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RESUMO

NIVEIS SERICOS ELEVADOS DE ACIDO URICO ESTAO ASSOCIADOS A
OXIDAGAO DE NUCLEOSIDEOS EM PACIENTES COM DIABETES MELLITUS
TIPO 2

AUTORA: Carolina dos Santos Stein
ORIENTADORA: Prof2. Dra. Maria Beatriz Moretto
COORIENTADOR: Prof. Dr. Rafael Noal Moresco

O &cido urico, mesmo em concentracdes fisiologicas, é capaz de causar danos a
biomoléculas através de diversos mecanismos. Em especial, a hiperuricemia é
capaz de favorecer a formacédo de espécies radicalares intracelulares, dessa forma,
contribuindo para o surgimento de produtos da oxidacao de nucleosideos, como o 8-
hidroxi-2’-deoxiguanosina (8-OHdG). Sabe-se que portadores de diabetes mellitus
tipo 2 (DM2) possuem niveis mais elevados de oxidacdo de nucleosideos e acido
desoxirribonucleico (DNA) em comparacgdo a individuos saudaveis, porém, pouco foi
explorado sobre o papel dos niveis séricos de acido urico na promocao desse dano
em humanos. Dessa forma, o objetivo do presente estudo foi avaliar a relagéo entre
0S niveis séricos de acido Urico e as concentracfes urinarias de 8-OHdG, além da
influéncia do controle glicEmico e de outros fatores sobre essa relagéo, em pacientes
portadores de DM2 e individuos saudaveis. Foram recrutados, no Hospital
Universitario de Santa Maria, 61 pacientes de ambos o0s géneros, sendo 46
portadores de DM2, os quais foram atendidos no Ambulatério de Endocrinologia. Os
niveis de acido Urico, 8-OHdAG e outros parametros foram mensurados, e entdo, 0s
individuos foram estratificados conforme a mediana de acido Udrico sérico da
populacdo de estudo (< 5,3 mg/dL e = 5,3 mg/dL). Os pacientes diabéticos que
possuiam maiores niveis de acido Urico demonstraram maiores niveis urinérios de 8-
OHdG comparados aqueles com menores niveis (20,0 [16,0-35,0] versus 16,6
[13,0-23,0] ng/mL, P=0.014, respectivamente). Essa diferenca ndao foi observada
nos individuos controles (P=0.483). Além disso, uma correlacéo positiva significativa
foi encontrada entre esses dois parametros (r = 0.40, P<0.01). Ainda, foi observado
gque essa associacdo aconteceu de forma independente de fatores como
hipertensédo, creatinina seérica, indice de massa corporal e género. O controle
glicémico, parametros inflamatérios e oxidativos foram semelhantes entre 0s grupos,
demonstrando que esses fatores ndo contribuiram para a elevacdao no 8-OHdG.
Conforme os resultados obtidos, a associacdo entre os niveis séricos de acido Urico
e 8-OHdG urinario em pacientes portadores de DM2 indicam que elevacdes no acido
arico podem estimular uma maior oxidagédo de nucleosideos, independentemente de
outros fatores.

Palavras-chave: Acido urico. Diabetes mellitus tipo 2. Oxidac&o de nucleosideos. 8-
hidroxi-2’-deoxiguanosina urinario.



ABSTRACT

HIGH SERUM URIC ACID LEVELS ARE ASSOCIATED WITH NUCLEOSIDE
OXIDATION IN PATIENTS WITH TYPE 2 DIABETES

AUTHOR: Carolina dos Santos Stein
ADVISOR: Prof2. Dra. Maria Beatriz Moretto
CO-ADVISOR: Prof. Dr. Rafael Noal Moresco

Uric acid, even in physiologic levels, is capable of causing damage to biomolecules
through some mechanisms. Especially, hyperuricemia is capable of favor the
formation of intracellular radical species, thus, contributing to the occurrence of
products of nucleoside oxidation, including the 8-hydroxy-2’-deoxyguanosine (8-
OHdG), a biomarker of this damage. It is known that patients with type 2 diabetes
(T2D) have higher levels of nucleoside and deoxyribonucleic acid (DNA) oxidation
compared to healthy individuals, however, little was explored in humans about the
role of serum uric acid levels in promoting this damage in this population. Thus, the
objective of this study was to evaluate the relationship between the levels of serum
uric acid and the urinary concentrations of 8-OHdG, besides the influence of the
glycemic control and other factors on this relationship, in patients with T2D and
healthy individuals. In the University Hospital of Santa Maria, 61 patients were
recruited, of those, 46 had T2D and were assisted at the Ambulatory of
Endocrinology. The levels of uric acid, 8-OHdG and other parameters were
measured. The patients were stratified according to the median of serum uric acid in
the study population (< 5,3 mg/dL e = 5,3 mg/dL). The patients with T2D who had
higher levels of uric acid showed higher urinary levels of 8-OHdG compared to those
with lower levels (20.0 [16.0-35.0] versus 16.6 [13.0-23.0] ng/mL, P=0.014,
respectively). This association was not observed in the healthy individuals (P=0.483).
Moreover, a significant positive correlation was observed between the two
parameters (r = 0.40, P<0.01). Furthermore, the association was independent of
factors such as hypertension, serum creatinine, body mass index, and gender. The
glycemic control, inflammatory and oxidative parameters were similar in both groups,
demonstrating that these factors did not contribute to the rise in 8-OHdG levels.
According to the results, the association between the levels of serum uric acid and
the urinary 8-OHdG in patients with T2D indicate that an elevation of uric acid can
stimulate the nucleoside oxidation, independently of other factors.

Keywords: Uric acid. Type 2 diabetes. Nucleoside oxidation. Urinary 8-hydroxy2’-
deoxyguanosine.
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1 APRESENTACAO

As secbes MATERIAIS E METODOS, RESULTADOS e DISCUSSAO
encontram-se no ARTIGO CIENTIFICO, publicado no periédico Mutation Research:
Fundamental and Molecular Mechanisms of Mutagenesis, e representam a integra
deste estudo. O item CONCLUSOES, encontrado no final desta dissertacao,
apresenta interpretacbes e comentarios gerais sobre o manuscrito contido neste
trabalho. As REFERENCIAS BIBLIOGRAFICAS referem-se somente as citacdes
contidas no item INTRODUCAO desta dissertacdo, de modo que as referéncias

utilizadas para a elaboracao do artigo estdo mencionadas no mesmo.
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2 INTRODUCAO

O &cido urico, metabolito do catabolismo das purinas, exerce uma importante
funcdo antioxidante no plasma, porém, em niveis elevados, tem sido associado com
atividades pro-oxidantes, o que nos Uultimos anos ligou esse metabdlito ao
desenvolvimento e complicagdes de diversas doencas, incluindo a hipertensdo e o
diabetes mellitus (DM) (LV et al., 2013; WU et al., 2017).

O DM, especialmente o tipo 2 (DM2), que representa a maioria dos casos,
tornou-se um problema de salde publica preocupante em todo o mundo, néo
somente pela prépria etiologia e instalagdo da doenca, mas também por suas
complicagbes, que podem envolver danos cardiovasculares, renais e na retina,
acarretados principalmente pela continua hiperglicemia (FURUSYO; HAYASHI,
2013). No ano de 2017, haviam aproximadamente 425 milhdes de pessoas
portadoras de DM no mundo, e estima-se um crescimento para 693 milhdes de
individuos até o ano de 2045 (IDF, 2017).

Os mecanismos através dos quais o acido uUrico pode promover dano
oxidativo a biomoléculas incluem a ativacdo de enzimas pro-oxidantes e a producéo
direta de espécies reativas de oxigénio (ERO), geralmente relacionados a altos
niveis desse metabdlito (CHOI; MOUNT; REGINATO, 2005). Nesse contexto, € de
grande importancia que seja investigada a atuacdo do &cido Urico como agente
promotor de dano oxidativo no DM, uma vez que 0s pacientes diabéticos
conhecidamente estdo expostos a agentes oxidantes, e possuem maiores niveis de
oxidacao de DNA e nucleosideos (TATSCH et al, 2015).

O dano aos nucleosideos pode ser avaliado pela quantificacdo de
biomarcadores tanto no soro quanto tecidos e urina, sendo esta Ultima uma
alternativa ndo-invasiva e de facil obtencéo, na qual pode ser avaliada a presenca
de 8-hidroxi-2’-deoxiguanosina (8-OHdG), um produto da oxidacdo da
deoxiguanosina (WEIMANN et al., 2012). Essa molécula esta associada a diferentes
condicdes patoldgicas, incluindo o DM2 (TATSCH et al., 2015).

Estabelecer a relagédo entre os niveis de acido urico e a formacao de 8-OHdG
em pacientes diabéticos € uma importante ferramenta para a compreensdo dos
mecanismos de dano oxidativo no contexto do DM, bem como entender o papel do

acido arico nessa doenca. Assim, o presente trabalho busca verificar a existéncia de
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uma relacdo entre niveis séricos elevados de acido urico e maior excre¢ao urinaria

de 8-OHdG em pacientes portadores de DM2 e em individuos saudaveis.
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3 REVISAO BIBLIOGRAFICA

3.1 ACIDO URICO

O &cido urico (2,6,8-trioxipurina, CsH4N4O3) é um acido fraco, encontrado no
sangue, em pH fisiolégico, principalmente sob a forma de urato, cujos niveis normais
para homens encontram-se entre 3,5 e 7 mg/dL, e para mulheres, entre 2,6 e 6
mg/dL (BENN et al., 2018). A solubilidade do acido Urico em agua atinge niveis por
volta de 6,8 mg/dL, e quando esse limiar € excedido, caracteriza-se a hiperuricemia,
entretanto, proteinas como a albumina se ligam a essa molécula e aumentam sua
solubilidade, permitindo com que valores superiores a 7 mg/dL sejam encontrados
(JALAL et al., 2011).

O acido urico € o produto final do catabolismo das purinas enddgenas e
exogenas, podendo ser oriundo do figado, em sua maior parte, e em uma menor
parcela de tecidos periféricos como rins e intestino (JALAL et al., 2011). As purinas
provenientes das células, além daquelas absorvidas da dieta via gastrintestinal, sdo
transformadas em outros produtos, os quais sofrem acdo da enzima xantina oxidase,
a qual converte hipoxantina em xantina e essa em &cido urico (BENN et al., 2018),
como ilustrado na Figura 1. Na sua maior parte, a sintese de acido Urico acontece no
figado, e sua excrecao se da através dos rins e intestinos (LI et al., 2011; OLIVEIRA;
BURINI, 2012).

Figura 1. Mecanismos da homeostase do acido urico.

Adenosina — Inosina — Hipoxantina
l Xantina Oxidase

Guanosina ——» Guanina ——» Xantina

l Xantina Oxidase
0

H
N o _ i a
o= ] /E Acido urico — > Mecanismos de excregéo
H o)

Urinario: 80%

Gastrointestinal: 20%

Fonte: Adaptado de Benn et al., 2018.
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Apesar de uma alta taxa de filtragdo renal, mais de 90% do urato é
reabsorvido nos tabulos proximais, contribuindo, assim, para as altas concentracdes
de acido urico encontradas no sangue (BENN et al., 2018). Outro fator que €
determinante para a manutencao dos niveis de acido Urico sanguineo € a auséncia
da enzima uricase em humanos, fazendo com que a formacao de &cido Urico seja a
dltima etapa do catabolismo das purinas (CHOI; MOUNT; REGINATO, 2005). Esse
acumulo foi inicialmente visto como uma vantagem evolutiva por conta de sua
capacidade antioxidante, porém, por sua associacdo com diversas doencas, essa
visdo vem sendo modificada nos ultimos anos (CHOI; MOUNT; REGINATO, 2005).

Essa molécula possui acdo antioxidante em niveis normais devido as suas
duplas ligacdes, contribuindo para aproximadamente 50% dessa atividade no
plasma, neutralizando radicais como oxigénio singleto e outros radicais de oxigénio
(JOHNSON et al.,, 2005; SO; THORENS, 2010). Entretanto, em altos niveis e
especialmente em condi¢des hidrofébicas, existem evidéncias de que o &cido Urico
atua também como pré-oxidante (BAGNATI et al., 1999; DASEGOWNDA et al., 2016).
Alguns dos mecanismos antioxidantes e pro-oxidantes do &cido urico estédo
ilustrados na Figura 2. O acido Urico, quando atua como antioxidante, € capaz de
interceptar a acdo dos peroxinitritos (A) e da peroxidacao lipidica mediada pelo
cobre (B). Entretanto, sua capacidade pro-oxidante esta envolvida na ativacdo de
enzimas e vias oxidativas e inflamatoérias (C), contribuindo para uma série de
eventos capazes de danificar biomoléculas (SO; THORENS, 2010).

Alguns fatores que podem elevar a concentracdo sanguinea de &cido Urico
incluem doencas renais (EJAZ et al., 2007), alguns medicamentos como ciclosporina
e pirazinamida (OLIVEIRA; BURINI, 2012) e condi¢des metabodlicas que aumentam
0s niveis de acido latico e corpos cetbnicos (MOUNT; KWON; ZANDI-NEJAD, 2006).
Outros fatores associados a hiperuricemia estao relacionados a dieta. O consumo de
bebidas alcodlicas, principalmente de cerveja, foi associado a elevacdo dos niveis
de &cido urico e do risco de desenvolvimento de gota (CHOI; MOUNT; REGINATO,
2005). Além disso, o consumo de carnes em geral também pode aumentar a taxa de
sintese do acido urico (SO; THORENS, 2010). O consumo de refrigerantes, bebidas
ricas em frutose, também influencia positivamente na incidéncia de hiperuricemia
(NAKAGAWA et al., 2006).
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Figura 2. Mecanismos antioxidantes (A e B) e pro-oxidantes (C) do acido urico.
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3.2 HIPERURICEMIA E SUA PATOGENICIDADE

O acido urico, quando em elevadas concentragdes no soro, possui uma forte
associacdo com a etiologia de algumas doencas. A mais frequente é a gota,
diretamente relacionada a deposicdo de cristais de urato nas articulagcbes em
situacdes de hiperuricemia, e na qual acontece um estado inflamatério (CHOI;
MOUNT; REGINATO, 2005). A hipertensao arterial é outra patologia relacionada ao
acido arico (WU et al., 2017), devido a sua capacidade de ativacdo direta do sistema
renina-angiotensina (ZHANG et al., 2015) e promocao de disfuncdo endotelial (LI et
al., 2016), resultando em uma associacdo positiva entre os niveis de acido urico e
incidéncia de hipertensdo. Algumas consequéncias da patogenicidade da

hiperuricemia estéo ilustradas na Figura 3.
Figura 3. Patogenicidade do acido Urico.

Consumo de carne, bebidas alcod6licas, medicamentos, aumento da sintese,

!

l diminuicdo da excrecao urinaria

Hiperuricemia Hiperuricosuria
Deposicao de Pré-oxidante Cristais de acido
cristais de urato (gota) (Efeito cardiovascular?) arico (calculo renal)

Fonte: Adaptado de So; Thorens, 2010.

A inflamac&o € uma condigdo associada ao acido urico por multiplos fatores.
Condicfes hiperuricémicas sdo responsaveis pela ativagdo de citocinas e vias pro-
inflamatorias, como demonstrado por um estudo envolvendo jovens com

hiperuricemia assintomatica, no qual houve uma relacdo positiva entre a elevacao
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nos niveis de acido Urico e 0 aumento de interleucina-6 (IL-6) e do fator de necrose
tumoral-alfa (TNF-a) (ZHOU et al., 2018). Além disso, elevados niveis de acido urico
podem mediar a ativagdo de vias inflamatorias mediadas pelo fator nuclear kappa-B
(NF-kB) (SPIGA et al., 2017) e ciclooxigenase-2 (COX-2) (OGUZ et al., 2017). A
ativacdo de fatores pro-inflamatorios esta relacionada ao desenvolvimento de
doencgas como a gota (KRISHNAN, 2010) e o DM (WANG et al., 2013).

3.2.1 Associac¢ao do acido urico com o DM

A relacdo entre DM e &cido arico vem ganhando destaque nos ultimos anos.
O DM caracteriza-se por um conjunto de sinais e sintomas, resultantes da disfuncéo
metabdlica causada pela hiperglicemia, que se origina da subutilizacdo da glicose
em virtude da producao insuficiente ou nula de insulina, defeitos na sua agao ou
ambos (ADA, 2016).

Os tipos mais frequentes de DM séo o tipo 1 e o tipo 2. O primeiro é
caracterizado por acometer, na sua maior parte, criancas e jovens, e acontece pela
destruicdo das células beta-pancreéticas. JA& o segundo, que representa a maioria
dos casos de DM e acomete geralmente adultos, € um processo no qual existe uma
diminuicdo na resposta dos receptores de glicose a insulina, levando a exaustao das
células beta, culminando, nos dois tipos, na ma utilizacdo da glicose (ADA, 2016).

Sabe-se que fatores de risco para o desenvolvimento de DM2 incluem o
estresse oxidativo causado por moléculas pré-oxidantes, incluindo a propria glicose,
gue sdo capazes de causar danos celulares no estado hiperglicémico e, dessa
forma, levando a resisténcia a insulina (MOON et al., 2017). Os produtos proteicos
de oxidacdo avancada (AOPP), os quais sdo marcadores de oxidacdo, estdo
aumentados no DM (KALOUSOVA; SKRHA; ZIMA, 2002) e relacionados a disfuncéo
endotelial nessa populagdo (LIANG et al., 2014). A inflamagao, mediada pela IL-6,
também exerce um papel importante na etiologia da doenga, contribuindo para o
desenvolvimento e complicacbes do DM (REHMAN et al., 2017; TATSCH et al.,
2012). Além disso, alguns grupos estdo mais suscetiveis ao desenvolvimento de
DM2, como obesos, idosos e algumas etnias (ADA, 2016).

Um estudo prospectivo conduzido com 2690 participantes acompanhados por
aproximadamente 9 anos revelou que individuos que desenvolveram DM2 nesse

periodo possuiam niveis mais elevados de acido urico (CHIEN et al., 2008). Essa
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descoberta pode ligar o &cido Urico a diferentes fatores diabetogénicos, evidenciado
por outros estudos, como a resisténcia a insulina (ZHI et al., 2016), desenvolvimento
de obesidade (TSUSHIMA et al., 2013) e disfuncédo endotelial (LI et al., 2016). Além
disso, o acido urico também foi relacionado as complicagbes do DM, como
retinopatia e nefropatia (LIANG et al., 2016). Um estudo realizado por Causevié e
colaboradores (2010) revelou que os niveis de &cido Urico eram mais elevados no
soro e na urina de individuos diabéticos quando comparados aos controles,
resultado também alcancado por outros autores (KODAMA et al., 2009). Um estudo
que comparou diversas outras pesquisas revelou que individuos diabéticos que
foram acometidos por infarto cerebral possuiam niveis de &cido Urico 29% maior do
gue 0s que nao apresentaram essa complicacdo do DM (DU; MA; ZHANG, 2017).
Por ultimo, elevados niveis de &acido uUrico foram associados a mortalidade
cardiovascular de portadores de DM2 independentemente de outros fatores
(ZOPPINI et al., 2009), demonstrando que, apesar de ainda ndo estarem totalmente
elucidados, existem mecanismos de patogenicidade do acido Urico, especialmente
em niveis elevados, contribuindo para o desenvolvimento, complicacbes e

mortalidade no DM2.

3.3 DANO OXIDATIVO DE NUCLEOSIDEOS

O &cido desoxirribonucleico (DNA) é um polimero formado por cadeias de
nucleotideos, os quais, por sua vez, sdo constituidos de bases nitrogenadas, um
acucar pentose e um grupo fosfato; jA nos nucleosideos, o grupo fosfato esta
ausente (ZAHA; FERREIRA; PASSAGLIA, 2014). As bases nitrogenadas sao
classificadas em purinas, que possuem dois anéis heterociclicos, e sdo adenina e
guanina. Ja as pirimidinas possuem somente um anel e sdo representadas pela
citosina e timina (ZAHA; FERREIRA; PASSAGLIA, 2014). Diariamente, mais de
50.000 locais de dano podem ser observados em cada célula humana (LIU et al.,
2016) provenientes de diferentes fontes exdgenas e endogenas, radiacéo
ultravioleta e radicais livres (COOKE; LUNEC; EVANS, 2002). Esses ultimos podem
se originar a partir das ERO, as quais possuem um papel fisioldgico no organismo
humano, porém, devido a sua natureza reativa, podem se tornar prejudiciais quando

em desequilibrio em relacdo as defesas antioxidantes, atacando diferentes
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moléculas como proteinas, lipideos e nucleosideos (VALAVANIDIS;
VLACHOGIANNI; FIOTAKIS, 2009).

O mais importante radical causador de danos a biomoléculas € o hidroxila
(HO?®), formado a partir de reacbes como a de Fenton, induzindo a entrada de um
grupamento hidroxila na posicdo C8 da molécula de guanosina, formando um aduto
C8-OH e rearranjo da molécula, formando inicialmente o 8-oxo-2’-deoxiguanosina
(8-oxodG), o qual se interconverte no seu tautdbmero, 8-OHdG, caracterizando-o
como um marcador de dano oxidativo da guanosina (LIU et al., 2016;
VALAVANIDIS; VLACHOGIANNI; FIOTAKIS, 2009), como ilustrado na Figura 4.

Figura 4. Mecanismo de formagé&o do 8-OHdG.
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Esse tipo de dano requer constante reparo do local atingido e eliminagcéo dos
produtos formados a fim de evitar consequéncias como mutacées (LINDAHL;
WOOD, 1999). Mecanismos de reparo por excisdo de bases e excisdo de
nucleotideos sdo capazes de identificar os componentes danificados do DNA e
substitui-los por outros integros, sendo responsaveis pelo aparecimento dessas
moléculas na urina (COOKE; LUNEC; EVANS, 2002). Acreditava-se que a presenca
de 8-OHdG na urina se devia ao mecanismo de excisdo de nucleotideos de reparo
do DNA (WEIMANN et al., 2012), porém, um estudo realizado por Evans et al.
(2016) investigou um modelo animal com deficiéncia nesse mecanismo, revelando
que ndo houve alteracdo na eliminacdo de 8-OHdG urinario nesses animais
comparados aos wildtype, sugerindo que a fonte mais plausivel desse marcador na
urina pode ser o pool de 2’-desoxirribonucleotideos. Devido a sua origem, a
presenca do 8-OHdG na urina € considerada como um marcador do estresse
oxidativo global, em condi¢cdes nas quais todas as células do organismo sao
atingidas, como no caso do DM e hiperuricemia (WEIMANN et al., 2012).

O ensaio de Enzyme-Linked Immunosorbant Assay (ELISA) é um dos mais
empregados na avaliacdo do 8-OHdG em diferentes amostras, devido a sua fécil
utilizacdo e alta sensibilidade (WEIMANN et al., 2012). Esse método possui uma
menor especificidade, porém, uma boa correlacdo com o método cromatogréafico
(ROSSNER et al.,, 2013), demonstrando que as técnicas imunologicas para
mensuracao dos produtos de danos aos nucleosideos sao confidveis e comparaveis

a outros métodos.

3.3.1 Associagao do acido urico com o dano oxidativo aos nucleosideos

O &cido drico, devido ao seu comportamento pro-oxidante em algumas
situacdes, foi relacionado ao dano oxidativo a biomoléculas. Em 1999, Bagnati e
colaboradores evidenciaram que o acido Urico foi capaz de potencializar a oxidacao
lipidica promovida pelo cobre, in vitro, especulando o seu potencial pré-oxidante.
Outro estudo mostrou uma maior formacao de 8-nitroguanina no soro de pacientes
com artrite gotosa inflamatdria, conforme aumento nos niveis de acido Urico
(CHANG et al., 2005). Ainda, um estudo em animais demonstrou que uma dieta rica
em proteinas promoveu elevacdo nos niveis de acido urico concomitante com o
aumento de 8-OHdG nas glandulas salivares (KOLODZIEJ et al., 2017).
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Alguns trabalhos propuseram o0s possiveis mecanismos pelos quais o acido
arico pode estar envolvido com o aumento do dano oxidativo. Adipdcitos expostos a
diferentes concentracfes de acido urico sofreram um aumento da producdo de ERO,
devido a ativacdo da enzima nicotinamida adenina dinucleotideo fosfato (NADPH)
oxidase, proporcionais as concentragbes de acido urico (SAUTIN et al., 2007).
Resultado semelhante foi encontrado em outras pesquisas utilizando células
endoteliais adrticas (SANCHEZ-LOZADA et al., 2012), células tubulares (VERZOLA
et al., 2014) e em um modelo animal de hiperuricemia (SANCHEZ-LOZADA et al.,
2008). Outro mecanismo proposto foi a ativagcdo do sistema renina-angiotensina por
altas concentracdes de acido Urico e consequente mediacdo da producdo de ERO,
revelado por trabalho realizado em células endoteliais vasculares (YU et al., 2010).
Corry e colaboradores (2008) também associaram o acido Urico com a ativacéo
desse sistema, porém em concentracfes fisiologicas. Diante das evidéncias
apresentadas, pode-se entender o papel que o &cido Urico, mesmo em
concentracdes fisioldgicas, possui ha ativacdo de enzimas e sistemas pré-oxidantes,
além da promocéo da producao de ERO, concentracdo-dependente.

Um estudo utilizando hepatdcitos revelou que a incubacdo dessas células
com crescentes concentracdes de &cido arico por um periodo de até 96 horas foi
capaz de induzir um aumento na producéo de 8-OHdG proporcional ao aumento da
concentracdo de &cido Urico e maiores periodos de tempo (YANG et al., 2016).
Houve um incremento nos niveis de 8-OHdG mesmo quando as células foram
expostas ao acido urico na concentracdo de 5 mg/dL, um valor considerado normal
em humanos, sendo uma forte evidéncia da relacdo entre altas concentracdes de
acido urico e dano a nucleosideos.

Diante do apresentado, é possivel estabelecer uma relagdo entre um
incremento na concentracdo de acido urico e 0 aumento na producdo de ERO,
atravées de diferentes mecanismos, e consequente inducdo de dano aos
nucleosideos, porém, poucos estudos exploraram a existéncia dessa relacdo em
humanos, tornando importante investigar se suas caracteristicas pré-oxidantes

podem contribuir para o dano aos nucleosideos em portadores de DM2.
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4 OBJETIVOS

4.1 OBJETIVO GERAL

Investigar a associacado entre os niveis séricos de &cido Urico e o dano de

nucleosideos em pacientes portadores de DM2 e em individuos saudaveis.

4.2 OBJETIVOS ESPECIFICOS

- Avaliar os niveis urinarios de 8-OHdG nos pacientes com DM2 e nos individuos
saudaveis, estratificados conforme os niveis séricos de acido urico (< 5,3 mg/dL e =
5,3 mg/dL);

- Verificar a existéncia de correlacéo entre os niveis de acido Urico sérico e 8-OHAG
urinério na populacéo do estudo;

- Examinar a influéncia do controle glicémico, inflamacédo, oxidag¢do proteica,
hipertensédo, indice de massa corporal, creatinina sérica e género sobre essa

correlagao.
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Abstract

Uric acid presents different roles in an organism, since it can act as an antioxidant or
a pro-oxidant molecule. High serum uric acid levels may cause damage to several
structures, including nucleic acids and its components. Therefore, in this study the
association between increased serum uric acid concentrations and oxidative
nucleoside damage was investigated by assessment of urinary 8-
hydroxydeoxyguanosine (8-OHdG) in patients with type 2 diabetes (T2D) and in
healthy individuals. Urinary 8-OHdG and biochemical parameters were assessed in
61 patients who were initially grouped into 2 groups based on the median serum uric
acid levels (< 5.3 mg/dL and = 5.3 mg/dL). Urinary 8-OHdG was higher in patients
with T2D and serum uric acid levels = 5.3 mg/dL, when compared with the patients
with serum uric acid levels < 5.3 mg/dL; however, co-occurrence of high serum uric
acid with high urinary 8-OHdG was not observed in healthy individuals. A significant
positive correlation between 8-OHdG and uric acid (r = 0.40, P < 0.01) was observed
in patients with T2D. High serum uric acid levels were associated with high urinary 8-
OHdG levels in patients with T2D, and this association was independent of gender,

hypertension, body mass index, and serum creatinine.

Keywords: Uric acid; nucleoside oxidation; Urinary 8-hydroxydeoxyguanosine; Type

2 diabetes.
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1. Introduction

Hyperuricemia is a condition that has been associated with certain pathological
conditions, such as gout [1], diabetes mellitus (DM) [2], stroke [3], and hypertension
[4]. Uric acid is a molecule that exhibits different activities in an organism [5], since it
can act as an antioxidant [6] or a pro-oxidant molecule [7,8]. Uric acid at high levels
in the serum can cause damage to several structures and cells [9-12], mainly by
activating oxidative pathways mediated by the renin-angiotensin system (RAS)
[11,13] and nicotinamide adenine dinucleotide phosphate (NADPH) oxidase
[9,12,14,15]. Interestingly, the paradoxical pattern of uric acid manifests itself with
respect to DNA damage, in which it can protect [16] or induce injury [17,18] to the
DNA. Under certain conditions where an increase in pro-oxidant mechanisms is
demonstrated (as observed in some pathologies), 8-hydroxydeoxyguanosine (8-
OHdG) is formed, which indicates oxidative damage to guanine nucleoside [19].

Although evidence shows that uric acid may act as an antioxidant or as a pro-
oxidant under certain circumstances, it is still not fully understood whether elevated
serum uric acid concentrations are capable of promoting increased nucleoside
oxidation in patients with type 2 diabetes (T2D). Therefore, the aim of the present
study was to investigate the association between increased serum uric acid
concentrations and oxidative nucleoside damage assessed via estimation of urinary

8-OHdG in patients with T2D and in healthy individuals.

2. Materials and Methods
2.1 Study population
Overall, 61 individuals were examined in this study, which included 46 patients

with T2D enrolled at the University Hospital of Santa Maria (Rio Grande do Sul,
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Brazil) and 15 healthy individuals. The individuals were grouped into 2 groups based
on the median serum uric acid levels of this population i.e., < 5.3 mg/dL and = 5.3
mg/dL. Clinical characteristics and medical histories of the patients were collected via
a clinical and epidemiological assessment questionnaire or from the hospital’s
medical register. Height and weight were used to calculate the body mass index
(BMI) by dividing the weight in kilograms with the square of the height in meters.
Exclusion criteria included pregnancy, infectious diseases, liver diseases, fever,
acute or chronic inflammatory diseases, and medical history of malignancy. The
study protocol was approved by the Institutional Ethics Committee
(12303113.0.0000.5346), and written informed consent was obtained from all

patients.

2.2 Sample collection and laboratory assays

Blood samples were collected from all patients, after an overnight fast period of
at least 8 h, via the venous puncture technique into Vacutainer® tubes (BD
Diagnostics, Plymouth, UK) containing EDTA, sodium fluoride plus EDTA, or no
anticoagulants. The samples were centrifuged at 2500 xg for 15 min. Fasting glucose
was measured using plasma, while serum was used to assess uric acid, total
cholesterol, HDL cholesterol, LDL cholesterol, triglycerides, and high-sensitivity C-
reactive protein (hs-CRP). These measurements were performed using standard
methods via the Dimension RxL Max® automated analyzer (Siemens Healthcare
Diagnostics Inc., Malvern, Pennsylvania, USA). Pro-inflammatory interleukin-6 (IL-6)
in the serum was measured using commercial ELISA kits (R&D Systems Inc,
Minneapolis, Minnesota, USA). The EDTA containing whole blood samples were

used to measure glycated hemoglobin (HbA1ic) via the D-10® analyzer (Bio-Rad,
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California, USA), and the EDTA containing plasma was used to measure advanced
oxidation protein products (AOPPs) via the Cobas Mira® automated analyzer (Roche
Diagnostics, Mannheim, Germany). First-morning urine samples were obtained from
the patients and centrifuged at 1000 xg for 5 min, and the supernatants were used to
measure urinary albumin and 8-OHdG levels. Urinary 8-OHdG was measured using
ELISA kits (Trevigen, Gaithersburg, USA), as per the manufacturer’s instructions.
The estimated glomerular filtration rate (eGFR) was calculated using the creatinine
equation obtained from the Chronic Kidney Disease Epidemiology Collaboration

(CKD-EPI) [20].

2.3 Statistical analysis

The variables were tested for normality using the D’Agostino-Pearson omnibus
test. The parametric variables are presented as mean + standard deviation (SD), and
the non-parametric variables are presented in terms of median and interquartile
range (IQR). Statistical differences between the groups were analyzed using
Student’s t-test or the Mann-Whitney test. The categorical data are expressed as
percentages, and the groups were compared using Fisher’'s exact test. Spearman’s
correlation was performed to evaluate the relationship between the serum uric acid
and urinary 8-OHdG values. Additionally, a multiple regression analysis was
performed to investigate the influence of some variables on urinary 8-OHdG levels.
Results were considered to be statistically significant when two-tailed P values were
< 0.05. All results were analyzed using GraphPad Prism® version 6.01 (GraphPad
Software, La Jolla, California, USA) and Statistica® version 9.1 (StatSoft Inc., Tulsa,

Oklahoma, USA).
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3. Results
The baseline characteristics of the participants included in the study are shown
in Table 1. No differences in age, proportion of smokers, proportion of patients with
T2D, diabetes duration, fasting glucose, HbAic, total cholesterol, HDL cholesterol,
LDL cholesterol, triglycerides, hs-CRP, IL-6, AOPPs, and eGFR were detected
between the groups. However, significant differences were observed with respect to
gender, hypertension, BMI, serum creatinine, serum uric acid, and 8-OHdG levels.
The prevalence of hypertension was higher in patients with uric acid = 5.3 mg/dL,
when compared with patients with serum uric acid < 5.3 mg/dL (76.7% versus 48.3%,
P = 0.033). The group with higher uric acid had slightly higher BMI values when
compared with the group with lower uric acid (30.9 [28.0-35.7] versus 28.7 [23.0—
36.6] kg/m2, P = 0.032). Serum creatinine levels were also higher in the group with
uric acid =2 5.3 mg/dL, when compared with the group with serum uric acid < 5.3
mg/dL (88.4 [75.1-114.9] versus 76.0 [66.3-88.4] umol/L, P = 0.008).
Furthermore, urinary 8-OHdG levels were significantly higher in patients with
high serum uric acid when compared with those with low serum uric acid (20.0 [16.0—
35.0] versus 16.6 [13.0-23.0] ng/mL, P = 0.014). Urinary 8-OHdG levels were also
analyzed separately in patients with T2D and in healthy individuals. Interestingly, the
co-occurrence of high serum uric acid with high urinary 8-OHdG was only
demonstrated in patients with T2D, as shown in Figure 1. A significant positive
correlation between serum uric acid and urinary 8-OHdG (r = 0.40, P < 0.01; Figure
2) was also observed in patients with T2D. However, this correlation was not
statistically significant in the healthy individuals (r = 0.24, P = 0.37). Furthermore,

multiple linear regression analysis showed that the association between urinary 8-
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OHdG and serum uric acid concentrations was independent of other variables such

as gender, hypertension, BMI, and serum creatinine, as shown in Table 2.

4. Discussion

The association between serum uric acid and urinary 8-OHdG in patients with
T2D and healthy individuals was investigated in the present study. Interestingly, we
observed the co-occurrence of high serum uric acid with high urinary 8-OHdG in
patients with T2D only, and not in healthy individuals. Increase in urinary 8-OHdG
was independent of gender, hypertension, BMI, and serum creatinine. We had
previously reported a rise in urinary 8-OHdG in patients with T2D when compared
with their respective controls [21]. However, in the present study, we investigated the
influence of serum uric acid on nucleoside oxidation in patients with T2D and
observed that it occurred most evidently in patients with T2D with higher serum uric
acid concentrations. Moreover, this study showed no association between high
serum uric acid and high urinary 8-OHdG in healthy individuals. Thus, we speculate
that the isolated increase in serum uric acid (at the concentrations estimated in the
present study) does not appear to have the potential to cause oxidative damage to
nucleosides. However, serum uric acid at high concentrations, when combined with
other metabolic and pro-oxidant changes observed in diabetes, appears to potentiate
the formation of 8-OHdG in T2D patients.

Several pathways have been associated with oxidative stress and diabetes,
including the activation of protein kinase C and formation of advanced glycation end
products [22], all of which can lead to DNA damage. Analysis of measures related to
the pro-oxidant environment was limited in this study as only serum AOPPs, which

showed no significant differences between the groups, when measured in the study
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population. AOPPs, markers of protein oxidation and mediators of inflammation, are
formed as a result of reactions between plasma proteins (mostly albumin) and
chlorinated oxidants produced by myeloperoxidase [23]. Other pathways such as
Fenton’s reaction may also contribute to the formation of AOPPs [24]. Furthermore,
pro-inflammatory cytokines such as IL-6 can also activate pro-oxidant mediators such
as NADPH oxidase and increase reactive oxygen species (ROS) production [25].
However, no significant differences with respect to the pro-inflammatory biomarkers,
IL-6 and hs-CRP, were observed between the groups investigated in the present
study. Thus, these findings indicate that the association between high serum uric
acid and high urinary 8-OHdG in patients with T2D does not seem to directly involve
the activation of the pro-inflammatory mechanisms investigated here.

Several reports suggest increased serum [26,27] and urinary [28] levels of 8-
OHdG in patients with pre-DM [26,29] and DM [28,30], as well as in patients with
diabetes with complications [21,31]. Most of these studies propose that increased 8-
OHdG levels in DM occur due to the oxidative environment promoted by uncontrolled
glycaemia. However, in our observation, no difference in HbA1c and fasting glucose
levels was observed between the groups, which led us to believe that other factors
contributed to the increase in nucleoside oxidation in T2D. In this context, uric acid
deserves attention once it initiates pro-oxidant pathways. High uric acid levels have
been reported to induce intracellular oxidative stress in different cell types [9,11-
14,32] and rats [15] by activating RAS and NADPH oxidase. Interestingly, recent
evidence indicates that, during uric acid metabolism, the enzyme xanthine
oxidoreductase produces free radicals, which can cause the increase of ROS and 8-

OHdG production [33].
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In the presence of oxidants, uric acid can turn into an oxidant as well [34,35].
DNA damage under oxidative conditions has also been linked to uric acid levels
[17,18]. There is evidence of oxidative damage to guanine in patients with gouty
arthritis as uric acid levels increase [36]. Strong evidence of the relationship between
hyperuricemia and nucleoside oxidative damage was also provided by an in vitro
study [10]. Hepatocytes incubated with increasing concentrations of uric acid showed
intracellular oxidative stress and increasing 8-OHdG levels as the uric acid
concentrations increased with longer incubation periods. Interestingly, significant
amounts of 8-OHdG were observed even at 5 mg/dL of uric acid, which is considered
to be a normal concentration in the plasma [10]. For these reasons, we speculate
that high serum uric acid, combined with other pro-oxidant changes related to
diabetes, could activate and/or potentiate some pro-oxidant pathways that contribute
to the enhanced production of 8-OHdG as observed in patients with T2D having
serum uric acid = 5.3 mg/dL.

Unfortunately, this study has some limitations. Firstly, the number of subjects
enrolled was relatively small. Although we reported an association between high
serum uric acid and high urinary 8-OHdG in patients with T2D, it was not very strong,
which may have been influenced by this relatively small number of investigated
individuals. Secondly, oxidative nucleoside damage was assessed in relation to 8-
OHdG levels in urine, which was measured using commercial ELISA kits. It is
relevant to note that this assay presents low specificity since it does not discriminate
between oxidized guanine nucleosides originating from the DNA, RNA, or oxidized
base. Despite these limitations, this study reported an association between increased
serum uric acid concentrations and oxidative nucleoside damage assessed in terms

of urinary 8-OHdG in T2D patients. It is already known that such damage can occur
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in patients with T2D due to inadequate glycemic control. However, this study
demonstrated the co-occurrence of high serum uric acid with high urinary 8-OHdG
levels in patients with T2D, independent of other factors such as glucose and
glycated hemoglobin levels. However, further research involving a larger population
and other measures of pro-oxidant environments, such as NADPH oxidase and
xanthine oxidoreductase activities, is required to investigate the mechanisms

involved in this association.
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Table 1. Baseline characteristics and biochemical

participants stratified using serum uric acid values.
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parameters of the study

Serum uric acid

Serum uric acid

Parameters P-value
< 5.3 mg/dL 2 5.3 mg/dL
Age (y) 62.0+9.4 58.3+14.4 0.241
Male (%) 20.0 54.8 0.008
Smokers (%) 8.7 241 0.268
Hypertension (%) 48.3 76.7 0.033
Type 2 diabetes mellitus (%) 73.3 77.4 0.772
Diabetes duration (years) 13.1+6.5 13.7+94 0.844
BMI (kg/m?) 28.7 (23.0-36.6) 30.9 (28.0-35.7) 0.032
Fasting glucose (mmol/L) 6.4 (5.3-8.2) 6.8 (5.6-8.4) 0.874
HbA1c (mmol/mol) 42.6 (36.1-72.9) 44.8 (39.1-63.4) 0.894
HbA1c (%) 6.4 (5.8-9.2) 6.6 (6.1-8.3) 0.892
Total cholesterol (mmol/L) 46 +0.7 44+0.9 0.250
HDL cholesterol (mmol/L) 1.3 (1.1-1.6) 1.2 (1.0-1.5) 0.328
LDL cholesterol (mmol/L) 25+0.6 22+0.7 0.112
Triglycerides (mmol/L) 1.3 (1.0-1.9) 1.4 (1.1-1.7) 0.355
hs-CRP (mg/L) 0.4 (0.2-0.7) 0.8 (0.2-1.4) 0.225
IL-6 (pg/mL) 152.0 (83.0-197.3) 175.0 (137.5-257.0) 0.156
AOPPs (umol/L) 65.0 (55.7-80.8) 63.6 (48.2-90.8) 0.969
eGFR (mL/min/1.73m?) 84.7+17.8 79.7 £ 26.8 0.413
Serum creatinine (umol/L) 76.0 (66.3-88.4)  88.4 (75.1-114.9) 0.008
Serum uric acid (mg/dL) 3.9+£0.8 6.6+1.1 <0.001
Urinary 8-OHdG (ng/mL) 16.6 (13.0-23.0) 20.0 (16.0-35.0) 0.014

Data are expressed as mean + SD or median and IQR. AOPPs, advanced oxidation
protein products; BMI, body mass index; HbA1c, glycated hemoglobin; hs-CRP, high-
sensitive C-reactive protein; eGFR, estimated glomerular filtration rate; IL-6,

interleukin-6; 8-OHdG, 8-hydroxydeoxyguanosine.
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Table 2. Multiple linear regression analysis of urinary 8-OHdG as a dependent

variable adjusted for gender, hypertension, body mass index (BMI), and serum

creatinine.

B SEs t P-value
Male -3.281 3.944 -0.832 0.409
Hypertension 4.640 3.369 1.377 0.175
Body mass index 0.232 0.184 1.264 0.212
Serum creatinine 0.331 7.207 0.046 0.963

Regression coefficients (B), standard error of B (SEs), and t statistic with

corresponding P-value.
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Figure 1. Box-and-whisker plots showing the urinary values of 8-OHdAG in (A)

patients with type 2 diabetes and (B) healthy individuals. Subjects were stratified

based on serum uric acid levels < 5.3 mg/dL and = 5.3 mg/dL. The box contained

50% of all values (from the 25" to 75" percentile) and was divided by the horizontal

bar representing the median value (50" percentile).



10 ¥ ¥ H ¥ i
re = 0.403
e
*
— 8+ . .
-
3
o]
E
=
1]
L1+]
2
T
-
£
-
S
)
7]
®
®
2 i ) i i 1
0 10 20 30 40 50
Urinary 8-OHdG (ng/mL)

60

44

Figure 2. Positive correlation between urinary 8-OHdG and serum uric acid values (r

=0.40, P <0.01) was observed in patients with type 2 diabetes.
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6 CONSIDERACOES FINAIS

e Os pacientes portadores de DM2 que apresentaram niveis de acido Urico
sérico = 5,3 mg/dL também demonstraram uma elevacao nos niveis urinérios de 8-
OHdG, relag&o que néo foi percebida nos individuos saudaveis;

e Os niveis urinéarios de 8-OHdG foram positivamente correlacionados com o
acido Urico sérico nos pacientes avaliados;

e Essa associacdo foi independente dos parametros hipertensdo, indice de
massa corporal, creatinina sérica e género, além do controle glicémico, IL-6,
proteina C-reativa ultrassensivel e AOPP, que foram semelhantes nos grupos de
estudo;

e Conforme os resultados encontrados nesse estudo, propde-se uma conexao
entre o acido Urico e 0os mecanismos de dano aos nucleosideos no DM2,

apresentada na Figura 5:

Figura 5. Associacao entre o acido urico e o dano aos nucleosideos no DM2.
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A hiperglicemia e a inflamac¢&o podem ser responsaveis pela oxidagéo de nucleosideos em pacientes
portadores de DM2, porém, foram semelhantes nos grupos de estudo, dessa forma, o acido Urico
pode estar ativando vias pro-oxidantes e levando ao aparecimento do 8-OHdG na urina.

Fonte: a autora.
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7 CONCLUSAO

Em conclusdo, os pacientes portadores de DM2 que possuiam niveis
elevados de acido urico sérico demonstraram maior oxidacdo de nucleosideos
independentemente de outros fatores. Dessa forma, apesar de algumas limitacdes,
esse estudo contribui para uma melhor compreenséo do envolvimento do acido urico

em processos oxidativos, especialmente no dano aos nucleosideos.
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Também sera avaliado o potencial prognostico
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ARTICLE INFO ABSTRACT

Keywords:

Uric acid

Nucleoside oxidation

Urinary 8-hydroxydeoxyguanosine
Type 2 diabetes

Uric acid presents different roles in an
High serum uric acid levels may cause d

act as an antioxidant or a pro-oxidant molecule.
ctures, including nucleic acids and its components.
reased serum uric acid concentrations and oxidation of
ment of ry 8-hydroxydeoxyguanosine (8-OHdG) in patients with type
ividuals. Urinary 8-OHdG and biochemical parameters were assessed in 61
to 2 groups based on the median serum uric acid levels (< 5.3 mg/dL and
her in patients with T2D and serum uric acid levels =5.3 mg/dL, when
uric acid levels < 5.3 mg/dL; however, co-occurrence of high serum uric
was not observed in healthy individuals. A significant positive correlation be-
d (r = 0.40, P < 0.01) was observed in patients with T2D. High serum uric acid
with high urinary 8-OHdG levels in patients with T2D, and this association was in-
der, hypertension, body mass index, and serum creatinine.

nucleosides was investigated by as
2 diabetes (T2D) and in healthy
patients who were initiall

levels
depen

1. Introduction damage to guanine nucleoside [19].

Although evidence shows that uric acid may act as an antioxidant or
as a pro-oxidant under certain circumstances, it is still not fully un-
derstood whether elevated serum uric acid concentrations are capable
of promoting increased nucleoside oxidation in patients with type 2

diabetes (T2D). Therefore, the aim of the present study was to in-

ion tha been associated with certain
s gout [1], diabetes mellitus (DM) [2],
stroke [3], and hypg #]. Uric acid is a molecule that exhibits
different activities in ®g,0rgsfiism [5], since it can act as an antioxidant

Hyperuricemia i
pathological conditfo

[6] or a pro-oxidant molecule [7,8]. Uric acid at high levels in the
serum can cause damage to several structures and cells [9-12], mainly
by activating oxidative pathways mediated by the renin-angiotensin
system (RAS) [11,13] and nicotinamide adenine dinucleotide phos-
phate (NADPH) oxidase [9,12,14,15]. Interestingly, the paradoxical
pattern of uric acid manifests itself with respect to DNA damage, in
which it can protect [16] or induce injury [17,18] to the DNA. Under
certain conditions where an increase in pro-oxidant mechanisms is
demonstrated (as observed in some pathologies), 8-hydro-
xydeoxyguanosine (8-OHdG) is formed, which indicates oxidative

vestigate the association between increased serum uric acid con-
centrations and oxidation of nucleosides assessed via estimation of ur-
inary 8-OHdG in patients with T2D and in healthy individuals.

2. Materials and methods

2.1. Study population

Overall, 61 individuals were examined in this study, which included
46 patients with T2D enrolled at the University Hospital of Santa Maria
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(Rio Grande do Sul, Brazil) and 15 healthy individuals. The individuals
were grouped into 2 groups based on the median serum uric acid levels
of this population ie., < 5.3mg/dL and =5.3mg/dL. Clinical char-
acteristics and medical histories of the patients were collected via a
clinical and epidemiological assessment questionnaire or from the
hospital’s medical register. Height and weight were used to calculate
the body mass index (BMI) by dividing the weight in kilograms with the
square of the height in meters. Exclusion criteria included pregnancy,
infectious diseases, liver diseases, fever, acute or chronic inflammatory
diseases, and medical history of malignancy. The study protocol was
approved by the Institutional Ethics Committee
(12303113.0.0000.5346), and written informed consent was obtained
from all patients.

2.2. Sample collection and laboratory assays

Blood samples were collected from all patients, after an overnight
fast period of at least 8h, via the venous puncture technique into
Vacutainer™ tubes (BD Diagnostics, Plymouth, UK) containing EDTA,
sodium fluoride plus EDTA, or no anticoagulants. The samples were
centrifuged at 2500 x g for 15 min. Fasting glucose was measured using
plasma, while serum was used to assess uric acid, total cholesterol, HDL
cholesterol, LDL cholesterol, triglycerides, and high-sensitivity C-re-
active protein (hs-CRP). These measurements were performed usi:
standard methods via the Dimension RxL Max  automated anajfz
(Siemens Healthcare Diagnostics Inc., Malvern, Pennsylvania, ).

Pro-inflammatory interleukin-6 (IL-6) in the serum was g
commercial ELISA kits (R&D Systems Inc, Minneap, nesova,
USA). The EDTA containing whole blood samples tolheasure

io-Rad,

im, Germany). First-
patients and centrifuged

instructions. The e glomerular filtration rate (eGFR) was cal-
culated using the creatiiffie equation obtained from the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) [20].

2.3. Statistical analysis

The variables were tested for normality using the D’Agostino-
Pearson omnibus test. The parametric variables are presented as
mean * standard deviation (SD), and the non-parametric variables are
presented in terms of median and interquartile range (IQR). Statistical
differences between the groups were analyzed using Student’s t-test or
the Mann-Whitney test. The categorical data are expressed as percen-
tages, and the groups were compared using Fisher’s exact test.
Spearman’s correlation was performed to evaluate the relationship
between the serum uric acid and urinary 8-OHdG values. Additionally,
a multiple regression analysis was performed to investigate the influ-
ence of some variables on urinary 8-OHdG levels. Results were con-
sidered to be statistically significant when two-tailed P values were <
0.05. All results were analyzed using GraphPad Prism” version 6.01
(GraphPad Software, La Jolla, California, USA) and Statistica” version
9.1 (StatSoft Inc., Tulsa, Oklahoma, USA).

3. Results

The baseline characteristics of the participants included in the study
are shown in Table 1. No differences in age, proportion of smokers,
proportion of patients with T2D, diabetes duration, fasting glucose,
HbA,,, total cholesterol, HDL cholesterol, LDL cholesterol, triglycer-
ides, hs-CRP, IL-6, AOPPs, and eGFR were detected between the groups.
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Table 1
Baseline characteristics and biochemical parameters of the study participants
stratified using serum uric acid values.

Parameters Serum uric acid Serum uric acid P-value
< 5.3mg/dL =5.3mg/dL
Age (y) 62.0 = 9.4 58.3 + 14.4 0.241
Male (%) 20.0 54.8 0.008
Smokers (%) 8.7 24.1 0.268
Hypertension (%) 48.3 76.7 0.033
Type 2 diabetes mellitus 733 77.4 0.772
(%)
Diabetes duration (years) 13.7 + 9.4 0.844
BMI (kg/m*) 30.9 (28.0-35.7) 0.032
Fasting glucose (mmol/L) (5.6-8.4) 0.874
HbA,. (mmol/mol) (39.1-63.4) 0.894
HbA, . (%) 6 (6.1-8.3) 0.892
Total cholesterol (mm, 4 =09 0.250
L)
HDL cholester; .1-1.6) 1.2 (1.0-1.5) 0.328
L)
LDL choles 1/L) = 0.6 22 + 0.7 0.112
Triglycerides (mmg¢/L) 1.3 (1.0-1.9) 1.4 (1.1-1.7) 0.355
hs-CRR (mg/L) 0.4 (0.2-0.7) 0.8 (0.2-1.4) 0.225
g/mL) 152.0 175.0 0.156
(83.0-197.3) (137.5-257.0)
mol/L) 65.0 (55.7-80.8) 63.6 (48.2-90.8) 0.969
( ‘min/1.73 m?) 84.7 + 17.8 79.7 £ 26.8 0.413
Se; creatinine (pmol/ 76.0 (66.3-88.4) 88.4 (75.1-114.9) 0.008
L)
Serum uric acid (mg/dL) 3.9 = 08 6.6 = 1.1 < 0.001
Urinary 8-OHdG (ng/mL)  16.6 (13.0-23.0) 20.0 (16.0-35.0) 0.014

Data are expressed as mean *= SD or median and IQR. AOPPs, advanced oxi-
dation protein products; BMI, body mass index; HbA,, glycated hemoglobin;
hs-CRP, high-sensitive C-reactive protein; eGFR, estimated glomerular filtration
rate; IL-6, interleukin-6; 8-OHdG, 8-hydroxydeoxyguanosine.

However, significant differences were observed with respect to gender,
hypertension, BMI, serum creatinine, serum uric acid, and 8-OHdG le-
vels. The prevalence of hypertension was higher in patients with uric
acid =5.3mg/dL, when compared with patients with serum uric
acid < 5.3mg/dL (76.7% versus 48.3%, P = 0.033). The group with
higher uric acid had slightly higher BMI values when compared with
the group with lower uric acid (30.9 [28.0-35.7] versus 28.7
[23.0-36.6] kg/m? P = 0.032). Serum creatinine levels were also
higher in the group with uric acid =5.3 mg/dL, when compared with
the group with serum uric acid < 5.3 mg/dL (88.4 [75.1-114.9] versus
76.0 [66.3-88.4] umol/L, P = 0.008).

Furthermore, urinary 8-OHdG levels were significantly higher in
patients with high serum uric acid when compared with those with low
serum uric acid (20.0 [16.0-35.0] versus 16.6 [13.0-23.0] ng/mL,
P = 0.014). Urinary 8-OHdG levels were also analyzed separately in
patients with T2D and in healthy individuals. Interestingly, the co-oc-
currence of high serum uric acid with high urinary 8-OHdG was only
demonstrated in patients with T2D, as shown in Fig. 1. A significant
positive correlation between serum uric acid and urinary 8-OHdG
(r=0.40, P < 0.01; Fig. 2) was also observed in patients with T2D.
However, this correlation was not statistically significant in the healthy
individuals (r = 0.24, P = 0.37). Furthermore, multiple linear regres-
sion analysis showed that the association between urinary 8-OHdG and
serum uric acid concentrations was independent of other variables such
as gender, hypertension, BMI, and serum creatinine, as shown in
Table 2.

4. Discussion

The association between serum uric acid and urinary 8-OHdG in
patients with T2D and healthy individuals was investigated in the
present study. Interestingly, we observed the co-occurrence of high
serum uric acid with high urinary 8-OHdG in patients with T2D only,
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Fig. 1. Box-and-whisker plots showing the ur-
inary values of 8-OHdG in (A) patients with
type 2 diabetes and (B) healthy individuals.
Subjects were stratified based on serum uric
acid levels < 5.3 mg/dL and =5.3 mg/dL. The
contained 50% of all values (from the 25th

P =0.483

bar representing the median value
entile).
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Fig. 2. Positive correlation between urinary 8-OHdG and serum uric acid values
(r = 0.40, P < 0.01) was observed in patients with type 2 diabetes.

Table 2

Multiple linear regression analysis of urinary 8-OHdG as a dependent variable
adjusted for gender, hypertension, body mass index (BMI), and serum creati-
nine.

B SEg t P-value
Male —3.281 3.944 —0.832 0.409
Hypertension 4.640 3.369 1.377 0.175
Body mass index 0.232 0.184 1.264 0.212
Serum creatinine 0.331 7.207 0.046 0.963

Regression coefficients (B), standard error of B (SEp), and t statistic with cor-
responding P-value.

and not in healthy individuals. Increase in urinary 8-OHdG was in-
dependent of gender, hypertension, BMI, and serum creatinine. We had
previously reported a rise in urinary 8-OHdG in patients with T2D when
compared with their respective controls [21]. However, in the present
study, we investigated the influence of serum uric acid on nucleoside
oxidation in patients with T2D and observed that it occurred most
evidently in patients with T2D with higher serum uric acid concentra-
tions. Moreover, this study showed no association between high serum
uric acid and high urinary 8-OHdG in healthy individuals. Thus, we

<5,
mQic Acid (mg/dL)

29

>5.3

speculate that the isolated increase in serum uric acid (at the con-
centrations estimated in the present study) does not appear to have the
potential to cause oxidative damage to nucleosides. However, serum
uric acid at high concentrations, when combined with other metabolic
and pro-oxidant changes observed in diabetes, appears to potentiate the
formation of 8-OHdG in T2D patients.

Several pathways have been associated with oxidative stress and
diabetes, including the activation of protein kinase C and formation of
advanced glycation end products [22], all of which can lead to DNA
damage. Analysis of measures related to the pro-oxidant environment
was limited in this study as only serum AOPPs, which showed no sig-
nificant differences between the groups, when measured in the study
population. AOPPs, markers of protein oxidation and mediators of in-
flammation, are formed as a result of reactions between plasma proteins
(mostly albumin) and chlorinated oxidants produced by myeloperox-
idase [23]. Other pathways such as Fenton’s reaction may also con-
tribute to the formation of AOPPs [24]. Furthermore, pro-inflammatory
cytokines such as IL-6 can also activate pro-oxidant mediators such as
NADPH oxidase and increase reactive oxygen species (ROS) production
[25]. However, no significant differences with respect to the pro-in-
flammatory biomarkers, IL-6 and hs-CRP, were observed between the
groups investigated in the present study. Thus, these findings indicate
that the association between high serum uric acid and high urinary 8-
OHdG in patients with T2D does not seem to directly involve the ac-
tivation of the pro-inflammatory mechanisms investigated here.

Several reports suggest increased serum [26,27] and urinary [28]
levels of 8-OHAG in patients with pre-DM [26,29] and DM [28,30], as
well as in patients with diabetes with complications [21,31]. Most of
these studies propose that increased 8-OHdG levels in DM occur due to
the oxidative environment promoted by uncontrolled glycaemia.
However, in our observation, no difference in HbA, . and fasting glucose
levels were observed between the groups, which led us to believe that
other factors may contribute to the increase of nucleoside oxidation in
T2D. In this context, uric acid deserves attention once it initiates pro-
oxidant pathways. High uric acid levels have been reported to induce
intracellular oxidative stress in different cell types [9,11-14,32] and
rats [15] by activating RAS and NADPH oxidase. Interestingly, recent
evidence indicates that, during uric acid metabolism, the enzyme xan-
thine oxidoreductase produces free radicals, which can cause the in-
crease of ROS and 8-OHdG production [33].

In the presence of oxidants, uric acid can turn into an oxidant as
well [34,35]. DNA damage under oxidative conditions has also been
linked to uric acid levels [17,18]. There is evidence of oxidative damage
to guanine in patients with gouty arthritis as uric acid levels increase
[36]. Strong evidence of the relationship between hyperuricemia and
nucleoside oxidative damage was also provided by an in vitro study
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[10]. Hepatocytes incubated with increasing concentrations of uric acid

showed intracellular oxidative stress and increasing 8-OHdG levels as (101

the uric acid concentrations increased with longer incubation periods.

Interestingly, significant amounts of 8-OHdG were observed even at [11]

5mg/dL of uric acid, which is considered to be a normal concentration

in the plasma [10]. For these reasons, we speculate that high serum uric

acid, combined with other pro-oxidant changes related to diabetes, can [12]

activate and/or potentiate some pro-oxidant pathways that contribute

to the enhanced production of 8-OHdG as observed in patients with

T2D having serum uric acid =5.3 mg/dL. [13]
Unfortunately, this study has some limitations. Firstly, the number

of subjects enrolled was relatively small. Although we reported an as-

sociation between high serum uric acid and high urinary 8-OHdG in K
patients with T2D, it was not very strong, which may have been in-
fluenced by this relatively small number of investigated individuals. [1s]
Secondly, oxidation of nucleosides was assessed in relation to 8-OHdG
levels in urine, which was measured using commercial ELISA kits. It is [16]

relevant to note that this assay presents low specificity since it does not
discriminate between oxidized guanine nucleosides originating from

the DNA, RNA, or oxidized base. Despite these limitations, this study (171
reported an association between increased serum uric acid concentra-
tions and oxidation of nucleosides assessed in terms of urinary 8-OHdG
in T2D patients. It is already known that such damage can occur in
patients with T2D due to inadequate glycemic control. However, this [19]
study demonstrated the co-occurrence of high serum uric acid with high
urinary 8-OHdG levels in patients with T2D, independent of qgher
factors such as glucose and glycated hemoglobin levels. However,
ther research involving a larger population and other measures o
oxidant environments, such as NADPH oxidase and xanthi
eductase activities, is required to investigate the mechapj i
in this association.

18]
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