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RESUMO

A obesidade tornou-se a epidemia do século XXI, estimando-se a existéncia de 1,4 bilhdo de
adultos com excesso de peso. A inflamacdo cronica subclinica existente na obesidade é
associada com o aumento do risco de doengas cardiovasculares. O tecido adiposo, além de sua
funcdo energética, possui papel enddcrino por meio da secrecdo das adipocinas. Na obesidade,
os adipdcitos tornam-se disfuncionais, produzindo, em excesso, adipocinas pré-inflamatorias,
em detrimento das anti-inflamatorias. O desencadeamento do processo inflamatorio é a
ligacdo entre a obesidade e a aterogénese. Desta forma, marcadores de inflamacéo sdo alvos
em potencial para a prevencéo, diagnostico e tratamento da aterosclerose. A mieloperoxidase
(MPO) é uma enzima presente principalmente em neutréfilos, participante dos mecanismos de
defesa inata do organismo, através da producdo de espécies oxidantes que possuem atividade
antimicrobiana. Contudo, os oxidantes originados e a propria MPO participam de eventos que
apresentam papel fundamental na aterogénese, tais como oxidacdo do LDL-colesterol,
consumo de Oxido nitrico e ativacdo de proteases. Destarte, a MPO tornou-se objeto de
pesquisa e muitos estudos demonstram seu poder preditor de risco cardiaco em determinadas
situacBes. N&@o obstante, seu uso ainda ndo estd padronizado e os valores referenciais nao
estdo bem estabelecidos para o diagnostico laboratorial. O objetivo deste trabalho foi avaliar
os niveis de MPO e outros biomarcadores em individuos com diferentes faixas de indice de
Massa Corporal (IMC). Os resultados obtidos indicaram diferencas significativas entre os
grupos nos seguintes parametros: pressdo arterial sistdlica e diastdlica, HDL colesterol, taxa
triglicerideos/HDL, taxa HDL/LDL e contagem de leucdcitos. Niveis elevados de PCR-us
foram observados nos grupos com individuos obesos, porém ndo se constataram alteracdes
significativas para a MPO. Portanto, os niveis séricos de MPO ndo forneceram informacdes
laboratoriais clinicamente significativas na diferenciagdo dos grupos estudados.

Palavras-chave: Risco cardiaco. Inflamacgédo. Obesidade. Mieloperoxidase.



ABSTRACT

Obesity has become epidemic in XXI century and it is estimated that there are about 1.4
billion overweight adults. The existing subclinical chronic inflammation in obesity is
associated with increased risk of cardiovascular disease. Adipose tissue, in addition to its
energy function, has endocrine role through the secretion of adipokines. In obesity, adipocytes
become dysfunctional, producing excess proinflammatory adipokines at the expense of anti-
inflammatory. This inflammatory process is the link between obesity and atherogenesis. Thus,
inflammation markers are potential targets for prevention, diagnosis and treatment of
atherosclerosis. Myeloperoxidase (MPO), an enzyme found primarily on neutrophils,
participates on innate defense mechanisms of the body through the production of oxidizing
species that have antimicrobial activity. However, these oxidants and MPO act in events that
feature key role in atherogenesis, such as oxidation of LDL-cholesterol, consumption of nitric
oxide and activation of proteases. Therefore, the MPO has become subject of research and
many studies have shown its value as predictor of cardiac risk in certain situations. However,
its usage is not yet standardized and its benchmark values are not well established for
laboratory diagnosis. The aim of this study was to evaluate the levels of MPO and other
biomarkers in different Body Mass Index (BMI) ranges. The results indicated significant
differences between the groups in the following parameters: systolic and diastolic blood
pressure, HDL-cholesterol, triglycerides/HDL rate, HDL/LDL rate and white blood cells
count. Elevated levels of hs-CRP were observed in the groups with obese individuals, but no
significant changes were observed to serum MPO. Therefore, serum levels of MPO did not
provide information on clinically significant laboratory differentiation of groups.

Key words: Cardiac risk. Inflammation. Obesity. Myeloperoxidase.
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1.1 REVISAO BIBLIOGRAFICA

A obesidade pode ser definida como uma doenca cronica caracterizada pelo acumulo
excessivo de tecido adiposo no organismo (COUTINHO, 1999). Em termos de etiologia, a
obesidade é classificada como primaria ou secundaria. A iatrogénica ou secundaria ocorre em
decorréncia de tratamentos medicamentosos (antipsicoticos, antidepressivos, antiepiléticos,
esteroides, insulina) ou de certas doencas (Sindrome de Cushing, hipotireoidismo, defeitos
hipotalamicos; TIMAR, 1999). A obesidade priméaria € uma desordem que sobrevém a partir
de um balango energético positivo e compreende a maioria dos casos (ARONNE, 2002).

A obesidade, essencialmente a priméria, tornou-se a epidemia do século XXI,
estimando-se a existéncia de 1,4 bilhdo de adultos com excesso de peso, dos quais 200
milhGes de homens e 300 milhdes de mulheres sdo obesos. O sobrepeso e a obesidade séo
considerados o quinto maior fator de risco para mortes, resultando em pelo menos 2,8 milhdes
de mortes de adultos a cada ano (WHO, 2012).

Acompanhando a tendéncia mundial, o peso dos brasileiros vem aumentando nos
ultimos anos. A Pesquisa de Or¢camentos Familiares (POF) 2008-2009, realizada em parceria
entre o IBGE e o Ministério da Salde, mostrou que a obesidade e 0 excesso de peso tém
aumentado rapidamente nos Ultimos anos, em todas as faixas etarias. Neste levantamento,
50% dos homens e 48% das mulheres se encontram com excesso de peso, sendo que 12,5%
dos homens e 16,9% das mulheres apresentam obesidade. JA o déficit de peso segue no
declinio, regredindo de 8% em 1974-75 para 1,8% entre 0os homens e de 11,8% para 3,6%
entre as mulheres, em todos os estratos de renda, retratando o controle nos indices de
desnutricdo da populacdo adulta brasileira e o surgimento de um novo problema, o excesso de
peso (IBGE, 2010).

A classificacdo mais utilizada para a obesidade é baseada no indice de Massa Corporal
(IMC), obtido pela divisdo entre o peso, aferido em quilogramas, e o quadrado da altura,
aferida em metros (WHO, 2000). Segundo a Organizacdo Mundial da Saude, sobrepeso é
definido como IMC entre 25 e 29,9 Kg/m? e obesidade como IMC igual ou acima de 30
Kg/m?. A obesidade é classificada como grau | para IMC entre 30 e 34,9 Kg/m?, associado
com risco moderado, grau Il para IMC entre 35 e 39,9 Kg/m?, com alto risco, e grau 11l com
IMC de 40 Kg/m? ou acima deste valor, associado com alto risco de mortalidade. Porém, ha
evidéncias de que o risco de doencgas cronicas aumenta progressivamente a partir do IMC de
21 Kg/m? (WHO, 1995).
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A obesidade esta associada com o aumento da mortalidade, doengas cardiovasculares,
diabetes e canceres (OLUSI, 2002). Além disso, a associacdo da obesidade a hipertensdo e
outros fatores de risco cardiovasculares, tais como resisténcia a insulina, intolerancia a glicose
e dislipidemia, é forte e freqiiente. Esse agrupamento de fatores de risco, caracterizado como
sindrome metabdlica, tem alta prevaléncia na populacdo de adultos e tem sido detectado
também em criancas e adolescentes (LOPES, 2007).

O tecido adiposo €é o principal reservatério energético nos mamiferos. Os triglicerideos
armazenados possibilitam um fornecimento seguro de energia através de seu consideravel
valor energético e armazenamento com pouca agua associada (PEREIRA et al., 2006). Além
das funcdes termogénica e energética, o tecido adiposo passou a acumular mais um papel, o
de sinalizador, tendo sido reconhecido o seu desempenho fundamental no controle
metabolico, fisiologico e enddcrino dos 6rgdos (TRAYHURN, 2005). Os adip6citos secretam
varias citocinas e proteinas de fase aguda, conhecidas em seu conjunto como adipocinas, que,
direta ou indiretamente, elevam a producdo e a circulacdo de fatores relacionados com a
inflamacdo (BULLO et al., 2003). Adiponectina e leptina sdo as adipocinas mais abundantes
sintetizadas pelo tecido adiposo, embora existam varias, como o fator de necrose tumoral-
o (TNF-a), interleucina-6 (IL-6) e interleucina-1 (IL-1), entre outras (WEISBERG et al.,
2003).

Na obesidade, o tecido adiposo torna-se disfuncional, resultando na superproducéao de
adipocinas pro-inflamatérias em detrimento das anti-inflamatérias. O acimulo patoldgico
deste tecido disfuncional caracteriza a obesidade como um fator de grande risco para muitas
outras doencas, incluindo diabetes tipo 2, doencas cardiovasculares e hipertensdo
(MAENHAUT; VAN DE VOORD 2011).

Destarte, sabe-se que na obesidade ha a presenca de uma inflamacéao cronica moderada
(subclinica), representada pelo aumento de varias citocinas e proteinas de fase aguda
(PEREIRA et al., 2006). Segundo Volp et al. (2008), o processo inflamatdrio é o elo entre a
sindrome metabdlica e a aterogénese. Tal estado de inflamacédo originado por uma dieta pro-
inflamatdria e sedentarismo, entre outros fatores, e mediado, em parte, pelo estresse oxidativo
e por citocinas pro-inflamatorias, esta coligado ao desenvolvimento de doengas
cardiovasculares (DUNCAN et al., 2005).

Por conseguinte, pode-se supor que algumas biomoléculas importantes em processos
inflamatorios podem encontrar-se alteradas nestas situagdes, tornando seus marcadores alvos

potenciais para a prevencdo, diagnostico e tratamento da aterosclerose.
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A mieloperoxidase (MPO) é uma hemeproteina liberada por neutréfilos, mondcitos e
alguns subtipos de macrofagos teciduais, pela ativacdo do mecanismo de defesa inata
(ARATANI et al., 2004). Por meio da reacdo com peroxido de hidrogénio, produz radicais
livres e substancias oxidantes difusiveis com atividade antimicrobiana. Porém, além da funcéo
de defesa contra pat6genos invasores, 0s mesmos oxidantes derivados das rea¢fes enzimaticas
da MPO causam disfuncdo endotelial e tem importante impacto no desenvolvimento de
aterosclerose e sindromes coronarianas agudas (BRENNAN; HAZEN, 2003).

A MPO funciona como catalisadora da oxidacdo lipidica, tendo a habilidade de
modificar oxidativamente o amino&cido tirosina da apolipoproteina B-100 (apo B-100),
presente nas particulas de LDL. A modificacdo oxidativa do LDL leva ao aumento de sua
recaptacdo e degradacdo por macrofagos, resultando na formacdo das células espumosas das
estrias gordurosas, indicador caracteristico da aterosclerose (PODREZ et al., 1999). A MPO
também é capaz de limitar a biodisponibilidade do 6xido nitrico por meio de seu consumo
catalitico, além da inibicdo da atividade da 6xido nitrico sintetase e reducdo de seus co-
fatores, como NADPH, por meio dos oxidantes originados (BALDUS et al., 2001). Outra
propriedade da MPO € sua acdo moduladora sobre a cascata de proteases, participando das
complicagdes agudas da aterosclerose, estimulo a trombogenicidade e vulnerabilidade da
placa (HAZEN, 2004).

Portanto, a MPO apresenta papel fundamental em vérias etapas da aterogénese e pode
ser um marcador de risco precoce para doencas cardiacas. Brennan e Hazen (2003)
demonstraram que uma unica medida plasmatica de MPO pode predizer independentemente o
risco precoce de infarto do miocérdio, assim como o risco de eventos cardiacos adversos,
mesmo na auséncia de necrose do miocardio. H& estudos demonstrando que niveis elevados
de MPO predizem o risco de doenca coronéria arterial em grupos considerados de baixo risco
(MEUWESE et al., 2007), anunciam de maneira precoce o risco de futuros eventos
cardiovasculares em pacientes com sindromes coronarias agudas (BALDUS et al., 2003) e
aumentam a predicdo de risco cardiovascular de forma independente ou associada com outros
marcadores, como a proteina C reativa ultrassensivel (PCR-us) (HESLOP et al., 2010).

A MPO também pode ser considerada um marcador de estresse oxidativo. Além da
geracdo de varios radicais livres e oxidantes, a atividade da MPO também conduz a génese de
multiplos produtos de oxidacdo de &cido araquiddnico e linoléico (CHISOLM; STEINBERG,
2000).

Ainda ndo é consistente o valor preditivo adicional dos niveis de MPO na

estratificacdo de risco cardiovascular para incorpora-la a pratica clinica como sinalizadora de
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vulnerabilidade de placa. Os valores de referéncia para sua aplicagdo laboratorial no auxilio
ao diagnostico e avaliagdo de risco cardiaco pelo clinico ainda ndo estdo bem estabelecidos.
Estudos adicionais sdo necessarios para confirmar seu papel nas diferentes formas de
apresentacdo da cardiopatia isquémica, além da padronizacdo do ensaio, ponto fundamental
para a transi¢do desse marcador do ambiente de pesquisa para uso na rotina clinica.

Sendo assim, trabalhos que visem definir o uso da mieloperoxidase em condicGes de
salde e doenga sdo muito importantes, especificamente em pacientes obesos, 0s quais podem
ndo apresentar manifestacdo sintomatica e encontrar-se em estado subclinico de alteracfes

patoldgicas.

1.2 OBJETIVOS

1.2.1 GERAL
Este trabalho tem por objetivo, determinar os niveis de mieloperoxidase em diferentes
graus de obesidade, correlacionando a outros fatores metabdlicos e parametros laboratoriais

no acompanhamento médico.

1.2.2 ESPECIFICOS
1.2.2.1 Definir se a mieloperoxidase encontra-se elevada em individuos obesos;
1.2.2.2 Correlacionar o0s niveis séricos de MPO aos de outros marcadores
inflamatorios;

1.2.2.3 Mensurar a capacidade antioxidante total no soro destes pacientes.

1.3 MATERIAIS E METODOS

O protocolo do estudo (n° 12476/09) foi aprovado na Comissdo de Etica em Pesquisa
da Universidade Estadual de Ponta Grossa, conforme parecer 74/2009. Foram coletadas
amostras de voluntarios, obtidas no Laboratério Universitario de Analises Clinicas (LUAC).
Os pacientes foram esclarecidos sobre a pesquisa e responderam a uma entrevista sobre sua
condicdo clinica e assinaram o termo de consentimento, de acordo com o Comité de Etica.

Os materiais e métodos utilizados nesta pesquisa, bem como os resultados obtidos, sdo
descritos no artigo originado a partir deste trabalho. A dissertacdo é apresentada na forma
deste artigo no Capitulo 2, de acordo com as opgbes de formato apresentadas pelo

regulamento do Programa de Pés-Graduacdo em Ciéncias Farmacéuticas.



14

Figura 1 — Esquema geral dos métodos utilizados
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1.3.1 Artigo: Serum myeloperoxidase is not altered in obesity and overweight:
inflammatory and biochemical parameters evaluation

O artigo apresenta a avaliacdo da mieloperoxidase (MPO) como um potencial
biomarcador de risco cardiaco em individuos obesos na rotina laboratorial. Este artigo sera
submetido para avaliacdo pelo corpo editorial de revista cientifica Metabolism, Clinical and
Experimental (Qualis B1 na area de Farméacia e JCR 2011: 2,664).



15

1.4 REFERENCIAS

ARATANI, Y.; KURA, F.; WATANABE, H. In vivo role of myeloperoxidase for the host
defense. Japanese Journal of Infectious Diseases, p. 57-72, 2004.

ARONNE, L. J. Classification of obesity and assessment of obesity-related health risks.
Obesity Research, v. 10, p. 105-120, 2002.

BALDUS, S.; et al. Endothelial transcytosis of myeloperoxidase confers specificity to
vascular ECM proteins as targets of tyrosine nitration. Journal of Clinical Investigation, v.
108, p. 1759-1770, 2001.

BALDUS, S.; et al. Myeloperoxidase serum levels predict risk in patients with acute coronary
syndromes. Circulation, v. 108, p. 1440-1445, 2003.

BRENNAN, M. L.; HAZEN, S. L. Emerging role of myeloperoxidase and oxidant stress
markers in cardiovascular risk assessment. Current Opinion in Lipidology, v. 14, p. 353-
362, 2003.

BULLO, M.; et al. Systemic inflammation, adipose tissue tumor necrosis factor, and leptin
expression. Obesity Research, v. 11, p. 525-531, 2003.

CHISOLM, G. M.; STEINBERG, D. The oxidative modification hypothesis of atherogenesis:
an overview. Free Radical Biology and Medicine, v. 28, p. 1815-1826, 2000.

COUTINHO, W. F. Consenso Latino Americano de Obesidade. Arquivos Brasileiros de
Endocrinologia e Metabologia, v. 43, p. 21-67, 1999.

DUNCAN, B.B.; DUNCAN, M.S.; SCHMIDT, M.I. Inflamac&o subclinica, obesidade,
diabetes e doencas relacionadas. Revista do Hospital das Clinicas de Porto Alegre, v. 25, p.
5-16, 2005.

HAZEN, S.L. Myeloperoxidase and plaque vulnerability. Arteriosclerosis, Thrombosis and
Vascular Biology, v. 24, p. 1143-1146, 2004.

HESLOP, C.; et al. Myeloperoxidase and C. reactive protein have combined utility for long-
term prediction of cardiovascular mortality after coronary angiography. Journal of American
College of Cardiology, v. 58, p. 1102-1109, 2010.



16

IBGE. Comunicacao Social 27 de agosto de 2010. Disponivel em:
<http://www.ibge.gov.br/home/presidencia/noticias/noticia_visualiza.php?id_noticia=1699&i
d_pagina=1> Acesso em: 10 de setembro de 2012.

LOPES, H.F. Hipertensao e inflamacéo: papel da obesidade. Revista Brasileira de
Hipertensao, v. 14, p. 239-244, 2007.

MAENHAUT, N.; VAN DE VOORD, J. Regulation of vascular tone by adipocytes. BMC
Medicine, v. 9, p. 1-12, 2011.

MEUWESE, M. C.; et al. Serum myeloperoxidase levels are associated with the future risk of
coronary artery disease in apparently healthy individuals: the EPIC-Norfolk prospective
population study. Journal of American College of Cardiology, v. 50, p. 159-165, 2007.

OLUSI, S. O. Obesity is an independent risk factor for plasma lipid peroxidation and
depletion of erythrocyte cytoprotectic enzymes in humans. International Journal of
Obesity, v. 26, p. 1159-1164, 2002.

PEREIRA, F.; CORREIA, F.; ALMEIDA, M.D.V. Obesidade e inflamacao: o elo
reconhecido. Nutricias, v. 6, p. 40-43, 2006.

PODREZ, E. A.; et al. Myeloperoxidase-generated reactive nitrogen species convert LDL into
an atherogenic form in vitro. Journal of Clinical Investigation, v. 103, p. 1547-1560, 1999.

TIMAR, R. Obezitatea adultului. Clinica Medicala. p. 83-198, 1999.

TRAYHURN, P. Endocrine and signalling role of adipose tissue: new perspectives on fat.
Acta Physiologica Scandinavica, v. 184, p. 285-293, 2005.

VOLP, A.C.P.; et al. Capacidade dos biomarcadores inflamatorios em predizer a sindrome
metabolica. Arquivos Brasileiros de Endocrinologia e Metabologia, v. 52, p. 537-549,
2008.

WEISBERG, S.P.; et al. Obesity is associated with macrophage accumulation in adipose
tissue. Journal of Clinical Investigation, v. 112, p. 1785-1788, 2003.

WORD HEALTH ORGANIZATION. Obesity preventing and managing the global
epidemic: Report a WHO Consultation on Obesity. Geneva: WHO, 2000.


http://www.ibge.gov.br/home/presidencia/noticias/noticia_visualiza.php?id_noticia=1699&id_pagina=1
http://www.ibge.gov.br/home/presidencia/noticias/noticia_visualiza.php?id_noticia=1699&id_pagina=1

17

WORD HEALTH ORGANIZATION. Obesity and overweight. Disponivel em:
<http://www.who.int/mediacentre/factsheets/fs311/en/>. Acesso em: 12 de agosto de 2012.

WORD HEALTH ORGANIZATION. Physical status, the use and 1358 interpretation of
anthropometry. Geneva: WHO, 1995.


http://www.who.int/mediacentre/factsheets/fs311/en/

CAPITULO 2

(ARTIGO)

18



19

Serum myeloperoxidase is not altered in obesity and overweight: inflammatory and
biochemical parameters evaluation

Gisele Chibinski Parabocz®, Josilaine Tonin Ribas® Harli Pasquini Netto®, Fabiane Cristina
Erdmann®, Lorena Degraf Wiecheteck®, Francine Alessandra Manente®, Lucas Rosolen de
Almeida Mello?, Danielle Cristyane Kalva Borato?, Fabio André dos Santos®, Luciana Maria
Borba?, José Carlos Rebuglio Vellosa®".

% Parana State University of Ponta Grossa - UEPG, Department of Clinical and
Toxicological Analysis, Uvaranas Campus, Ponta Grossa - PR, Brazil

® Parana State University of Ponta Grossa - UEPG, Department of Dentistry, Uvaranas
Campus, Ponta Grossa - PR, Brazil

*Corresponding author. Universidade Estadual de Ponta Grossa, Programa de P6s-Graduacao
em Ciéncias Farmacéuticas, 4748 General Carlos Cavalcanti Avenue, Uvaranas, Ponta Grossa
- PR, Brazil, Zip Code: 84030-900; Tel.: +55 42 32203120.

Abstract

Objective: Obesity is a low-grade chronic inflammation and it is associated with increased
cardiovascular risk. There are many researches looking for new biomarkers that are able to
predict the occurrence of future cardiovascular complications. The aim of this study was to
assess levels of myeloperoxidase (MPO) and other biomarkers in obese patients.
Materials/Methods: The study included 174 volunteers: 45 individuals with BMI < 25 kg/m?
(control group), 43 individuals with overweight (BMI = 25.0 to 29.9 kg/m?), 41 individuals in
class | obesity (BMI = 30.0 to 34.9 kg/m?), 30 individuals in class 1l obesity (BMI = 35.0 to
39.9 kg/m?), 15 individuals in class 111 obesity (BMI 240.0 kg/m?). We analyzed biochemical
and hematological parameters, total antioxidant capacity (TAC), MPO and Hs-PCR of all
study patients.

Results: There were significant increases in systolic and diastolic blood pressure, HDL
cholesterol and the ratios of triglycerides to HDL cholesterol and HDL to LDL cholesterol to
the groups in relation to control. Significantly elevated levels of Hs-CRP and TAC were
observed in the groups with obesity, but MPO did not show a significant increase. MPO
demonstrated a correlation with white blood cell count (0.400) and Hs-CRP (0.262).
Conclusions: Many biomarkers demonstrated a increased cardiovascular risk to obese
individuals, but serum levels of MPO did not provide information on clinically significant
laboratory differentiation of studied groups.

Abbreviation

MPO, myeloperoxidase; BMI, body mass index; TAC, total antioxidant capacity; Hs-CRP,
high-sensitivity C-reactive protein; HDL, high density lipoprotein; LDL, low density
lipoprotein;  IL-6, interleukin-6; TNF-a, tumor necrosis factor-alpha; EDTA,
ethylenediaminetetraacetic acid; GPT, glutamic pyruvic transaminase; GOT, glutamic oxalic
transaminase; ABTS, 2,2-azinobis-3-ethylbenzothiazoline-6-sulfonate; ESD, erythrocyte
sedimentation rate.
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1. Introduction

Obesity is becoming a global epidemic. In the year 2008, about 1.4 billion adults were
overweight in the world, which over 200 million men and nearly 300 million women were
obese [1]. Overweight and obesity are defined as abnormal or excessive fat accumulation that
may impair health, and both are the fifth leading risk for global deaths [1]. Currently,
overweight and obesity are classified using the body mass index (BMI). In adults, overweight
is defined as a BMI of 25.0 to 29.9 kg/m* and obesity is defined as a BMI >30.0 kg/m? [2].
Body mass index (BMI) provides the most useful population level measure of overweight and
obesity as it is the same for both sexes and for all ages of adults. It is defined as a person's
weight in kilograms divided by the square of his height in meters (kg/m?) [1].

Numerous studies have documented that obesity is associated with the presence of
systemic hypertension, coronary heart disease, arteriosclerosis, type 2 diabetes mellitus as
well as an increased mortality risk [3]. At the same time, obesity has also been associated with
the alteration of several metabolic and hormonal parameters, including hyperinsulinemia,
increased insulin resistance and elevated plasma glucose [4] as well as dyslipidemia [5].

Obesity is associated with chronic inflammation [6]. The reports indicated that
increased pro-inflammatory factors, such as interleukin-6 (IL-6), resistin, and tumor necrosis
factor-alpha (TNF-a), are observed in obesity-related diseases [7]. It is necessary the
maintenance of a normal amount of adipose tissue because the deregulate adipocytokines
releasing may lead to inflammation and vascular disturbances [8]. Leptin, one of the most
abundant adipocytokines, have been implicated as direct participant in the regulation of
coronary vasomotor function in obesity [9].

It is suggested that the induction systemic oxidative caused by obesity per se and the
increase oxidative stress in accumulated fat subscribe to dysregulation of adipocytokines and
development of metabolic syndrome [10]. As an early generator of obesity-associated
metabolic syndrome, increased oxidative stress in accumulated fat should be an important
target for the development of new therapies and biomarkers.

Biomarkers play important role in risk stratification of coronary atherosclerosis
development, although the underlying pathomechanism has not been completely clarified to
date [11]. The interaction between sedentary lifestyle, certain dietary patterns and genetic
factors is generally considered to contribute to its pathogenesis [12].

Myeloperoxidase (MPO) is a leukocyte derived enzyme-generating reactive oxidant
species with mainly microbicidal properties [13]. This hemeprotein is considered to be a
potential marker of cardiovascular disease (CVD). Recent studies have emphasized the
importance of MPO in CVD progression [14, 15]. Myeloperoxidase seems to play a
potentially important role in promoting the progression of atherosclerosis, thus triggering the
occurrence of acute vascular events. Patients with coronary artery disease when compared to
healthy subjects present MPO levels significantly higher [16].

MPO can promoting vascular disease through several mechanisms, including the
generating dysfunctional high-density lipoprotein (HDL) by selectively modifying
apolipoprotein  A-1, stimulating conversion of low-density lipoprotein (LDL) into an
atherogenic form, promoting vulnerable plaque, and promoting myocardial dysfunction and
abnormal ventricular remodeling after myocardial infarction [17]. Myeloperoxidase also
promoting endothelial dysfunction, decreasing nitric oxide's bioavailability [18].

The combination of these detrimental effects has culminated in the concept that MPO
may be an active mediator of atherogenesis and can predict future cardiovascular events [13].
Considering there is a continuous search for novel, more powerful biomarkers that are able to
predict the occurrence of future cardiovascular complications, our study aim was to assess
levels of MPO and its correlation with other biomarkers in obese patients.
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2. Materials and methods
2.1. Subjects

The volunteers were patients from the University Laboratory of Clinical Analyses
(LUAC-UEPG). All volunteers gave informed consent for their participation in this research.
In total, 187 individuals were selected for the study. Inclusion criteria were age over 18 years
and no infection or chronic inflammatory underlying disease.

Anthropometric measurements were taken using standardized techniques and
calibrated equipment. Body mass index (BMI) was calculated as weight (in kilograms)
divided by height squared (in square meters). The following WHO-recommended criteria
were used: overweight (BMI = 25.0 to 29.9 kg/m?); class | obesity (BMI = 30.0 to 34.9
kg/m?); class 11 obesity (BMI = 35.0 to 39.9 kg/m?); and class 111 obesity (BMI 240.0 kg/m?)
[19]. Blood pressure was measured with a standardized sphygmomanometer after 10 minutes
of rest in the sitting position.

2.2. Ethics

All participants were informed about the survey and freely signed and dated the
consent form. The protocol was approved by the Ethics in Research Committee of the State
University of Ponta Grossa (74/2009) and was conducted in accordance with the Helsinki
Declaration.

2.3. Laboratory analysis

Blood samples were obtained in the morning after 12 hours of fasting. The clinical
histories of the study participants, such as age and sex, current history of infection, systemic
arterial hypertension, diabetes mellitus and medicines used, were obtained at the time of blood
collection. In total, 10.0 mL of blood was collected in tubes without an anticoagulant and 10.0
mL of total blood was collected in tubes with an anticoagulant (EDTA -
ethylenediaminetetraacetic acid). The tubes without anticoagulant were immediately
centrifuged to obtain serum and separated into two aliquots, one for the evaluation of
biochemical and immunological parameters and the other frozen at —80 °C for the subsequent
analysis of myeloperoxidase. The tubes with anticoagulant were used for the analysis of
hematological parameters.

2.4. Biochemical parameters

The levels of glucose, total cholesterol, high density lipoprotein (HDL cholesterol),
triglycerides, alfa-1 glycoprotein, creatinine, uric acid, urea, glutamic pyruvic transaminase
(GPT) and glutamic oxalic transaminase (GOT) were measured using an automated method in
Selectra Junior (Vital Scientific, Netherlands). When levels of triglycerides below 400mg/dL
were observed, the Friedewald equation (LDL cholesterol = [total cholesterol] — [HDL
cholesterol] — ([triglycerides] /5)) was used to determine the levels of low density lipoprotein
(LDL cholesterol). Measurements of glycated hemoglobin (HbA1c) were obtained in Dia Fast
(Prime Diagnostics) using the method of low pressure chromatography.

The Total Antioxidant Capacity Assay (TAC) of serum was measured by a method
based on 2,2-azinobis-3-ethylbenzothiazoline-6-sulfonate (ABTS). The pre-formed radical
monocation of ABTS (ABTS™) is generated by oxidation with potassium persulfate.
Antioxidants in the sample suppress the formation of the radical cation to a degree which is
proportional to their concentration [20]. In our study, we express TAC as percentage total
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scavenging capacity (%), comparing the results with a control tube without serum. All
samples were measured in duplicate.

2.5. Hematological parameters

The samples were subjected to cell counts using a Cell-Dyn1400 hematology counter
(Abbott, Quebec, Canada) to obtain the number of total leukocytes and the absolute neutrophil
count. The erythrocyte sedimentation rate (ESD) was obtained by Westergren method.

2.6. High sensitive C reactive protein (Hs-CRP)

The Hs-CRP levels were determined by turbidimetry using the Selectra Jr. device
according to the manufacturer's instructions (CRP U-hs, DiaSys, Germany).

2.7. Myeloperoxidase

The myeloperoxidase levels in serum were determined by an enzyme immunoassay
technique (ELISA, enzyme-linked immunosorbent assay) in the capture format, according to
the manufacturer's instructions (Consultants Immunology Laboratory, USA).

2.8. Statistical analysis

The patient laboratory data were presented as the mean and standard deviation for
continuous variables and for categorical variables such as numbers and percentages. The
normality of distributions of the some response variables was controlled with the
Kolmogorov-Smirvov test. Before statistical analyses, logarithmic transformations of the
variables that did not display a normal distribution were made. In this way, the data were
presented descriptively using the means and standard deviation. The possible differences
between groups were found using the chi-square (y2) test for categorical variables and the
analysis of variance (ANOVA) followed by the Tukey post test for continuous variables. To
determine the possible correlations between the laboratory parameters, we used the Pearson
correlation. In all tests, the level of significance was pre-set at p<0.05. The analyses were
performed using a statistical program (SPSS™ version 18 for Windows, SPSS do Brasil, S&o
Paulo, SP, Brazil).

3. Results

One hundred and seventy four individuals met the inclusion criteria, and the
characteristics of the groups are compared in Table 1, which presents the number of cases of
hypertension and diabetes, according to an interview with the patients. The age and
distribution between males and females was similar among the five groups, demonstrating
that the study population was homogeneous. The groups of obese patients, as expected,
showed more cases of hypertension and diabetes mellitus in relation to the control.
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Table 1 — Characterization of studied groups: control (CON), overweight (OW), class | obesity (OB
), class 11 obesity (OB 1), and class 111 obesity (OB I111).

Characteristics CON ow OB OB Il OB 1l Value
(n=45) (n=43) (n=41) (n=30) (n=15) p
Age (years)* 38.24+1564 44.12+1506 45.61+13.29 44.53+13.02 48.87+1297 0.059™
Gendert
Female 35 (79) 29 (67) 36 (88) 27 (90) 10 (67) 0.064™
Male 10 (21) 14 (33) 5(12) 3(10) 5(33)
BMI (Kg/m?) 21.86£2.14° 27.17+1.14° 31.73+1.31° 37.17+1.43" 4530+4.87° <0.001°
SAHY
No 41 (91) 31 (72) 31 (76) 18 (60) 5(33) <0,001°
Yes 4(9) 12 (28) 10 (24) 12 (40) 10 (67)
DM+
No 45 (100) 40 (93) 36 (88) 30 (100) 11 (73) ---
Yes 0 (0) 3(7) 5(12) 0 (0) 4(27)
Values are mean £ SD or absolute and relative (%) frequencies. SAH. systemic arterial hypertension
* ANOVA and Tukey post hoc test. DM. diabetes mellitus
%2 "Non-significant.

+1 Descriptive statistics only. 5 cells (50%) have expected count °Significant.

less than 5. The minimum expected count is 1.03, x2 is not

appropriate.

Horizontally (BMI), different letters indicate statistically significant differences among conditions.

The groups exhibited significant differences compared to the control group (Table 2)
to a few parameters, including systolic and diastolic blood pressure, HDL and the ratios of
HDL to LDL and triglycerides to HDL. Fasting glucose, urea, creatinine, total cholesterol,
LDL, GPT, GOT and HbAlc showed no statistical difference between any groups. Among
the inflammatory parameters, alpha-1 glycoprotein demonstrated significant difference for the
control group only when related to the class Il obesity group. The ESR did not show
difference amid overweight and class Il obesity to control group. Hs-CRP was different
between control and the three classes of obesity groups, revealing an inflammatory status and
a possible cardiac risk. However, the MPO did not show a significant increase, as seen in
Graphic 1.

Only two subjects, both belonging to the obesity class Il group, presented MPO levels
above 350 mg/L, considered the cutoff for elevated cardiovascular risk [21]. With regard to
Hs-CRP, values above 3 mg/L are associated with future cardiovascular events [22], and
levels above this value were observed in up to 28% of the control group, 35% of the
overweight group and 49%, 50% and 76% of the class I, 1l and 1l obesity groups,
respectively.
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Parameters CON ow OB I OB II OB Il Value
(n=45) (n=43) (n=41) (n=30) (n=15) p
Systolic blood 121.18+17.53° 132.55+17.82%®  136.77 £24.06° 13577 +15.02° 158.60 + 21.66° < 0.001°
pressure (mmHg)
Diastolic blood 72,59 + 10.50°  82.71 +10.84° 84.25+14.45"  86.30+11.77°  93.93+16.72° <0.001°
pressure (mmHgQ)
Fasting Glucose 82.91 + 10.77 88.60 + 12.56 91.54 + 21.40 89.20 + 17.39 92.33+12.75 0.063"™
(mg/dL)
Urea (mg/dL) 27.31+8.98 29.44 + 8.22 29.44 + 10.89 28.50 + 6.37 33.40 + 10.89 0.243"™
Creatinine (mg/dL) 0.96 +0.15 1.00 0.20 0.94+0.16 0.93+0.17 0.99+0.20 0.456™
Total cholesterol 170.13+35.79  174.84 + 40.68 186.46 + 40.75 181.50 + 4555  180.13+48.46  0.423™
(mg/dL)
HDL (mg/dL) 56.18 + 16.38°  45.86 + 13.56" 47.54 + 16.46% 45.27 +14.01°  41.00 + 13.56° 0.002°
LDL (mg/dL) 95.29 + 35.03 99.49 + 37.73 110.66 + 33.41 115.07 £38.05 10440 +44.37  0.133™
LDL/HDL 1.89 + 0.99 2.42+1,28° 2.65+1.21° 2.66 + 1.15° 2.88+1.72° 0.012°
Triglycerides 93.87 +33.63° 148.05+76.80° 128.78+77.16® 119.87 +42.05® 173.20+67.83°  <0.001°
(mg/dL)
Triglycerides/HDL 1.82 + 0.89° 3.73+2.68° 3.29+2.54° 2.98 +1.48° 5.08 + 3.40° <0.001°
Uric acid (mg/dL) 459 + 1.34° 5.50 + 1.39° 4.99 +1.10® 5.79 + 1.47° 7.12 +1.79° <0.001°
GOT (UI/L) 21.73 +7.66 22.49 + 6.32 25.34 + 14.26 27.47 £ 17.00 26.00 + 7.73 0.209™
GPT (UI/L) 12.09 + 11.10 12.88 + 6.60 14.34 +12.73 13.30 + 11.04 13.73 £ 5.56 0.638™
HbAlc (%) 5.36 + 1.46 5.53 + 1.62 5.69 + 1.10 5.69 + 0.69 6.02 + 0.69 0.185™
Alpha-1glycoprotein ~ 49.86 +35.94°  65.63+37.60°°  61.41+46.20°  60.60 +44.67" 118.86+91.07°  0.012°
ESR (mm/h) 9.96 + 7.66° 10.91 + 9.28% 17.03 + 13.09° 17.55+10.00°  16.87 + 12.85% 0.001°
Hs-CRP (mg/L) 2.12 £2.10° 2.80 £ 2.70%® 4.89 + 4.66b° 4.32 +4.08" 8.24 +8.20° <0.001°
MPO (ng/mL) 104.07 +40.60  112.01 +49.10 108.48 + 50.53 121.53+81.50  129.30 +54.10 0.482°

Horizontally, different letters indicate statistically significant differences among conditions (ANOVA and Tukey post hoc test).
"Non-significant; *Significant.
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Graphic 1 — Means and standard deviation of myeloperoxidase. There were no statistical
differences for the groups: control (CON), overweight (OW), class | obesity (OB 1), class Il
obesity (OB I1), and class 11 obesity (OB II1).
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The hematological parameters are present in Table 3. The biggest difference between
the groups was found in white blood cell count, reflecting the increase in monocytes and
neutrophils count.

Table 3 — Mean + SD of hemogram for the groups: control (CON), overweight (OW), class |
obesity (OB 1), class Il obesity (OB Il), and class I11 obesity (OB 111)

Parameters CON ow OB OBl OB Il Value
(El\%tp?f)’cytes 4,7520,43% 4,8240,44°  470:0,40%°  4,5410,26" 4,81£0,41°  0,103™
a‘;g‘l_o)g")bi“ 13,0741,34°  14,19+145  13,72¢137°  13,39+1,14°  1410+1,23°  0,176"
Hematocrit (%) 41,724341°  4191£387°  40,78£381°°  30,36:3,10°  41,71+376%° 0,069
MCV (iL) 87,95:3,34°  8745:320°  86,80+4,11°  86,71t549°  8644:346°  0,529™
MCH (pg) 2043+1,36"  29,61+1,36°  29,21+1,66°  20,49+204° 29224125  0,768"™
MCHC (g/dL) 3346£1,22°  3386£0,88°  33,54+1,19°  34,04+107°  33,81:056°  0,161"
\(/Ygsitgecls'r:]f_c)’”m 5,8+1,6° 6,5+1,6" 6,3+1,6% 6,1+1,6" 8,1+1,9°  <0,001°
'a’gl‘ézﬁmf)s 2,2+0,6° 2,20,7° 2,2+0,6° 2,3£0,6° 2,1#0,9°  0,639™
'(\(’:';Tfrﬁ{t)es 2739+185,8°  340,9+278,9%°  3114+1754%° 386,5:236,4°°  481,4+281,2°  <0,001°
(EC%SI:;‘;F’L?"S 135,5+117,0°  237,4+230,3°  180,2¢173,5%" 168,5+133,6°° 141,6+153,22° 0,07
Neytrophils 3,2+1,1° 3,5614% 35:12%  3,041,6% 46+1,6° 0,02

(10°cell/mL)
Horizontally, different letters indicate statistically significant differences among conditions (ANOVA and Tukey
post hoc test).
"Non-significant; *Significant.
M/uL — million per microliter; g/dL — grams per deciliter; fL — femtoliters; pg —picogram; cell/mL — cells per
milliliter; MCV — mean corpuscular volume; MCH — mean corpuscular hemoglobin; MCHC — mean corpuscular
hemoglobin concentration

Correlation coefficients were computed among analyzed parameters (Figure 1). The
parameters significantly (p<0,01) and most strongly correlated with BMI were systolic
(0.435) and diastolic blood pressure (0.434), uric acid (0.407) and Hs-CRP (0.396). Higher
levels of MPO were related to white blood cell count (0.400) and Hs-CRP (0.262). Other
parameters strongly correlated each other were total cholesterol and neutrophil count (0.646).
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Figure 1 — Correlation coefficients among analyzed parameters.
CRP — C reactive protein; DBP — diastolic blood pressure; GOT — glutamic oxalic transaminase; GPT — glutamic
pyruvic transaminase; HDL — high density lipoprotein; LDL — low density lipoprotein; SBP — systolic blood
pressure; TG — Triglycerides.
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TAC has been used as comprehensive measures of radicals quenching capacity by
antioxidants in serum. The groups with BMI>30 kg/m? had a better scavenging capacity than
the control (Graphic 2). This could be at least in part explained by the significant increase of
uric acid, which is an important contributor to TAC. There is a positive correlation between
uric acid and total scavenging capacity (0.240).
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Graphic 2 — Total scavenging capacity (%) for the groups control (CON), overweight (OW),

class | obesity (OB 1), class Il obesity (OB 1), and class 111 obesity (OB I111I).
* statistical difference to control




27

4. Discussion

MPO has been linked to the initiation and propagation of atherosclerosis by the
generation of diffusible oxidants and radical species which result in the oxidation of LDL and
generation of other atherogenic lipoproteins, the consumption of nitric oxide and development
of endothelial dysfunction [13]. Consequently, the elevation of MPO levels found in the obese
population could be regarded as a signal of atherosclerosis and, thereby, a greater propensity
towards future cardiovascular events. MPO has been associated with cardiovascular disease in
many studies [23, 16] and many conditions may cause its increase [24]. Contrary to
expectations, in our study, the MPO did not show an increasing with BMI. Moreover, levels
of MPO in the above mentioned studies were higher than in our volunteers. The present
findings confirm that MPO is probably more closely related to acute events, rather than to the
presence of stable inflammation caused by obesity.

Although, with the present results, the MPO has not been seen as a good indicator of
cardiac risk for obese patients, other parameters already consolidated pointed to the increased
risk as leukocyte count, Hs-CRP, and rates TG/HDL-C and LDL-C/HDL-C.

The white blood cells count in the overweight and class 111 obesity groups was higher
as compared with control in accordance with previous researches [25]. But despite this, MPO
was not significantly higher in obese groups. This fact may be explained by an impaired
leukocyte function. At least, a previous study showed lower MPO levels in lymphocytes and
neutrophils in patients with diabetes mellitus 2 when compared with healthy controls [25].

It is known that higher levels of Hs-CRP is a predictor of cardiovascular disease and
may play an important role in the different stages of the development of atherosclerosis [26].
Claire 2010, demonstrated that patients undergoing selective coronary angiography with
either MPO or CRP elevated had 5.3-fold higher cardiovascular mortality risk, and patients
with high levels of both MPO and CRP had a 4.3-fold risk compared with patients with only
elevated marker [27]. In agreement with results obtained in previous studies, our data proved
that plasma Hs-CRP level had significant positive correlation with BMI and MPO [26, 28].
The connection between adipose tissue and low-grade chronic inflammation may be explained
by the fact of fat cells produce cytokines, in particular IL-6 that induces the synthesis of CRP
by the liver. This may be of pathogenic significance as CRP stimulates the uptake of LDL by
macrophages, induces complement activation which may cause cellular damage in the artery,
and enhances monocyte production of tissue factor, thus enhancing the risk of thrombosis
[29].

In accordance with other studies [23, 30, 31] we found a weak negative correlation
between MPO and HDL cholesterol. Indeed, MPO binds to apolipoprotein Al of HDL
particles and may subsequently be inactivated or excreted [15]. Furthermore, MPO may be
involved in generating dysfunctional HDL and thus promote atherogenesis by this pathway
[32].

The joint occurrence of high triglyceride level and low HDL-c characterizes the
dyslipidemia of Metabolic Syndrome [33]. The ratio of TG/HDL-c serves as a summary
measure for either elevated triglyceride level, low HDL-c, or both and has been proposed as
an easily obtainable atherogenic marker [34]. A high TG/HDL-c ratio correlates with LDL
phenotype B, small HDL particles, and insulin resistance [35].

In recent years, case-control and prospective studies have linked the ratio of TG/HDL-
¢ to CVD incidence, outcomes, and all-cause mortality [36, 37], with improved predictive
power in some studies compared with LDL-C or non-HDL-C [38]. In our study, this rate was
significantly different between the groups and the control. Whereas the value of this ratio
should be below 2, only the control group reached the optimal value, while the class IlI
obesity group got the ratio above 4, a value considered high [39], showing that this group has
a higher cardiovascular risk. Another option that can be utilized as an accurate predictor of
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cardiovascular risk is the LDL-C/HDL-C ratio, which is more accurate than LDL-C or HDL-
C alone [40, 41]. Our results showed a growing trend in the value of this rate with increasing
BMI. Using this parameter allows observation of increased cardiovascular risk among groups
more consistently than when observed only the LDL-C value. Both rates showed positive
correlation with the neutrophil count (TG/HDL-C 0.395; LDL-C/HDL-C 0.520, p<0.001),
relating the imbalance lipid to the inflammatory state.

Evidence that obesity is related to an increased oxidative stress can be found in the
literature [42, 43]. Increased oxidative stress in a situation of fat accumulation is an important
pathogenic mechanism of obesity-associated metabolic syndrome and higher cardiac risk.
Collective antioxidant capacity measured by TAC represents free radical inhibition by all the
antioxidants in a tissue sample such as plasma or serum. Several studies have found lower
TAC values in obese people than in nonobese people [44, 45] and animal models of obesity
[46]. The inverse was observed in our study. This result may be obtained in part by the
significant increase of uric acid, considering that the TAC not only measures the well-known
antioxidants, such as vitamins C and E, beta-carotene, glutathione, cysteine, dihydrolipoate,
ubiquinol, and polyphenols, but also determines the contributions to defense against oxidative
damage by other substances such as albumin, uric acid, bilirubin, and other molecules present
in the body [47]. It is already known obese subjects frequently have hyperuricemia and there
is a positive correlation between body weight and serum uric acid level [48]. Although uric
acid is a non-enzymatic antioxidant, its increased production may increase free radical
production due to activation of the xanthine oxidase enzyme system and radical anion
superoxide production [49]. Moreover, protein glycation, which occurs in glicose metabolism
impairment, may lead to muscle wasting and increased release of purine, the main source of
uric acid as well as in activity of xanthine oxidase [50].

Finally, assay-related issues such as the use of different detection antibodies limit the
transferability of results obtained on one MPO assay to another. A systematic review of their
analytical characteristics is needed, for a comparison of results obtained from different MPO
assays [51]. In conclusion, MPO provided no relevant clinical information in our study. Given
the summarized evidence, it thus is doubtful whether MPO is useful for the clinical work-up
of obese patients.
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3.1 CONSIDERACOES FINAIS

As doengas cardiovasculares representam uma das maiores causas de morbidade e
mortalidade em todo 0 mundo. Um dos fatores de risco para tais doencas e que se encontra em
observavel ascendéncia ¢é a obesidade. Hoje, o papel da mieloperoxidase no desenvolvimento
da aterogénese, em Vérias de suas etapas, ja esta estabelecido, o que a torna candidata a novo
marcador laboratorial. O estudo de novos marcadores especificos e mais precoces sao
relevantes, a medida que permitem acOes preventivas e terapéuticas eficientes na promocao da
saude.

Tendo esses apontamentos em vista, buscou-se avaliar os niveis de mieloperoxidase,
dentre outros marcadores classicamente utilizados, em diferentes graus de obesidade. Varios
dos parametros analisados mostraram alteracdes, acompanhando o aumento do indice de
massa corporal, ressaltando o risco elevado ao qual os pacientes obesos estdo expostos.
Dentre eles, ressalta-se a contagem de leucdcitos, a proteina C reativa ultrassensivel e as taxas
triglicerideos/HDL e LDL/HDL. Contudo, a mieloperoxidase ndo demonstrou um
crescimento significativo em individuos obesos.

Neste contexto, a mieloperoxidase pode ser um parametro de grande potencial
preditivo de risco cardiaco em pacientes com doencas cardiacas ja estabelecidas, como varios
estudos demonstram, porém, de acordo com 0s nossos resultados, ndo ha proficuidade no uso
da mieloperoxidase para o prognostico de risco cardiaco em pacientes obesos. Tal resultado é
importante, pois a utilizacdo de um novo marcador na rotina laboratorial exige a padronizacéo
e validacdo de novos métodos e 0s custos para implantacdo e compra de materiais e reagentes
sdo elevados. Portanto, a sua aplicacdo no monitoramento laboratorial de auxilio ao
diagnostico clinico em varias populacbes deve ser investigada de forma criteriosa e mais

aprofundada em estudos prospectivos.
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