxonase-1 (PON1) é uma esterase associada HDL e sua baixa atividade tem sido
associada ao aumento do risco de eventos cardiovasculares. Ela € uma enzima hidrolitica calcio
dependente encontrada em uma variedade de espécies de mamiferos e possui a capacidade de
hidrolisar o LDL oxidado, com potenciais efeitos ateroprotetores. Além disso, a PON1 pode clivar

adutos de peroxidacdo lipidica e também hidrolisar a homocisteina tiolactona, um intermediario mais
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reativo que a prépria homocisteina (SHUNMOOGAM; NAIDOO; CHILTON, 2018).
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Figura 1: Representacéo Esquematica do Ciclo catalitico da glutationa.
Fonte: Adaptado de (HUBER; ALMEIDA; DE FATIMA, 2008).

Em relacdo aos antioxidantes ndo enzimaricos, o principal deles é a GSH, que é dependente da
atividade da GPx. E encontrada de maneira abundante em todos os compartimentos celulares e é
sintetizada em todo o corpo. Este antioxidante protege as macromoléculas celulares, como proteinas e
lipideos de membrana, contra os ataques de espécies reativas. A neutralizacdo do H,O, e perdxidos
lipidicos é uma de suas acdes. Devido ao grupamento tiol livre, ela pode doar um elétron para 0s
radicais para torna-los menos reativos. A doacdo causa a oxidacdo da propria GSH, que se transforma
em dissulfeto de glutationa, que esta oxidada. Por sua vez, este ultimo é reduzido de volta a GSH pela
enzima glutationa redutase (DZIEDZIC et al., 2017).

Substancias antioxidantes normalmente s&o encontradas em menores concentragdes em
relacdo ao substrato oxidavel, sendo responsavel por atrasar ou inibir a reacdo de maneira eficaz.
Pequenas moléculas possuem a capacidade de agir diretamente na neutralizacdo dessas substancias
radicalares ou indiretamente, se envolvendo em sistemas enziméaticos (COTIGUIBA et al., 2013).
Dentre elas pode-se citar a glutationa reduzida, que estd presente no meio aquoso bem como nas
hemécias, e é responsavel pela regeneracdo da vitamina C e, indiretamente da vitamina E, além de ser
substrato para a GPx (PETRY et al., 2013).

O 4cido urico se apresenta dos dois lados do EO/EN, sendo antioxidante no meio extracelular
e pré oxidante no meio intracelular, sendo soltvel dentro das células e insoltvel no meio extracelular.
Como antioxidante, o acido urico corresponde por 60% da capacidade antioxidante do plasma (NERY
etal., 2015).

Altas concentragdes séricas de acido Urico sérico possuem desvantagens para 0 organismo
humano. Ele é conhecido por ter efeito neuroprotetor, diminuindo o risco de doenga de Parkinson e
comprometimento cognitivo. No entanto, possui uma elevada capacidade pro-oxidante no nivel celular
e é conhecido por ser responsavel pelo aumento dos indices de mortalidade cardiovascular (MUN et
al., 2018).
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O é&cido folico é derivado de poliglutamatos que sdo convertidos em monoglutamatos no
intestino e transportados através de epitélios mucosos por um transportador especifico (CAPELLI et
al., 2019). O 4cido folico é conhecido por diminuir os niveis de homocisteina, sendo o folato um
substrato para a remetilacdo da homocisteina (CHEN et al., 2016). Além disso, ele também melhora a
funcdo endotelial independente da diminui¢do da homocisteina, e esse resultado estd relacionado a
reducdo do EO/EN intravascular e ao aumento da meia vida do NO endotelial (CIANCIOLO et al.,
2017).
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2.3. ESTRESSE OXIDATIVO/NITROSATIVO E DOENCA RENAL CRONICA

O rim é um 6rgdo com alta demanda energética, e isso o torna mais vulneravel a danos
causados pelo EO/EN. Sendo assim, o0 EO/EN esta associada a DRC, além de participar das varias
complicagBes da doenca, como inflamacao e problemas cardiovasculares (DAENEN et al., 2018).

A aterosclerose é uma condicdo presente na maioria destes pacientes, muitas vezes associada
a propria génese da doenca renal. A presenca de inflamacdo é um achado consistente em pacientes
com DRC e tem sido reconhecida como um novo fator de risco para doenca arterial coronariana
(DUMMER; THOME; VERONESE, 2007). A DRC moderada a grave (estagios 3-5) esta associada a
um risco significativamente maior de morbidade e mortalidade cardiovascular. Sendo assim,, mais de
50% das mortes em pacientes com insuficiéncia renal ocorrem por infarto do miocéardio, acidente
vascular cerebral, e morte cardiaca stbita (KAUR; YOUNG; FADEL, 2017).

A aterosclerose acelerada na DRC é precedida pela disfungdo endotelial, que pode exibir um
perfil pré-inflamatério e pré-trombético e aumento de EO/EN. A DRC é um exemplo reconhecido de
distarbio multissistémico cronico associado a um elevado risco cardiovascular (VERA et al., 2018).

O mecanismo preciso de como a DRC induz o EO/EN ndo foi completamente elucidado.
Alguns estudos sugerem que as ERO/ERN s&o geradas na DRC por processos internos, incluindo
hiperativacdo da NADPH oxidase, aumento na producgdo de espécies radicalares e liberacdo de toxinas
urémicas (SAYANTHOORAN et al., 2016). O aumento de ERO/ERN acarreta lesdes e disfuncdes
teciduais por ataque, desnaturacdo, modificacdo de moléculas estruturais e funcionais e ativacao
fatores de transcricdo sensiveis ao estado redox. Esses eventos, por sua vez, promovem necrose,
apoptose, inflamacdo, fibrose e outras alteracfes metabdlicas (NOGUEIRA et al., 2017).

Acumulam-se evidéncias sugerindo que a inflamacdo cronica é crucial para o
desenvolvimento e progressdo da aterosclerose nos pacientes com DRC. Niveis elevados de
marcadores inflamatérios, como a proteina C reativa (PCR), sdo encontrados em pacientes com DRC
em diferentes estagios de sua progressdo. A presenca de niveis plasmaticos elevados de outros
marcadores inflamatorios, como a interleucina-6 (IL-6), e de EO/EN, como a peroxidagéo lipidica
contribuem para o aumento da resposta inflamatéria observada nestes pacientes (DUMMER,;
THOME; VERONESE, 2007).

A DRC esta associada a um declinio no contedo mitocondrial no estdgio inicial da doenga,
onde estas organelas podem ser desreguladas e, consequentemente, induzir alteragdes funcionais como
alteracdo da permeabilidade da membrana e mutacdes no DNA mitocondrial (SIGNORINI et al.,
2017). Nesse contexto, durante o dano renal, alteracbes mitocondriais continuas podem ativar um
circulo vicioso, responsavel por uma superproducdo de ERO/ERN que podem induzir mutaces no
DNA mitocondrial, danificar a cadeia respiratéria, alterar a permeabilidade da membrana e sistemas
desta organela. A disfuncdo mitocondrial e a insuficiéncia renal sdo estritamente conectados
(SAYANTHOORAN et al., 2016).
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As alteracOes oxidativas de proteinas causadas pelas ERO/ERN tém a capacidade de aumentar
a expressao de nitrotirosina, um produto da nitracdo da tirosina mediada por ERNs, além de aumentar
a expressdo de receptores de toxinas urémicas, como os produtos finais da glicacdo avancada
(OLIVEIRA et al., 2013).

Os produtos finais de glicacdo avancada sdo toxinas urémicas que se encontram elevadas na
DRC. Essa elevacao pode ser explicada pela producdo através do EO/EN, pela diminuigdo da excre¢do
renal e pela ingestdo de alguns alimentos. Além disso, as toxinas urémicas podem acarretar uma
deficiéncia na sintese de Oxido nitrico que tem um importante papel na protecdo vascular, inibindo a
proliferacdo e migracdo de células do musculo liso vascular, a agregacdo de plaguetas, bem como a
expressao de moléculas de adesdao (FRANCA et al., 2017).

Além disso, estudos ja provaram que nos pacientes com DRC, o EO/EN acarreta uma
diminuicdo nos niveis de compostos antioxidantes endégenos como SOD (CHEN et al., 2016; SAHNI;
GUPTA; BHALLA, 2012) e CAT (SAHNI; GUPTA; BHALLA, 2012).

2.3.1 Oxidag&o Proteica e DRC

Os produtos avangados de oxidacao proteica (AOPPs) séo proteinas plasmaticas que se tornam
oxidadas como resultado da exposi¢cdo a ERO/ERN e sdo transportadas pela albumina na circulacéo
(FENG et al., 2017). A oxidagdo proteica pode ser encontrada em diversos disturbios, como diabetes,
sindrome metabdlica e DRC, sendo que neste Gltimo, desempenha um papel importante na progressao
da proteindria e da glomeruloesclerose. A mensuragdo da AOPP é uma opcéo laboratorial interessante
para quantificar o dano oxidativo/nitrosativo as proteinas plasmaticas (DENG et al., 2017; HUANG et
al., 2013).

As proteinas atuam ativamente como alvos, fontes e captadores de espécies reativas, sendo
que EROs e ERNs podem reagir mais rapidamente com proteinas (albumina, 8x10™ L/mol/s) ou
residuos proteicos (cisteina, 3,4x10™° L/mol/s; triptofano, 1,3x10° L/mol/s), de acordo com as
constantes de reagdo calculadas por (DAVIES, 2005).

A AOPP é considerada um marcador de EO/EN facilmente mensuravel, além de ser um
biomarcador simples e barato para estimar os niveis de EO/EN. Além disso, o acimulo de AOPP é um
fator de risco independente para eventos cardiovasculares na DRC, e em pacientes em hemodialise, 0s
niveis de AOPP apresentam associa¢do com doenca cardiaca isquémica (DZIEDZIC et al., 2017).

A oxidacao proteica € um fendbmeno complexo, pois as vias e a natureza dos produtos de
oxidacdo dependem dos alvos na proteina e de como as reagdes oxidativas se iniciam. Essa oxidagdo
pode causar modificagBes quimicas em cadeias laterais especificas de aminoacidos e/ou no esqueleto
peptidico, podendo levar a alteragdes nas propriedades fisicas das proteinas, incluindo fragmentacéo,
agregacdo, perda de solubilidade e funcionalidade e diminuigdo da susceptibilidade a protedlise
(ESTEVEZ; LUNA, 2016).
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A oxidagdo das proteinas leva a formagdo de derivados carbonilicos reativos, derivados
glicados e adutos com dialdeidos. O estudo de Muravlyova et al. (2015) encontrou um aumento na
concentracdo de derivados carbonilicos reativos a proteina no plasma e nos eritrocitos de pacientes
com doengas renais.

A carbonilacdo é uma modificagdo irreversivel em proteinas oxidadas induzidas por EO/EN.
As carbonilas podem ser formadas em proteinas por trés vias diferentes: i) oxidacdo direta das cadeias
laterais de aminoacidos alcalinos, como lisina, treonina e arginina; ii) a reagdo do grupo d-amino de
um aminoacido alcalino com acUcares redutores ou seus produtos de oxidacdo e iii) clivagem
oxidativa do esqueleto peptidico através da via de a-amidacdo ou a oxidacdo de cadeias laterais de
glutamil (ESTEVEZ; LUNA, 2016).

O aumento nos niveis de AOPPs na DRC foi relatado pela primeira vez por WITKO-
SARSAT et al., (1996) relacionando com a uremia e com a ativagdo do sistema renina-angiotensina
nas células epiteliais tubulares proximais através de uma via de sinalizagdo mediada por CD36 (CAO
et al., 2012). O acimulo de AOPPs plasmaticos pode induzir lesdo endotelial e apoptose de podécitos
através do receptor de produtos finais de glicagdo avancada (ZHOU et al., 2012).

Ao oxidar proteinas, o EO/EN as modifica irreversivelmente e a presenca de produtos de
oxidacdo proteica no plasma de pacientes com DRC indica os efeitos do EO/EN nas proteinas
plasmaticas. Além disso, 0 aumento dos niveis de AOPP leva a aceleracdo do processo aterosclerotico.
Estudos ja demonstraram que tanto nos estagios ndo dialiticos da DRC quanto nos pacientes que
realizam hemodidlise encontra-se um aumento dos niveis de oxidacdo de proteinas
(GRYSZCZYNSKA et al., 2017).

Os estudos de Feng e colaboradores (2017) sugeriram que 0 estresse oxidativo desempenha
um papel fundamental na DRC e que os AOPPs aumentam os niveis de estresse oxidativo renal em
pacientes diabéticos.

J& foi demonstrado que os niveis plasmaticos de AOPPs aumentam com a progressédo da DRC,
e estdo relacionadas com os produtos finais de glicacio avancada (ZADRAZIL et al., 2010). Além
disso, Witko-Sarsat, Gausson and Descamps-Latscha (2003) apresentaram dados que demonstram que
niveis elevados de AOPP sdo capazes de desencadear a sintese de citocinas em leucécitos, mondcitos e
neutrdfilos, e parecem agir como mediadores inflamatorios em pacientes com DRC. Nesse contexto,
foi demonstrado que células imunes, como mondcitos e neutrdfilos, sdo ativadas pela AOPP,
induzindo o burst respiratorio em neutrofilos in vitro (GARIBALDI et al., 2017).

As concentracGes de AOPPs foram encontradas elevadas em pacientes em hemodialise e em
diélise peritoneal. Da mesma forma, os niveis de AOPPs em pacientes com insuficiéncia renal ndo
dialisados também aumentaram em comparagdo a controles saudaveis, o que levou a inclusdo da
AOPP na familia de toxinas urémicas (GARIBALDI et al., 2017; WITKO-SARSAT; GAUSSON;
DESCAMPS-LATSCHA, 2003). Além disso, a capacidade de ativar fagdcitos e induzir a producdo de
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citocinas como interleucina-6 e fator de necrose tumoral sugere que a AOPP atue como mediador pro-
inflamatorio (WITKO-SARSAT et al., 1996).

Estudos sugerem que niveis elevados de AOPP podem ser observados no plasma de pacientes
com DRC nos estagios iniciais e que o aumento desses niveis estdo correlacionados positivamente
com a diminuicdo da fungdo renal (TANG et al., 2015).

O estudo de Wang e colaboradores (2014) demonstrou que os niveis e a distribuicdo da
expressdo de AOPPs no tecido renal estavam associados a inflamag&o celular tecidual em pacientes
com nefropatia por imunoglobulina A, apresentando les6es de grau relativamente baixo e fungéo renal
normal. Niveis mais elevados de expressdo de AOPP renal no momento do diagnéstico previram
independentemente o risco de progressdo rapida da DRC e progressao da fibrose renal.

Ensaios clinicos e pesquisas experimentais sugerem que os AOPPs estdo associados a
alteraces estruturais dependentes do estado redox, e associadas a nefropatias progressivas, incluindo
fibrose intersticial e atrofia tubular. Nesse contexto, AOPPs sdo mediadores patogénicos de muitos
distarbios, portanto, é importante entender como as AOPPs influenciam células, tecidos e 6rgaos em
condi¢des patologicas e fisiologicas (DENG et al., 2017).

Em funcgéo do exposto acima e dos estudos ja realizados com pacientes com DRC justifica-se
este trabalho devido a pouca atencdo voltada aos estagios iniciais da DRC bem como a subdivisao
correta e precisa dos estagios dessa doenca de acordo com o KDIGO “CKD Evaluation and
Management”. A maioria dos estudos estd relacionada ao estagio mais grave da DRC ou utiliza os
estagios iniciais e intermediarios como um Unico grupo, ndo conseguindo assim, caracterizar o perfil
bioguimico e de EO/EN de cada estagio da doenca.

Portanto, o objetivo deste estudo foi mensurar os niveis de biomarcadores de EO/EN e
parametros bioquimicos de pacientes com DRC nos estagios 3a, 3b e 4 comparando-0s entre si e entre
individuos saudaveis com a finalidade de verificar o quanto a DRC afeta os biomarcadores de EO/EN
bem como altera resultados laboratoriais de rotina nesses pacientes. Com esses resultados procura-se
obter um perfil de cada estadgio da DRC visando, futuramente, buscar novos tratamentos que auxiliem

na melhora da qualidade de vida desses pacientes.
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3. OBJETIVOS

3.1 OBJETIVO GERAL

Mensurar os niveis de EO/EN e parametros bioquimicos de pacientes com DRC nos estagios

ndo dialiticos 3a, 3b e 4 comparando-os entre si e entre individuos saudaveis.

3.2 OBJETIVOS ESPECIFICOS

o Avaliar pardmetros bioquimicos de 4&cido Urico, creatinina, proteinas totais, glicose,
homocisteina, perfil lipidico, proteina C reativa (PCR), aspartato aminotransferase (AST) e
alalina aminotransferase (ALT).

o Avaliar os niveis dos biomarcadores antioxidantes: grupamento sulfidrila (SH), paraoxonase-1
(PON-1), superoxido dismutase (SOD), catalase (CAT), glutationa total (GT) e glutationa
reduzida (GSH).

e Avaliar os niveis de biomarcadores prd-oxidantes: hidroperéxidos lipidicos (LOOH),
metabdlitos do oOxido nitrico (NOXx), produtos avangados de oxidacdo de proteinas (AOPP) e
glutationa oxidada (GSSG).
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4. METODOS
4.1. AMOSTRAGEM

Trata-se de um estudo caso-controle, aprovado pelo Comité de Etica em Pesquisa da
Universidade Estadual de Londrina - CAAE 67228117.1.0000.5231 - com uma amostra de 88
pacientes com DRC atendidos no ambulatorio de nefrologia do Ambulatério de Especialidades do
Hospital Universitario (AEHU-UEL) no periodo de abril 2018 a setembro de 2018. Todos o0s
participantes do estudo assinaram o termo de consentimento livre e esclarecido e foram informados
sobre 0 objetivo da pesquisa.

Os pacientes recrutados foram alocados em trés grupos, de acordo com a classificagdo de suas
TFG (3a, 3b e 4) e comparados entre si e a um grupo controle (n=23), sendo selecionados através de
grupos da terceira idade ou profissionais que atuam dentro da Universidade Estadual de Londrina. Foi
utilizado o célculo de MDRD para estimar a TFG dos pacientes e do grupo controle. Os individuos
com DRC e o grupo controle foram pareados de acordo com a idade, género e etnia.

Os critérios de inclusdo foram pacientes com DRC de ambos 0s sexos, idade > 18 anos em
plena condicédo cognitiva, sem apresentar comorbidades que impedissem a participagéo neste estudo e
que apresentem TFG de acordo com os estagios da DRC descritas acima. Foram excluidos do estudo,
pacientes que apresentam quadro de infeccdo viral crbnica, doenca autoimune e malignidade,
tratamento com antioxidantes ou anti-inflamatorio. Estas situacdes podem afetar a analise laboratorial
em processo inflamatério e/ou imunoldgico. Para o grupo controle os critérios de inclusdo foram
individuos de ambos os sexos, idade > 18 anos, em plena condigdo cognitiva, sem apresentar doenga
renal, quadro de infec¢do viral cronica, doenca autoimune ou malignidade e tratamento com
antioxidantes ou anti-inflamatdrios.

Os voluntérios realizaram exames de sangue para avaliagdo do EO e parametros bioquimicos.
Foram coletados 20 mL de sangue por pungdo venosa, de todos os voluntérios em jejum de no minimo
8 e no maximo 12 horas: 10 mL de sangue em tubos com vacuo (vacutainer®) contendo EDTA para
determinagdo das atividades da SOD, CAT, GSH, 5mL de sangue em tubos com vacuo (vacutainer®)
contendo fluoreto para a dosagem de glicose e 5mL de sangue tubos com vacuo (vacutainer®) sem
anticoagulante para a realizacdo dos testes para anélise dos parametros bioquimicos e de EO/EN. As
amostras foram centrifugadas durante 10 minutos a 8.568xg (g force) e o soro foi imediatamente
armazenado a -80 ° C. Amostras de sangue contendo EDTA foram lavadas trés vezes com 2 mL de
solucdo salina a 0,9% e armazenadas em freezer -80°C. Os ensaios de EO/EN foram realizados em

triplicata e o coeficiente de variagdo intra-ensaio foram inferiores a 10%.
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4.2. PARAMETROS BloQuimicos
As analises bioquimicas, acido Urico, creatinina, proteinas totais, glicose, perfil lipidico,,
Aspartato aminotransferase (AST) e Alanina aminotransferase (ALT) foram realizadas no aparelho
Dimension®, RxL (Deerfield, IL, EUA) através de kits. A avaliacdo dos niveis de PCR foi realizada
pelo equipamento Architect® C8000 (Abbott, EUA) e a avaliacdo dos niveis de homocisteina foram
realizadas pelo equipamento Architect® Plus i2000 SR (Abbott, EUA).

4.3. PARAMETROS DE ESTRESSE OXIDATIVO/NITROSATIVO

4.3.1.Determinacédo de Hidroperoxidos por Quimiluminescéncia (CL-LOOH)

A avaliacdo da formagdo de hidroperdxidos por quimiluminescéncia foi efetuada em uma
adaptacdo da técnica descrita por Flecha, Llesuy e Boveris (1991). A quimiluminescéncia estimulada
por t-butil foi empregada para analisar os niveis de hidroperdxidos presentes no soro. Este teste baseia-
se no consumo das defesas antioxidantes e a formacdo de hidroperéxidos resultando em um aumento
da emissdo de fotons, ou seja, em um aumento de quimiluminescéncia que esta relacionado com o
estresse oxidativo.

Este experimento foi realizado em luminometro Glomax (TD 20/20) 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
lipoperoxidacdo. Os resultados quantitativos foram obtidos ap6s a integracdo da area sobre a curva

utilizando o OriginLab 7.5 software.

4.3.2. Metabdlitos do Oxido Nitrico (NOXx)

A determinacdo da concentracdo de subprodutos do NOXx foi realizada pela técnica descrita por
Navarro-Gonzélez, Garcia-Benayas e Arenas (1998). O éxido nitrico € um gas muito instavel e
rapidamente se degrada nos subprodutos nitratos e nitritos, que podem ser detectados no soro. O
método de detecgdo baseia-se na reducdo de nitrato a nitrito, mediada por reacdes de dxido-redugdo
ocorridas entre o nitrato presente na amostra e o sistema cadimio-cobre dos reagentes, com posterior
diazotacdo e detecgdo colorimétrica do azocomposto formado pela adi¢do do reagente de Griess. A
quantificagdo de NOx foi feita em leitora de microplaca marca Perkin Elmer®, modelo EnSpire
(Waltham, MA, EUA) sendo as leituras feitas em 540 nm. A concentracdo de oxido nitrico foi

expressa em UM.

4.3.3.Determinacdo de Produtos Avancados de Oxidagéo de Proteinas (AOPP)
Para a quantificacdo do nivel de oxidacdo proteica no soro utilizou-se 0 método descrito por
Hanasand et al., (2012) e Witko-Sarsat et al., (1996). A reacdo foi realizada em meio acido (acido

acético), e na presenca de proteinas oxidadas na amostra ocorre a reagcdo com o iodeto de potassio dos
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reagentes que absorvem em 340 nm. A leitura da reacdo foi feita em uma leitora de microplaca marca
Perkin Elmer®, modelo EnSpire (Waltham, MA, EUA) no comprimento de onda de 340 nm. A

concentracdo de AOPP foi expressa em umoles/L de equivalente de cloramina T.

4.3.4.Determinacdo de Grupamento Sulfidrila (SH)

O grupamento SH de proteinas foi avaliado pelo método descrito previamente por Hu (1994)
e adaptado para microplaca por Taylan e Resmi (2010). O método de analise foi baseado na reacdo do
acido 5,5-ditiobis 2-nitrobenzdico (DTNB) com o grupo sulfidrila de proteinas. A leitura da reacéao foi
feita em um 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 M.

4.3.5.Determinacdo da atividade da paraoxonase 1 (PON-1)

A atividade total da PON-1 foi determinada pela formacdo de hidrolise do fenil-acetato
(fenol), baseado na metodologia descrita por Richter, Jarvik e Furlong (2008). A taxa de hidrélise de
fenil-acetato, foi determinada em uma leitora de microplacas, marca Perkin EImer®, modelo EnSpire
(Waltham, MA, EUA) no comprimento de onda de 270 nm, medidos durante 4 minutos (16 leituras
com intervalo de 15 segundos entre as leituras) com a temperatura mantida a 25°. A atividade foi
expressa em U/mL com base no coeficiente de extingdo molar do fenil-acetato que equivale a
1,31mMol/Lcm-1.

4.3.6.Determinacao da superoxido dismutase (SOD)

A atividade da enzima SOD nos eritrocitos foi determinada usando o método do pirogalol
descrita por Marklund e Marklund (1974). Esta técnica baseia-se na inibicdo que esta enzima
promove na auto-oxidagdo do pirogalol em solucdo aquosa. A quantidade de SOD que foi capaz de
inibir 50% da oxidagdo do pirogalol foi definida como uma unidade de atividade enzimética. A leitura
da reacdo da SOD foi feita em uma leitora de microplacas, marca Perkin Elmer®, modelo EnSpire
(Waltham, MA, EUA) com o comprimento de onda de 420 nm.

4.3.7.Determinacédo da Catalase (CAT)

A andlise da atividade da catalase foi através da medida do decaimento na concentracdo de
H,O, e geragdo de oxigénio, utilizando a técnica descrita por Aebi (1894). A leitura foi realizada em
uma leitora de microplacas, marca Perkin Elmer®, modelo EnSpire (Waltham, MA, EUA) no

comprimento de onda de 240 nm.
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4.3.8. Determinacdo de Glutationa Total (GT), Glutationa Reduzida (GSH) e Glutationa
Oxidada (GSSG)

A formacdo do TNB (&cido tionitrobenzdico) foi monitorada espectrofotometricamente em

412 nm através do sobrenadante adicionado em microplacas de fundo plano, resultante da reacdo de

duas moléculas de GSH e uma do &cido ditio-bis-nitrobenzoéico. Na presenca da glutationa redutase e

de NADPH, a GSSG resultante da primeira reagdo (ou aquele que ja estava presente na amostra) foi

reconvertida em GSH que é re-oxidada a GSSG formando mais TNB, e obtendo-se as quantidades de

GT presente na amostra. A quantidade de GSSG foi obtida por céalculo através da subtracdo da GT-
GSH/2, de acordo com (TIETZE, 1969; ANDERSON,1985).

4.4. ANALISE ESTATISTICA

O gerenciamento dos dados e a estatistica foram realizados com o SPSS Statistic® 20 (IBM,
Armonk, NY, EUA). Inicialmente, a distribuicdo normal (teste de Shapiro-Wilk) e a homogeneidade
da variancia (teste de Levene) foram verificadas. Se esses critérios foram atingidos (p > 0,05), as
variaveis foram avaliadas por analise de variancia (ANOVA) complementada com teste de Tukey ou
Dunnet T3. Os dados que ndo alcangaram distribuicdo normal e homogeneidade dos critérios de
variancia foram analisados pelo teste ndo paramétrico de Kruskal-Wallis complementado pelo teste de
Dunn. As associacOes entre dois sistemas categoricos foram verificadas usando analises de tabelas de
contingéncia (testes de qui-quadrado).

Medidas dos biomarcadores de EO, creatinina, homocisteina, proteina total e acido Urico como
variaveis dependentes e todos os grupos (CTL; 3a; 3b; 4), hipertensdo, diabetes e uso de estatina como
variaveis exploratérias foram avaliadas por analise GLM multivariada (MANOVA). Os resultados da
curva caracteristica de operacao do receptor (ROC) pela diferenca na area de otimizacdo sob a curva
foram usados para descrever e comparar a precisdo do diagnostico. Conclusdes foram estabelecidas
emp < 0,05.

Os Resultados estdo apresentados em forma de artigo cientifico que sera submetida a revista

Life Sciences, avaliada como B1 em Medicina I.
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5. RESULTADOS

Evaluation of oxidative/nitrosative stress and biochemical parameters in pre-dialitical patients
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Abstract:

Chronic kidney disease (CKD) is characterized by a progressive loss of renal function for more than 3
months accompanied by structural damage and inflammation. Oxidative and nitrosative stress
(OS/NS) is associated with the progression of the disease. Aims: Evaluate biochemical parameters,
and the involvement of OS/NS in the progression of CKD in pre-dialytic stages. Main methods: A
controlled study with a sample of 88 patients with CKD allocated in three groups, according to the
classification of their eGFR (3a, 3b and 4) and compared to each other and to a control group (n=23).
Were performed biochemical analyses of uric acid, creatinine, total proteins, glucose, homocysteine,
lipid profile, PCR, AST and ALT and OS/NS biomarkers (SOD, CAT, PON, GT, GSH, GSSG, NOx,
LOOH, SH, and AOPP). The results were considered significant p < 0.05. Key findings: The most
relevant result of this study was related to AOPP levels, which were increased according to the
progression of the disease between the stages, as well as when compared to the control. Comparing
stages 3a, 3b and 4 of CKD with control, a significant increase was also observed in the OS/NS
biomarkers SOD, GT, GSH and NOx. Significance: According the results it was possible to conclude
that there are differences between the stages of the disease and in relation to the control group in both
the OS/NS and the biochemical biomarkers.

Keywords: Advanced protein oxidation products; pre-dialytic; oxidative stress.
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Introduction

Chronic kidney disease (CKD) is a public health problem that affects men and women in any
age group [1]. CKD is associated with deleterious clinical outcomes, including increased risk of
infections and cardiovascular diseases [2]. The symptoms of CKD are usually non-specific, however,
some patients report clustering of symptoms such as drowsiness, pain, pruritus and dry skin [3].

There are different mechanisms that could explain the existence of high oxidative/nitrosative
stress (OS/NS) in patients with CKD. In this sense, OS/NS can be established as a disorder of
molecular and cellular functions, caused by an imbalance between the production of oxygen/nitrogen
reactive species (ROS/ RNS) and the antioxidant production capacity of the organism [4].

Increased production of ROS/RNS in CKD is mainly driven by activation and upregulation of
enzymatic ROS/RNS production, including isoforms of NADPH oxidase, cyclooxygenase-2,
lipoxygenase and mitochondrial dysfunction [5]. OS/NS appears to increase as CKD progresses and
correlates significantly with the level of renal function. OS/NS and inflammation play a central role in
the pathogenesis and progression of CKD [6].

Strategies can slow the progression of CKD and reduce the risk of mortality from
cardiovascular disease. These strategies include blood pressure control with agents that block the
renin-angiotensin pathway, glycemic control, and lipid-lowering agents, reducing the incidence of
atherosclerotic events [7].

Based on the above, the aim of this study was to evaluate biochemical parameters and evaluate
the involvement of OS/NS in this progression could elucidate some aspects of the physiopathology of
CKD in the pre-dialytic stages.

Materials and methods

Sampling

A controlled study was approved by the Research Ethics Committee of the State University of
Londrina (Brazil) - CAAE 67228117.1.0000.5231 - with a sample of 88 patients with CKD treated at
the nephrology outpatient clinic of the Hospital de Clinicas of the State University of Londrina (HC-
UEL) from January 2018 to September 2018. The patients recruited were allocated to three groups,
according to the classification of their estimated glomerular filtration rate - eGFR (3a, 3b and 4) and
compared to each other and to a control group (n = 23). The classification of the CKD stage was
performed according to the KDIGO - CKD Evaluation and Management (2012), and the eGFR were
performed through the calculation of Modification of Diet in Renal Disease (MDRD). Patients with
CKD and the control group were matched according to age, ethnicity, and gender.

Inclusion criteria of this study were patients of both sexes, age > 18 years old in full cognitive

status, without presenting comorbidities that prevent participation in this study and that present eGFR
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according to the desired classification. The inclusion criteria for the control group were individuals of
both sexes, age > 18 years in full cognitive condition, without presenting hypercholesterolemia and
diabetes, as well as, not to use statins. Patients and controls with a chronic viral infection, autoimmune
disease, treatment with antioxidants or anti-inflammatory drugs were excluded from the study.

Patients and the control group underwent blood tests to assess OS/NS and biochemical
parameters. The blood sample (20 mL) was collected by venipuncture from all volunteers, the samples
were centrifuged for 10 minutes at 8,568xg and the serum was immediately stored at -80°C. EDTA
blood (10 mL) samples were washed three times with 2 mL of 0.9% saline, and stored in a freezer -80
°C bhefore the laboratory analysis. OS/NS assays were performed in triplicate and the intra-assay

coefficient of variation was less than 10%.

Biochemical Parameters Analysis

Biochemical analyses of uric acid, creatinine, total proteins, glucose, homocysteine, lipid
profile, PCR, AST, and ALT were performed in a Biochemical Autoanalyzer Dimension®, RxL
(Deerfield, IL, USA). The evaluation of the CRP levels were performed by the Architect® C8000
equipment (Abbott, USA) and the homocysteine levels were evaluated by the Architect® Plus i2000
SR (Abbott, USA).

In vivo analysis of OE/NS biomarkers

Determination of hydroperoxides by chemiluminescence (CL-LOOH)

The evaluation of the formation of hydroperoxides by chemiluminescence [8] is defined
to t-butyl-stimulated chemiluminescence was employed to analyze the levels of hydroperoxides
present in serum. This test is based on the consumption of antioxidant defenses and the formation of
hydroperoxides resulting in an increase in the emission of photons. These analyses were performed in
a Glomax luminometer (TD 20/20 ). The entire experiment was carried out from the light to avoid

phosphorescence at 30 ° C for 60 minutes. The results were expressed in relative units of light (URL).

Nitric Oxide Metabolites (NOX)

The detection method is based on the reduction of nitrate to nitrite, mediated by
oxidation-reduction reactions occurring between the nitrate in the sample and the cadmium-copper
system of the reactants, with subsequent diazotization and colorimetric detection of the azocomposite
formed by the addition of the reagent of Griess [9]. NOx quantification was done on a Perkin EImer®
microplate reader, model EnSpire (Waltham, MA, USA) and the readings were made at 540 nm. The

NOx concentration was expressed in uM.
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Determination of advanced protein oxidation products (AOPP)

The reaction was carried out in acid medium (citric acid), and in the presence of oxidized
proteins in the sample, the reaction with the potassium iodide of the reagents that absorb at 340 nm
occurs [10,11]. The reaction was read on a Perkin Elmer® microplate reader, model EnSpire
(Waltham, MA, USA) at wavelength 340 nm. The concentration of AOPP was expressed in pmoles/L
of chloramine T-equivalent.

Determination of sulfhydryl group (SH)

The method of analysis is based on the reaction of 5,5-dithiobis-2-nitrobenzoic acid
(DTNB) with the sulfhydryl group of proteins [12]. The reaction was read in a Perkin Elmer®
microplate reader, model EnSpire (Waltham, MA, USA) with a wavelength of 412 nm. The results

were expressed in pM.

Determination of the activity of paraoxonase 1 (PON-1)

The total activity of PON-1 was determined by the hydrolysis formation of phenylacetate
(phenol) [13].The rate of phenylacetate hydrolysis was determined on a Perkin Elmer® microplate
reader, model EnSpire (Waltham, MA, USA) at wavelength 270 nm, measured over 4 minutes (16
readings ranging from 15 seconds between readings) with the temperature maintained at 25°. The
activity was expressed as U/mL based on the molar extinction coefficient of phenylacetate which is
equal to 1.31mMol/Lcm-1.

Determination of superoxide dismutase (SOD)

This technique is based on the inhibition that this enzyme promotes in the auto-oxidation
of pyrogallol in aqueous solution. The amount of SOD that was able to inhibit 50% of the pyrogallol
oxidation was defined as a unit of enzyme activity [14]. The SOD reaction was read on a Perkin

Elmer® microplate reader, model EnSpire (Waltham, MA, USA) with a wavelength of 420 nm.

Determination of Catalase (CAT)

The analysis of catalase activity was through the measurement of H202 decay and
oxygen generation [15].The reading was performed on a Perkin EImer® microplate reader, model
EnSpire (Waltham, MA, USA) at the wavelength of 240 nm.

Determination of Total Glutathione (GT), Reduced Glutathione (GSH) and Oxidized Glutathione
(GSSG)

The formation of TNB (thionitrobenzoic acid) was monitored spectrophotometrically at
412 nm through the supernatant added in flat bottom microplates, resulting from the reaction of two

reduced glutathione (GSH) molecules and one of dithio-bis-nitrobenzoic acid. In the presence of
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glutathione reductase and NADPH, the oxidized glutathione (GSSG) resulting from the first reaction
(or one already present in the sample) is reconverted into GSH which is reoxidized to GSSG forming
more TNB and obtaining the amounts of total glutathione (GT) in the sample. The amount of GSSG
was obtained by calculation through the subtraction of GT-GSH / 2 [16].

Statistical analysis
Data management and statistics were performed with the SPSS Statistic® 20 program
(IBM, Armonk, NY, USA). Initially, normal distribution (Shapiro-Wilk test) and homogeneity of
variance (Levene's test) were checked. If these criteria were reached (p > 0.05), variables were
evaluated by analyses of variance (ANOVA) complemented with Tukey test or Dunnet T3. Data that
did not reach normal distribution and homogeneity of variance criteria were analyzed by the non-
parametric test of Kruskal-Wallis complemented with Dunn's test. Associations between two
categorical systems were checked using analyses of contingency Tables (Chi-square tests).
Measurements of OS/NS and metabolic biomarkers, as dependent variables in all groups
(CTL,; 3a; 3b; 4), hypertension, diabetes and statin use as exploratory variables were assessed using
multivariate general linear model (GLM) analysis (MANOVA). The receiver operating characteristic
(ROC) curve results by the difference in optimizing area under the curve were used to describing and

comparing the accuracy of diagnostic. Conclusions were established at p < 0.05.
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Table 1 shows the socio-demographic data of the individuals in our study. There were no

significant differences in gender ratio, ethnicity and age among the groups but the ratio of subjects

with diabetes, hypertension, and statin use, differed between the control group, and pre-dialysis (3a, 3b

and 4) patients.

Table 1: Demographic data of the control and pre-dialytic groups.

F/X?

CTL (23) 3a (23) 3b (34) 4 (30) d.f. p
Age (years) 66.09+2.03 67.61+2.10 68.62+1.71 69.30£1.62 0.536 3/110  0.658
Gender (n)
Male (61) 12 (10.9%) 13(11.8%) 20 (18.2%) 16 (14.5%) 0.32 3 0.956
Female (49) 11 (10%) 10 (9.1%) 14 (12.7%) 14 (12.7%)
Ethnicity (n)
Caucasian (83) 15 (13.6%) 18 (16.4%) 27 (24.5%) 23 (20.9%) 171 3 0.635
No Caucasian (27) 8 (7.3%) 5 (4.5%) 7 (6.4%) 7 (6.4%)
Diabetic (n)
No (64) 23(20.9%) 10(9.1%) 19(17.3%) 12 (10.9%) 9579 3 <0£)01
Yes (46) 0 13 (11.8%) 15(13.6%) 18 (16.4%)
Hypertensive (n)
No (30) 20 (18.2%) 2 (1.8%) 7 (6.4%) 1 (0.9%) 5474 3 <0 ;901
Yes (80) 3(2.7%) 21(19.1%) 27 (24.5%) 29 (26.4%)
Use of statin (n)
No (68) 23(20.9%) 9(8.2%)  18(16.4%) 12 (16.4%) 39 3 <0 901
Yes (42) 0 14 (12.7%) 16 (14.5%) 18 (10.9%)

Values are shown as mean+SD. Chi X2 test. *p<0.05 compared CKD group (3a, 3b and 4) to control group.
CTL.: Control group, 3a, 3b and 4: chronic kidney disease stages.
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Table 2 shows the differences in the oxidative stress variables between control individuals and CKD patients. ANOVA indicated that, compared to the
pre-dyalitic groups, controls presented lower levels of SOD (F=11.72, df=3, p<0.001); GT (F=3.96, df=3, p<0.001); GSH (F=8.11, df=3, p=0.005); NOx
(F=12.40, df=3, p<0.001) and AOPP (F=16.78, df=3, p=0.005). Moreover, AOPP was higher in the CKD group 4 when compared to the 3a.

Table 2. Oxidative stress biomarkers in the pre-dialytic groups compared with control.

CTL (n=23) 3a (n=23) 3b (n= 34) 4 (n=30) F d.f. P

SOD (activity/gHb/min) 39.39+3.31 59.99+3.12" 65.36+3.071" 64.98+3.65 11.72 3 <0.001
CAT (activity/min/gHb) 53.84+3.61 59.06%2.57 58.46%2.84 58.73+2.88 0.55 3 0.645
PON-1 (U/mL) 191.59+10.21 187.05+9.01 177.89+7.60 174.567.47 0.84 3 0.473
GT (mM /gHb) ¢ 5.86+0.67 6.88+0.31 6.50+0.21 6.77+0.19° 3.96 3 <0.01
GSH (mM/gHb) ¢ 4.460.17 5.48+0.18" 5.27+0.17 5.57+0.15" 8.11 3 0.005
GSSG (mM/gHb) ¢ 1.32+0.62 0.61+0.05 0.61+0.04 0.59+0.33 0.30 3 0.824
NOXx (umol/L)? 5.85+0.33 9.60+1.03" 11.94+1.05 10.650.76 12.40 3 <0.001
LOOH (URL x 10% ¢ 1.6£0.13 1.49+0.09 1.60+0.12 1.54+0.16 0.26 3 0.850
SH (umol/L)* 329.75+12.97 349.08+6.27 340.72+8.53 325.41+8.97 1.42 3 0.239
AOPP (umol/L/eq. 63.36 8512 8847 127.66 161g 3 0.005
Cloramin T) (37.24-110.79)  (63.09-147.71) (57.67-277.01) (64.90-366.96)

Parametric data were analyzed with ANOVA complemented with Tukey or T3 Dunnet and are expressed as means * standard error. Non-
parametric data were analyzed by Kruskal-Wallis complemented with Dunn’s test and are expressed as Median (minimum-maximum
values). *different from CTL; # different from 3a; ¢ These variables were processed in Ln transformation. CTL: control; 3a. 3b and 4:
chronic kidney disease stages; SOD: superoxide dismutase; CAT: catalase; PON: paraoxonase; GT: Total glutathione; GSH: Reduced
Glutathione; GSSG: Oxidized Glutathione; NOx: nitric oxide metabolites; LOOH: Lipid hydroperoxides; SH: sulfhydryl groups; AOPP:
Advanced Protein Oxidation Products. URL: Unity relative of light.
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In Table 3, the biochemical markers are presented. Compared to the control, in glucose (F=20.32, df=3, p<0,01); uric acid (F=7.81, df=3, p<0.05);
total cholesterol (F=6.70, df=3, p<0.01); LDL (F= 7.66, df=3, p<0.001); triglycerides (F= 11.36, df=3, p=0.007); creatinine (F=192.63, df=3, p<0.01); eGFR
(F=333.62, df=3, p<0.001); RPC (F=3.68, df=3, p=0.02) and homocysteine (F=17.52, df=3, p<0.04) between control group and stages 3-4 CKD patients. The

analysis of oxidative stress between pre dialysis patients (Table 4) showed only significant differences in AOPP values (F=6.42, df=2, p<0,01);

Table 3. Biochemical markers in the pre-dialytic groups compared with control.

CTL (n=23) 3a (n=23) 3b (n=34) 4 (n=30) F df. P

Total protein (g/dL) 7.3610.07 7.37+£0.10 7.30£0.068 7.3510.09 0.17 3 0.91
Glucose (mg/dL) 95.00 (77.00-111.00) 111.00 (86.00-172.00)" 100.50 (62.00-254.00)  130.00 (48.00-386.00)"  20.32 3 <001
Uric acid (mg/dL) 5.10+0.25 6.73+0.43" 6.60+0.24 7.27+0.39 7.81 3 <005
Total cholesterol (mg/dL) 197.78+7.91 151.00+7.62" 156.79+7.02" 163.80+7.33" 6.71 3 <001
LDL (mg/dL) ¢ 126.04+6.64 85.68+6.84" 89.05+5.80" 88.03+4.77 7.66 3 <0.001
HDL (mg/dL) ¢ 49.43+2.42 48.56+1.86 46.90+2.25 45.90+2.42 0.69 3 0.560
Triglycerides (mg/dL) 94.0 (42.0-308.0) 104.0 (59.0-229.0) 109.0 (55.0-282.0) 161.0 (40.0-364.0)* 11.36 3 0.007
Creatinine (mg/dL) ¢ 0.95+0.03 1.29+0.03" 1.73+0.03" 2.54+0.08"% 19263 3 <0.01
eGFR (mL/min/1.73m?)  70.75+2.16 51.69+1.02" 37.00+0.62"* 23.38+0.72" & 33362 3  <0.001
CRP (mg/L)*? 2.40+0.39 2.66+0.47 5.24+1.06 5.73+1.04 3.68 3 002
AST (U/L)*® 19.52+1.48 20.52+0.93 20.53+1.14 23.09+1.78 1.13 3 0.340
ALT (U/L)? 26.57+2.16 28.56+1.65 29.67+1.78 33.35+2.78 1.32 3 0257
Homocysteine (umol/L)®  11.80+0.61 14.75+0.76 17.68+1.02" 20.35+0.97 " 17.52 3 <0.04

Parametric data were analyzed with ANOVA complemented with Tukey or T3 Dunnet and are expressed as means + standard error. Non-parametric data were
analyzed by Kruskal-Wallis complemented with Dunn’s test and are expressed as Median (minimum-maximum values). * different from control; # different
from 3a; & different from 3b. ¢ These variables were processed in Ln transformation. 3a. 3b and 4: chronic kidney disease stages; CTL: control; LDL: Low-
Density Lipoprotein; HDL: High-Density Lipoprotein; eGFR: Estimated glomerular filtration rate; CRP: Protein C reactive; AST: Aspartate Amino

Transferase; ALT: Alanine aminotransferase.
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In relation to the results only among the diseased stages, the single OS/NS marker that presented a
significant difference was AOPP (data not shown), presenting increased levels as the disease progresses
and presenting all different stages among them. Regarding the biochemical parameters, homocysteine was
increased in stage 4 of CKD when compared to stage 3a (data not shown).

In a multivariate GLM analysis with the 10 OS/NS biomarkers and 4 biochemical markers
(creatinine, homocysteine, total protein and uric acid) as dependent variables (Table 4) we found that
CKD diagnosis/stages, sex, diabetes, hypertension and use of statin were associated with alterations in
these Post-hoc univariate analyses showed that CKD diagnosis/stages was positively associated with uric
acid, creatinine, homocysteine, SOD activity, GSH, NO and, AOPP.

Table 4: Results of multivariate GLM analysis with 10 oxidative stress (O&NS) biomarkers,
creatinine, homocysteine, total protein and uric acid as dependent variables and, all groups (CTL;
3a; 3b; 4), hypertension, diabetes and statin use as exploratory variables.

Analysis Dependent variables Exploratory variables F d.f. P

Multivariate ~ Creatinine, homocysteine, pjagnosis 3.76 15  <0.001
total protein, uric acid and

all 10 O&NS variables Sex 261 150007
Diabetes 2.97 15 0.003
Hypertension 8.67 15 <0.001
Statin use 091 15 0.548
Univariate  yric acid (mg/dL) Diagnosis (CTL<3-4) 5.44 3 0002
Creatinine (mg/dL) Diagnosis (CTL<3-4) 17325 3 <0.001
Sex (F<M) 25.52 1 <0.001
Hypertension (+) 17.24 1 <0.001
Diabetes (+) 4.82 1 <0.001
Homocysteine (umol/L)  Diagnosis (CTL<3-4) 1669 3  <0.001
SOD (USOD/gHb/min)  Diagnosis (CTL<3-4) 1212 3 <0.001
GT (mM /gHb) Diagnosis (CTL<3-4) 6.71 3 <0.001
GSH (mM/gHb) Diagnosis (CTL<3-4) 8.45 3 <0.001
Sex (F<M) 4.76 1 0.033
NOx (umol/L) Diagnosis (CTL<3b;4) 4.57 3 0.006
AOPP (umol/L) Diagnosis

(CTL<3b;4/3a;3b<4) 1049 3 <0.05

O&NS: Oxidative and nitrosative stress; SOD: superoxide dismutase; GT: Total glutathione; GSH:
Reduced Glutathione; NOX: nitric oxide metabolites; AOPP: Advanced Protein Oxidation Products.
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Figure 1: ROC curve of AOPP and Homocysteine in patients with CKD in the pre-dialytic stages 3a, 3b 3 4.
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The results from receiver operating characteristic (ROC) analysis, which indicate is a way of representing the relationship between the sensitivity and

specificity of a quantitative diagnostic test, are presented with the area under the curve (AUC). Homocysteine reached significance (AUC+ standard error) of

0.25+0.06, p=0.002 in stage 3a, and 0.70+0.005, p=0.005 in stage 4. The AUC values of AOPP presented a significant difference only in stage 4, presenting
values of 0.70+0.06, p=0.004.
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Discussion

The main finding of this study was the AOPP is an important biomarker of OS/NS in
CKD, and it is significantly increased along the disease progression to stages 3a, 3b and 4. In
addition, AOPP presented expressive results as OS/NS biomarker related to specificity and
sensitivity, especially in the more advanced stages of the disease. OS/NS modifies proteins
irreversibly and the rise of AOPP in the plasma of patients with CKD indicates the effects of
this phenomena highlighting the importance of protein oxidation during the development of
CKD [17].

In addition, the AOPP also presented a good result in the ROC analysis, emphasizing
the relation of the test performed with the CKD. AOPP is considered to be a good marker for
OS/NS because of its role in the pathophysiology of CKD and the complications that the
increase in these products can cause, once it is an independent risk factor for cardiovascular
events [18].

In the study by Gryszczynska et al. (2017), it was found that in CKD both in the non-
dialytic stages and in the dialytic stages of the disease there is an increase in the formation of
AOPP [17]. Increased AOPP levels and the accumulation of these products generated by
OS/NS lead to the acceleration of atherosclerosis [17]. The study by Zuo and Yu (2018) also
found increased AOPP levels in patients with diabetic CKD compared to controls with respect
to antioxidants defenses [19].

When comparing stages 3a, 3b and 4 of CKD with control subjects we checked a
significant increase in the antioxidant biomarkers of GSH, GT, and SOD as well as an
increase in the levels of the pro-oxidative biomarkers NOx and AOPP. This result of
increased antioxidant substances can be interpreted as a response of the organism to the
increase of oxidative compounds, in order to compensate for the damage caused by them.

GSH is a tripeptide molecule found in normal cells in vivo that has antioxidant
properties, such as the removal of oxygen ions and other reactive species [19]. This fact can
be explained because, in the intermediates stages of the disease, the organism can increase the
production of antioxidant substances in order to combat the OS/NS. The study by Bober et al.
(2010) found GSH levels increased in stage 4 of the CKD when compared to control
individuals [20].

SOD is a defense enzyme against oxidant species, responsible for the conversion
of the superoxide anion into oxygen and hydrogen peroxide. In this study it was increased

when compared to control. However, Sahni, Gupta, and Bhalla (2012) reported that SOD
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levels were significantly decreased in patients with CKD in stages 3b to 5, when compared to
control subjects. In addition, CAT was decreased in the severe and moderate CKD groups
when compared to the control group, which could not be observed in our results [21]. This
difference in these results can be explained because the mentioned study used different stages
in the same group to carry the analyses out. The same situation can be verified in the study by
Xu et al., (2015) and Chen et al., (2016) where SOD also presented decreased levels in
patients in the pre-dialytic stages [6,22].

PON-1 is a protein that has the ability to hydrolyze organophosphorus compounds
such as paraoxon and carboxylic esters such as phenylacetate, and has peroxidase activity. It
is found in plasma HDL and can protect LDL from oxidation, thus possessing antioxidant
activity [23,24]. In this study, it was not possible to observe a significant difference in PON-1
levels in stages 3a, 3b and 4 of CKD compared to control individuals. Corroborating these
results, the Samouilidou et al,. (2018) also report no significant differences in PON-1 levels
when comparing control subjects to pre-dialytic CKD patients from 1 to 5 [24].

Regarding NOx, Bahadoran et al., (2016) also found increased levels in patients
with CKD (eGFR <60mL/min/1.73 m2) when compared to subjects controls. In addition, they
demonstrated a direct association between serum NOx and CKD [25]. The progression of
intermediate CKD to more advanced stages is related to the increase in OS/NS in these
patients [26]. This was possible to observe with our results, however, levels of PON, GSSG,
LOOH and SH did not show significant divergence between the different stages of CKD
when compared to control individuals.

High concentrations of uric acid have the potential to cause renal damage and may
be associated as a cause of insulin resistance and hypertension, which are risk factors for
CKD [27]. In these patients renal clearance is decreased, leading to the accumulation of
uremic solutes, known as uremic toxins, which are organic compounds too bulky to be filtered
by the kidneys, or are bound to proteins [28].

The levels of total cholesterol and LDL were decreased in the patients compared
to control. This result can be explained by the fact that patients use statins to control the lipid
profile and control subjects do not use this type of medication. Uzun et al., (2008)
demonstrated that total cholesterol did not present significant difference in stage 4 to 5 in
CKD patients compared to control subjects [29]. The study of Papavasiliou et al., (2005)
showed that the total cholesterol of the patients in stages 3 to 5 was increased in comparison
to healthy individuals used as controls. In addition, the same study did not find significant

differences in LDL and HDL levels compared to control group [30]. According to
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Samouilidou et al., (2018) LDL values did not show a significant difference between CKD
patients in stages 1 to 5 compared to individuals who were not ill [24]. In accordance with our
study, another study also found decreased total cholesterol and LDL compared to healthy
subjects in stages 2 to 3 [22]. The difference in the results of these studies to ours can be
justified by the union of the stages of the disease.

Total protein, HDL, AST, and ALT did not present significant differences
between CKD patients and control. A study also found no significant difference in total
protein values, comparing CKD in the early and advanced stages to the control group [21].
Regarding glucose levels, our study found a significant increase in groups 3a and 4 when
compared to the control group. Chen et al., (2016) reported that levels of glucose were
significantly increased in patients in stages 2 to 3 compared to control [22].

CRP presented a significant increase only in group 4 compared to control. A
possible explanation for this result is that CKD patients in more advanced stages have more
comorbidities that contribute to the increase of the inflammation state. Uzun et al., (2008)
demonstrated that CRP was increased in patients with stage 4 to 5 CKD when compared to
healthy subjects [29]. In the other hand, Chen et al., (2016) demonstrated that CRP did not
present significant difference in stage 2 and 3 patients when compared to controls,
corroborating to our results [22].

Triglyceride values were increased only in stage 4 of CKD when compared to
control subjects. Increased triglyceride levels are commonly found in patients with CKD. This
increase might mean, among other things, the presence of remaining chylomicrons, which has
the capacity to penetrate the vascular endothelium, contributing to the atherosclerotic process
[31]. In the study by Papavasiliou et al., (2005) it was found that patients in stages 3 to 5
presented increased triglyceride values when compared to healthy individuals [30]. Zuo and
Yu (2018) also found significantly increased triglyceride levels in diabetic CKD patients
when compared to control group [19]. In this context, the triglyceride levels of CKD patients
in stages 2 to 3 did not present significant values when compared to control subjects, as
reported by Chen et al., (2016), corroborating our results [22].

Homocysteine is an amino acid that is not involved in protein synthesis, being an
intermediate in the metabolism of methionine [32]. In our study homocysteine presented high
levels in CKD patients compared to control group, as well as between stages 3a and 4 of the
disease. High levels of homocysteine are found in patients with CKD and are associated with

vascular problems in these patients. According to Chen et al., (2016) CKD patients in stages 2
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to 3 presented increased homocysteine values when compared to the healthy control group
[22].

The increase in homocysteine levels is found in approximately 85% of CKD
patients, which can be explained by impaired renal metabolism and decreased renal excretion
[33]. In a cohort study, Ye et al., (2016) found the prevalence of high homocysteine in 1042
individuals [33]. Homocysteine exerts a series of pathogenic actions in vascular processes,
which are already aggravated in CKD patients. It is able to induce OS and acts as an
antagonist to the vasodilatory properties of endothelial nitric oxide [32].

Regarding the diagnosis of CKD, creatinine is increased in men when compared
to women and has a positive correlation with hypertension and diabetes. Diabetes can damage
glomerular blood vessels and the first sign of a kidney problem is the presence of proteinuria.

About one-third of diabetic people may eventually develop CKD [34].

Conclusion

According the results, it was possible to conclude that CKD has a high impact on
the biochemical and OS/NS changes compared to people who are not ill and that these
alterations imply the worsening of the disease. In addition, it was possible to verify that even
with the increase of reactive species and the OS/NS, the organism has a tendency to protect
itself, increasing its antioxidant defenses in order to avoid or repair the damage caused by the
aggressive agents.

At last, AOPP presented itself as a good OS/NS marker for these patients and
should get greater attention from the scientific community in order to study it more deeply in
the non-dialytic stages of CKD.
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6. CONSIDERACOES FINAIS

A DRC tem alto impacto nas alteracBes bioquimicas verificadas neste estudo e que essas
alteragOes corroboram estudos realizados anteriormente com esses pacientes.

Além disso, o EO/EN apresentou-se como um fator presente nos pacientes com DRC
quando comparadas a individuos saudaveis. Essas alteracdes implicam no agravamento da doenga.
Entretanto, foi possivel verificar também que apesar de alguns marcadores de EO/EN apresentarem-se
aumentados, outros do sistema antioxidante também se apresentaram elevados. Isso significa que o
organismo dos individuos com DRC nos estégios iniciais e intermediarios, possuem uma tendéncia de
se proteger, aumentando suas defesas antioxidantes, a fim de evitar ou reparar 0s danos causados pelas
especies reativas.

Nesse contexto, a AOPP apresentou-se como um importante biomarcador de EO/EN para
0s pacientes com DRC, exibindo resultados elevados tanto quando comparados com individuos
saudaveis como entre os estagios 3a, 3b e 4 ou seja apresentou elevagfes conforme a progressdo da
doenca. Dessa forma, novos estudos deverdo ser realizados para a comprovagdo da utilizacdo do
biomarcador AOPP como ferramenta no acompanhamento da evolucdo da DRC bem como no

tratamento.
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sponsor(s), if any, in study design; in the collection, analysis and interpretation of data;
in the writing of the report; and in the decision to submit the article for publication. If the
funding source(s) had no such involvement then this should be stated.

Funding body agreements and policies

Elsevier has established a humber of agreements with funding bodies which allow authors
to comply with their funder's open access policies. Some funding bodies will reimburse
the author for the gold open access publication fee. Details of existing agreements are
available online.

Open access
This journal offers authors a choice in publishing their research:

Subscription

¢ Articles are made available to subscribers as well as developing countries and patient
groups through our universal access programs.

¢ No open access publication fee payable by authors.

e The Author is entitled to post the accepted manuscript in their institution's repository
and make this public after an embargo period (known as green Open Access). The
published journal article cannot be shared publicly, for example on ResearchGate or
Academia.edu, to ensure the sustainability of peerreviewed research in journal
publications. The embargo period for this journal can be found below.

Gold open access
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e Articles are freely available to both subscribers and the wider public with permitted
reuse.

¢ A gold open access publication fee is payable by authors or on their behalf, e.g. by their
research funder or institution. Regardless of how you choose to publish your article, the
journal will apply the same peer review criteria and acceptance standards. For gold open
access articles, permitted third party (re)use is defined by the following Creative
Commons user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised
versions, adaptations or derivative works of or from an article (such as a translation),
include in a collective work (such as an anthology), text or data mine the article, even for
commercial purposes, as long as they credit the author(s), do not represent the author
as endorsing their adaptation of the article, and do not modify the article in such a way
as to damage the author's honor or reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include
in a collective work (such as an anthology), as long as they credit the author(s) and
provided they do not alter or modify the article. The gold open access publication fee for
this journal is USD 3400, excluding taxes. Learn more about Elsevier's pricing policy:
https://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number
of green open access options available. We recommend authors see our open access
page for further information. Authors can also self-archive their manuscripts immediately
and enable public access from their institution's repository after an embargo period. This
is the version that has been accepted for publication and which typically includes author-
incorporated changes suggested during submission, peer review and in editor-author
communications. Embargo period: For subscription articles, an appropriate amount of
time is needed for journals to deliver value to subscribing customers before an article
becomes freely available to the public. This is the embargo period and it begins from the
date the article is formally published online in its final and fully citable form. Find out
more. This journal has an embargo period of 12 months.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-
career researchers throughout their research journey. The "Learn" environment at
Researcher Academy offers several interactive modules, webinars, downloadable guides
and resources to guide you through the process of writing for research and going through
peer review. Feel free to use these free resources to improve your submission and
navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a
mixture of these). Authors who feel their English language manuscript may require
editing to eliminate possible grammatical or spelling errors and to conform to correct
scientific English may wish to use the English Language Editing service available from
Elsevier's WebShop.

Submission

Submission to this journal proceeds totally online. Use the following guidelines to prepare
your article. Via the homepage of this journal (https://www.elsevier.com/journals) you
will be guided stepwise through the creation and uploading of the various files. The
system automatically converts source files to a single Adobe Acrobat PDF version of the
article, which is used in the peer-review process. Please note that even though
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manuscript source files are converted to PDF at submission for the review process, these
source files are needed for further processing after acceptance. All correspondence,
including notification of the Editor's decision and requests for revision, takes place by e-
mail and via the author's page in EES, removing the need for a hard-copy paper trail.
Specific queries can be directed to lifesci@elsevier.com.

Referees

To expedite the review process, authors must submit names of 4 - 6 individuals who are
qualified to review their work. Include the email address of each potential referee, as
much contact information as possible, and why you feel this person is competent to
review your work. You should not have collaborated with the suggested reviewers at any
time in the past five years. In our effort to enhance global perspective and
communication of science, these individuals should be associated with institutions from
as many different regions as possible (Europe, North America, Asia, etc.). Exception:
Symposium submissions which have been previously reviewed and approved by their
Organizing Committee.

PREPARATION

NEW SUBMISSIONS

Submission to this journal proceeds totally online and you will be guided stepwise
through the creation and uploading of your files. The system automatically converts your
files to a single PDF file, which is used in the peer-review process. As part of the Your
Paper Your Way service, you may choose to submit your manuscript as a single file to be
used in the refereeing process. This can be a PDF file or a Word document, in any format
or layout that can be used by referees to evaluate your manuscript. It should contain
high enough quality figures for refereeing. If you prefer to do so, you may still provide all
or some of the source files at the initial submission. Please note that individual figure files
larger than 10 MB must be uploaded separately.

References

There are no strict requirements on reference formatting at submission. References can
be in any style or format as long as the style is consistent. Where applicable, author(s)
name(s), journal title/ book title, chapter title/article title, year of publication, volume
number/book chapter and the article number or pagination must be present. Use of DOI
is highly encouraged. The reference style used by the journal will be applied to the
accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the
essential elements needed to convey your manuscript, for example Abstract, Keywords,
Introduction, Materials and Methods, Results, Conclusions, Artwork and Tables with
Captions. If your article includes any Videos and/or other Supplementary material, this
should be included in your initial submission for peer review purposes. Divide the article
into clearly defined sections.

Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to the
relevant text in the manuscript, rather than at the bottom or the top of the file. The
corresponding caption should be placed directly below the figure or table.

Peer review

This journal operates a double blind review process. All contributions will be initially
assessed by the editor for suitability for the journal. Papers deemed suitable are then
typically sent to a minimum of two independent expert reviewers to assess the scientific
quality of the paper. The Editor is responsible for the final decision regarding acceptance
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or rejection of articles. The Editor's decision is final. More information on types of peer
review.

Double-blind review

This journal uses double-blind review, which means the identities of the authors are
concealed from the reviewers, and vice versa. More information is available on our
website. To facilitate this, please include the following separately:

Title page (with author details): This should include the title, authors' names, affiliations,
acknowledgements and any Declaration of Interest statement, and a complete address
for the corresponding author including an e-mail address.

Blinded manuscript (no author details): The main body of the paper (including the references,
figures, tables and any acknowledgements) should not include any identifying
information, such as the authors' names or affiliations.

Language

Please write your text in good English (American or British usage is accepted, but not a
mixture of these). For language assistance, please see Language Services, above. Use
decimal points (not decimal commas); use a space for thousands (10 000 and above).

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us
with an editable file of the entire article. Keep the layout of the text as simple as
possible. Most formatting codes will be removed and replaced on processing the article.
The electronic text should be prepared in a way very similar to that of conventional
manuscripts (see also the Guide to Publishing with Elsevier). See also the section on
Electronic artwork. To avoid unnecessary errors you are strongly advised to use the
'spell-check' and 'grammar-check' functions of your word processor.

Organization of the manuscript

Beginning with the first page, present your manuscript in the order below:

1. Title: First letter capitalized, subsequent letters in lower case. Maximum length 150
characters including spaces. Avoid abbreviations.

2a. Names of all authors.

2b. Affiliations of all authors. If necessary, use superscripted lowercase letters after the
author's name to distinguish affiliations.

3. Author to whom proofs and correspondence should be sent, including name, mailing
address, telephone and fax numbers, and e-mail address.

4. A structured abstract has to be submitted for full length articles (not for reviews) of no
more than 250 words. The following headings must be used:

Aims:

Main methods:

Key findings:

Significance:

5. Three or more key words for indexing purposes. In addition to key words from the
title, please suggest other terms that help define the study. We encourage authors to
test the relevance of their key words by using them for a database search and comparing
the results with the topic of their own paper.

Word limits: In full papers, individual sections should be no longer than Abstract 250
words, Introduction 500 words, Discussion 1500 words, Conclusion 150 words. Materials
and Methods and Results sections should be concise but there is no formal word limit.
Headings: Papers must include the major headings Abstract, Introduction, Materials and
Methods, Results, Discussion, Conclusion, Acknowledgments, and References. Include
subheadings as appropriate. Review articles must contain Abstract and Introduction, with
subsequent headings and subheadings as appropriate.
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Introduction
State the objectives of the work and provide an adequate background, avoiding a
detailed literature survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent
researcher. Methods that are already published should be summarized, and indicated by
a reference. If quoting directly from a previously published method, use quotation marks
and also cite the source. Any modifications to existing methods should also be described.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. Avoid
extensive citations and discussion of published literature.

Conclusions

Present the conclusions of the study in a short Conclusions section.

The Graphical Abstract is optional for research articles, but mandatory for reviews. GAs
should summarize the contents of the article in a concise, pictorial form designed to
capture the attention of a wide readership online. Graphical abstracts should be
submitted as a separate file in the online submission system. Refer to the following
website for more information

https://www.elsevier.com/graphicalabstracts.

Abbreviations

Abbreviations must be explained the first time they are used, both in the Abstract and
again in the main text. Abbreviations used as names of cell lines do not need to be
explained, but the species and tissue of origin should be made clear in text the first time
the cell line is mentioned. Examples: "the human colonic adenocarcinoma cell line Caco-
2" or "the porcine renal endothelial cell line LLC-PK1".

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the
references and do not, therefore, include them on the title page, as a footnote to the title
or otherwise. List here those individuals who provided help during the research (e.g.,
providing language help, writing assistance or proof reading the article, etc.). Please note
that funding information must appear under the Acknowledgments heading.

Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's
requirements: Funding: This work was supported by the National Institutes of Health
[grant numbers xxxx, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant
number zzzz]; and the United States Institutes of Peace [grant number aaaa]. It is not
necessary to include detailed descriptions on the program or type of grants and awards.
When funding is from a block grant or other resources available to a university, college,
or other research institution, submit the name of the institute or organization that
provided the funding. If no funding has been provided for the research, please include
the following sentence: This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article.
Many word processors build footnotes into the text, and this feature may be used. Should
this not be the case, indicate the position of footnotes in the text and present the
footnotes themselves separately at the end of the article.
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Artwork

Electronic artwork

General points

e Make sure you use uniform lettering and sizing of your original artwork.

e Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

e Number the illustrations according to their sequence in the text.

¢ Use a logical naming convention for your artwork files.

¢ Indicate per figure if it is a single, 1.5 or 2-column fitting image.

e For Word submissions only, you may still provide figures and their captions, and tables
within a single file at the revision stage.

e Please note that individual figure files larger than 10 MB must be provided in separate
source files.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.

Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save
as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):
EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'. TIFF (or
JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.
TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi. TIFF (or JPG):
Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi is
required.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the
resolution is too low.

e Supply files that are too low in resolution.

e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or
PDF), or MS Office files) and with the correct resolution. If, together with your accepted
article, you submit usable color figures then Elsevier will ensure, at no additional charge,
that these figures will appear in color online (e.g., ScienceDirect and other sites)
regardless of whether or not these illustrations are reproduced in color in the printed
version. For color reproduction in print, you will receive information regarding the costs from
Elsevier after receipt of your accepted article. Please indicate your preference for color: in
print or online only. Further information on the preparation of electronic artwork.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on
the figure itself) and a description of the illustration. Keep text in the illustrations
themselves to a minimum but explain all symbols and abbreviations used.

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list
(and vice versa). Any references cited in the abstract must be given in full. Unpublished
results and personal communications are not recommended in the reference list, but may
be mentioned in the text. If these references are included in the reference list they
should follow the standard reference style of the journal and should include a substitution
of the publication date with either 'Unpublished results' or 'Personal communication'.
Citation of a reference as 'in press' implies that the item has been accepted for
publication.

Reference links



65

Increased discoverability of research and high quality peer review are ensured by online
links to the sources cited. In order to allow us to create links to abstracting and indexing
services, such as Scopus, CrossRef and PubMed, please ensure that data provided in the
references are correct. Please note that incorrect surnames, journal/book titles,
publication year and pagination may prevent link creation. When copying references,
please be careful as they may already contain errors. Use of the DOI is highly
encouraged. A DOI is guaranteed never to change, so you can use it as a permanent link
to any electronic article. An example of a citation using DOI for an article not yet in an
issue is: VanDecar J].C., Russo R.M.,M James D.E., Ambeh W.B., Franke M. (2003).
Aseismic continuation of the Lesser Antilles slab beneath northeastern Venezuela. Journal
of Geophysical Research, https://doi.org/10.1029/2001JB000884. Please note the format
of such citations should be in the same style as all other references in the paper.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by
citing them in your text and including a data reference in your Reference List. Data
references should include the following elements: author name(s), dataset title, data
repository, version (where available), year, and global persistent identifier. Add [dataset]
immediately before the reference so we can properly identify it as a data reference. The
[dataset] identifier will not appear in your published article.

Reference management software

Most Elsevier journals have their reference template available in many of the most
popular reference management software products. These include all products that
support Citation Style Language styles, such as Mendeley. Using citation plug-ins from
these products, authors only need to select the appropriate journal template when
preparing their article, after which citations and bibliographies will be automatically
formatted in the journal's style. If no template is yet available for this journal, please
follow the format of the sample references and citations as shown in this Guide. If you
use reference management software, please ensure that you remove all field codes
before submitting the electronic manuscript. More information on how to remove field
codes from different reference management software. Users of Mendeley Desktop can
easily install the reference style for this journal by clicking the following link:
http://open.mendeley.com/use-citation-style/life-sciences When preparing your
manuscript, you will then be able to select this style using the Mendeley plugins for
Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can
be in any style or format as long as the style is consistent. Where applicable, author(s)
name(s), journal title/ book title, chapter title/article title, year of publication, volume
number/book chapter and the article number or pagination must be present. Use of DOI
is highly encouraged. The reference style used by the journal will be applied to the
accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct. If you do wish to format the references yourself
they should be arranged according to the following examples:

Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The actual
authors can be referred to, but the reference number(s) must always be given. Example:
L as demonstrated [3,6]. Barnaby and Jones [8] obtained a different result ....'

List: Number the references (numbers in square brackets) in the list in the order in which
they appear in the text.

Examples:

Reference to a journal publication:

[1] J. van der Geer, J.A.]. Hanraads, R.A. Lupton, The art of writing a scientific article, J.
Sci. Commun. 163 (2010) 51-59. https://doi.org/10.1016/j.5¢.2010.00372.
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Reference to a journal publication with an article number:

[2] Van der Geer, J., Hanraads, J.A.]., Lupton, R.A., 2018. The art of writing a scientific
article. Heliyon. 19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

[3] W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New York,
2000.

Reference to a chapter in an edited book:

[4] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in:
B.S. Jones, R.Z. Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc., New
York, 2009, pp. 281-304.

Reference to a website:

[5] Cancer Research UK, Cancer statistics reports for the UK.
http://www.cancerresearchuk.org/ aboutcancer/statistics/cancerstatsreport/, 2003
(accessed 13 March 2003).

Reference to a dataset:

[dataset] [6] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for Japanese
oak wilt disease and surrounding forest compositions, Mendeley Data, v1, 2015.
https://doi.org/10.17632/xwj98nb39r.1.

Video

Elsevier accepts video material and animation sequences to support and enhance your
scientific research. Authors who have video or animation files that they wish to submit
with their article are strongly encouraged to include links to these within the body of the
article. This can be done in the same way as a figure or table by referring to the video or
animation content and noting in the body text where it should be placed. All submitted
files should be properly labeled so that they directly relate to the video file's content. . In
order to ensure that your video or animation material is directly usable, please provide
the file in one of our recommended file formats with a preferred maximum size of 150
MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect.
Please supply 'stills' with your files: you can choose any frame from the video or
animation or make a separate image. These will be used instead of standard icons and
will personalize the link to your video data. For more detailed instructions please visit our
video instruction pages. Note: since video and animation cannot be embedded in the
print version of the journal, please provide text for both the electronic and the print
version for the portions of the article that refer to this content.

Data visualization

Include interactive data visualizations in your publication and let your readers interact
and engage more closely with your research. Follow the instructions here to find out
about available data visualization options and how to include them with your article.

Supplementary material

Supplementary material such as applications, images and sound clips, can be published
with your article to enhance it. Submitted supplementary items are published exactly as
they are received (Excel or PowerPoint files will appear as such online). Please submit
your material together with the article and supply a concise, descriptive caption for each
supplementary file. If you wish to make changes to supplementary material during any
stage of the process, please make sure to provide an updated file. Do not annotate any
corrections on a previous version. Please switch off the 'Track Changes' option in
Microsoft Office files as these will appear in the published version.

Research data

This journal encourages and enables you to share data that supports your research
publication where appropriate, and enables you to interlink the data with your published
articles. Research data
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refers to the results of observations or experimentation that validate research findings.
To facilitate reproducibility and data reuse, this journal also encourages you to share
your software, code, models, algorithms, protocols, methods and other useful materials
related to the project. Below are a number of ways in which you can associate data with
your article or make a statement about the availability of your data when submitting your
manuscript. If you are sharing data in one of these ways, you are encouraged to cite the
data in your manuscript and reference list. Please refer to the "References" section for
more information about data citation. For more information on depositing, sharing and
using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your
article directly to the dataset. Elsevier collaborates with a number of repositories to link
articles on ScienceDirect with relevant repositories, giving readers access to underlying
data that gives them a better understanding of the research described.

There are different ways to link your datasets to your article. When available, you can
directly link your dataset to your article by providing the relevant information in the
submission system. For more information, visit the database linking page. For supported
data repositories a repository banner will automatically appear next to your published
article on ScienceDirect. In addition, you can link to relevant data or entities through
identifiers within the text of your manuscript, using the following format: Database: xxxx
(e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data
(including raw and processed data, video, code, software, algorithms, protocols, and
methods) associated with your manuscript in a free-to-use, open access repository.
During the submission process, after uploading your manuscript, you will have the
opportunity to upload your relevant datasets directly to Mendeley Data. The datasets will
be listed and directly accessible to readers next to your published article online. For more
information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or additional
raw data into one or multiple data articles, a new kind of article that houses and
describes your data. Data articles ensure that your data is actively reviewed, curated,
formatted, indexed, given a DOI and publicly available to all upon publication. You are
encouraged to submit your article for Data in Brief as an additional item directly alongside
the revised version of your manuscript. If your research article is accepted, your data
article will automatically be transferred over to Data in Brief where it will be editorially
reviewed and published in the open access data journal, Data in Brief. Please note an open
access fee of 500 USD is payable for publication in Data in Brief. Full details can be found
on the Data in Brief website. Please use this template to write your Data in Brief.
MethodsX You have the option of converting relevant protocols and methods into one or
multiple MethodsX articles, a new kind of article that describes the details of customized
research methods. Many researchers spend a significant amount of time on developing
methods to fit their specific needs or setting, but often without getting credit for this part
of their work. MethodsX, an open access journal, now publishes this information in order
to make it searchable, peer reviewed, citable and reproducible. Authors are encouraged
to submit their MethodsX article as an additional item directly alongside the revised
version of their manuscript. If your research article is accepted, your methods article will
automatically be transferred over to MethodsX where it will be editorially reviewed.
Please note an open access fee is payable for publication in MethodsX. Full details can be
found on the MethodsX website. Please use this template to prepare your MethodsX
article.

Data statement
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To foster transparency, we encourage you to state the availability of your data in your
submission. This may be a requirement of your funding body or institution. If your data is
unavailable to access or unsuitable to post, you will have the opportunity to indicate why
during the submission process, for example by stating that the research data is
confidential. The statement will appear with your published article on ScienceDirect. For
more information, visit the Data Statement page.

AFTER ACCEPTANCE

Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing system,
allowing annotation and correction of proofs online. The environment is similar to MS
Word: in addition to editing text, you can also comment on figures/tables and answer
questions from the Copy Editor. Web-based proofing provides a faster and less error-
prone process by allowing you to directly type your corrections, eliminating the potential
introduction of errors. If preferred, you can still choose to annotate and upload your edits
on the PDF version. All instructions for proofing will be given in the e-mail we send to
authors, including alternative methods to the online version and PDF. We will do
everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the
text, tables and figures. Significant changes to the article as accepted for publication will
only be considered at this stage with permission from the Editor. It is important to
ensure that all corrections are sent back to us in one communication. Please check
carefully before replying, as inclusion of any subsequent corrections cannot be
guaranteed. Proofreading is solely your responsibility.

Offprints

The corresponding author, at no cost, will be provided with a PDF file of the article via e-
mail. The PDF file is a watermarked version of the published article and includes a cover
sheet with the journal cover image and a disclaimer outlining the terms and conditions of
use.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find
everything from Frequently Asked Questions to ways to get in touch. You can also check
the status of your submitted article or find out when your accepted article will be
published.
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