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A cardiopatia isquémica (Cl) € uma das principais doengas cardiovasculares. O
termo “isquemia” refere-se a falta de oxigénio, secundaria a perfusao inadequada do
miocardio, que gera desequilibrio entre a oferta e a demanda deste gas. A causa
mais comum de isquemia miocardica é a doenga aterosclerotica obstrutiva das
artérias coronarias, causada por ruptura ou ulceragdo da placa ateromatosa e
consequente formacdo de trombo. As plaquetas sdo um dos mais importantes
componentes do sangue que participam na regulagdo dos processos
tromboembdlicos por liberagdo de substancias ativas como os nucleotideos de
adenina, ATP e ADP. Uma vez exercida sua acao esses nucleotideos sao
degradados por um grupo de enzimas denominadas de ectonucleotidases. Essas
sao responsaveis pela hidrolise do ATP e ADP até AMP e consequente formacao da
adenosina, uma molécula cardioprotetora e anti-inflamatéria. Outra importante
molécula anti-inflamatdria é a acetilcolina (ACh). Entretanto, a ACh é rapidamente
hidrolisada pelas enzimas acetilcolinesterase (AChE) e butirilcolinesterase (BuChE).
Acompanhando a isquemia temos uma producdo elevada de espécies reativas de
oxigénio (EROs). Um desequilibrio entre a producéo e a degradagéo de EROs pode
levar a um aumento do estresse oxidativo. Neste trabalho determinaram-se a
atividade das enzimas envolvidas na tromboregulagdo: NTPDase, 5-nucleotidase,
E-NPP e ADA, e a atividade de enzimas que degradam ésteres de colina: AChE e
BuChE, além dos paradmetros de estresse oxidativo em pacientes cardiopatas e
controles. Foi realizada a avaliagao do sistema oxidante através da determinacao da
peroxidacao lipidica e da carbonilacdo protéica e a medida das defesas
antioxidantes enzimaticas e ndo enzimaticas do organismo, em sangue total, plasma
e soro destes pacientes. Os resultados demonstraram um aumento na atividade da
NTPDase e da 5-nucleotidase, revelada através da hidrolise dos nucleotideos ATP,
ADP e AMP. Para a enzima E-NPP também foi observado um aumento na sua
atividade em pacientes cardiopatas. Entretanto, para a ADA observou-se uma
diminuicdo na atividade. Esses resultados sugerem uma resposta organica
compensatoéria do organismo frente ao estado patolégico formado, com o objetivo de
manter os niveis de adenosina, uma molécula cardioprotetora. Para as enzimas que
degradam ésteres de colina foi observado um aumento tanto na atividade da AChE
quanto da BuChE em pacientes cardiopatas. Um aumento na atividade sérica e no
sangue total da atividade da BuChE e da AChE pode refletir indiretamente niveis
reduzidos de ACh que, por sua vez, ira reforcar eventos inflamatérios locais e
sistémicos, devido a auséncia do controle de retroalimentagdo negativa exercido
pela ACh. Em relacdo aos niveis de oxidantes determinados, observou-se um



aumento nos niveis de TBARS e proteina carbonil em soro de pacientes com infarto
agudo do miocardio (IAM) quando comparados com o grupo controle. Esse aumento
também foi observado para as defesas antioxidantes enzimaticas superéxido
dismutase (SOD) e catalase (CAT). Entretanto, observou-se um decréscimo das
defesas antioxidantes ndo enzimaticas como a vitamina C e a vitamina E no soro de
pacientes com IAM. Estes dados sugerem um aumento do estresse oxidativo como
resultado do momento de isquemia/reperfusdo e da diminuicdo das defesas
antioxidantes ndo enzimaticas. Além disso, o aumento das defesas antioxidantes
enzimaticas poderiam agir como um mecanismo compensatério como consequéncia
da superproducado de EROs apds o IAM. Conclui-se entdo, que a Cl resulta tanto em
danos oxidativos e inflamatérios como mobilizagdo das defesas do organismo para
uma resposta compensatéria.

Palavras-chave: Cardiopatia isquémica; ectonucleotidases; colinesterases; estresse
oxidativo; defesas antioxidantes
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Ischemic heart disease (IHD) is a major cardiovascular disease. The term “ischemia”
refers to a lack of oxygen due to inadequate perfusion, which results from an
imbalance between oxygen supply and demand. The most common cause of
myocardial ischemia is atherosclerotic obstructive coronary artery disease caused by
rupture or ulceration of atheromatous plaque and subsequent thrombus formation.
Platelets are one of the most important blood components that participate in and
regulate thrombus formation by releasing active substances such as adenine
nucleotides ATP and ADP. Once their action is exerted, the nucleotides are
degraded by a group of enzymes called ectonucleotidases. These enzymes are
responsible for the hydrolysis of ATP and ADP to AMP, and consequent formation of
adenosine, a cardioprotective and anti-inflammatory molecule. Another important
anti-inflammatory molecule is acetylcholine (ACh). However, ACh is rapidly
hydrolyzed by the enzymes acetylcholinesterase (AChE) and butyrylcholinesterase
(BuChE). Following ischemia, an elevated production of reactive oxygen species
(ROS) occurs. The imbalance between ROS production and degradation may lead to
an increase in oxidative stress. This study aimed to determine the activity of enzymes
involved in thromboregulation, such as NTPDase, 5'-nucleotidase, E-NPP and ADA,
the activity of enzymes that degrade choline esters: AChE and BuChE, as well as the
parameters of oxidative stress in IHD patients and controls. Evaluation of the oxidant
system was carried out by lipid peroxidation and carbonyl protein determination, and
the enzymatic and nonenzymatic antioxidant defense measurements were performed
in total blood, plasma, and serum of IHD patients. Results showed an increase in the
NTPDase and 5'-nucleotidase activities as revealed by nucleotides hydrolysis ATP,
ADP and AMP. An increase in E-NPP activity was also observed in IHD patients.
However, a decrease in ADA activity was observed. Based on the results presented
here we suggest that the pathological condition in IHD produced alterations in
ectonucleotidase activities as a compensatory organic response, with the objective of
maintaining the levels of adenosine, which is a cardioprotective molecule. An
increase in the activity of enzymes that degrade choline esters (AChE and BuChE) in
IHD patients was observed. Increasing total blood and serum activities of AChE and
BuChE enzymes indirectly reflect reduced levels of ACh. The enhancement of local
and systemic inflammatory events is observed due to the absence of the negative
feedback control exerted by ACh. Regarding oxidant levels, an increase in TBARS
and carbonyl protein levels was observed in acute myocardial infarction (AMI)
patients when compared to the control group. The same occurred for the activities of



the enzymatic antioxidants, superoxide dismutase (SOD), and catalase (CAT).
However, a decrease in nonenzymatic antioxidants, such as vitamin C and vitamin E,
was observed in AMI patients when compared to control. These results suggest an
increase in oxidative stress in AMI, which was probably a result of the
ischemic/reperfusion moment, as well as a decrease of antioxidant defenses.
Furthermore, the increased antioxidant defense may act as a compensatory
mechanism in consequence of the overproduction of ROS after AMI. In conclusion,
IHD results in oxidative and inflamatory damages as well as an increase in the
organism defenses as a compensatory response.

Keywords: Ischemic heart disease; ectonucleotidases; cholinesterases; oxidative
stress; antioxidants defenses
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1. INTRODUGAO

A cardiopatia isquémica (Cl) é uma das principais doengas
cardiovasculares no mundo. Ela é responsavel por um grande numero de
mortes e altos custos econémicos nos paises desenvolvidos (LIBBY et al.,
2010). Nas ultimas décadas, com a urbanizacdo dos paises em
desenvolvimento, essa patologia tem se tornado uma das principais causas de
internagbes e aumento nos gastos para os hospitais publicos (GUIMARAES et
al., 2006; LIBBY et al., 2010). Dados estatisticos projetam que até 2020 a CI
seja a principal causa de morte no mundo (KASPER et al., 2006).

Os pacientes com CI sado classificados em dois grandes grupos: os com
angina estavel (AE) e os com sindrome coronariana aguda (SCA). Esse ultimo
grupo compde-se dos pacientes que apresentam infarto agudo do miocardio
(IAM) e angina instavel (Al) (KASPER et al., 2006). O termo “isquemia” refere-
se a falta de oxigénio, secundaria a perfusdo inadequada do miocardio, que
gera desequilibrio entre a oferta e a demanda deste gas. A causa mais comum
de isquemia miocardica € a doenga aterosclerética obstrutiva das artérias
coronarias, causada por ruptura ou ulceragdo da placa ateromatosa e
consequente formacgao de trombo (KASPER et al.,, 2006; CHOI et al., 2009;
LIBBY et al., 2010).

As plaquetas sao importantes componentes do sangue que participam
na regulagdo dos processos tromboembdlicos por liberagdo de substancias
ativas, como os nucleotideos de adenina ATP e ADP (ALTMAN et al., 1995;
MARCUS et al., 2003). E bem conhecido que concentragdes micromolares de
ADP sao suficientes para induzir a agregacédo plaquetaria, enquanto a
adenosina (o produto final da hidrélise do ATP) pode inibir a agregacéo
plaquetaria (BAKKER et al., 1994). O ATP é considerado um inibidor
competitivo das ag¢des mediadas pelo ADP, embora evidéncias indiquem a
existéncia de mecanismos nao competitivos e demonstrem que o ATP em altas
ou baixas concentragbes modula diferentemente a agregacéo plaquetaria, ou
seja, em baixas concentragcdes ele induz a agregagao plaquetaria, enquanto
que em altas concentracdes ele provoca a inibigdo deste fendmeno (LEON et
al., 1997).
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Cada nucleotideo, uma vez presente no meio extracelular, desempenha
sua agao pela ligacdo a um tipo diferente de receptor. Sabe-se que cada célula
responsavel por liberar esses nucleotideos possui receptores do tipo P2X e
P2Y (ROBSON et al.,, 2006; YEGUTKIN, 2008). Uma vez exercidos seus
efeitos, as moléculas de nucleotideos devem ser degradadas de modo a
manter seus niveis em concentragdes fisioldgicas. Para isso existe uma ampla
classe de proteinas cataliticas ancoradas a membrana as quais contém seu
sitio ativo voltado para o meio extracelular e efetuam a degradagao desses
nucleotideos (ZIMMERMANN, 2001; ZIMMERMANN, 2007).

A hidrdlise dos nucleotideos extracelulares da adenina ocorre pela agao
de enzimas denominadas de ectonucleotidases como, por exemplo, a Ecto-
Nucleosideo Trifosfato Difosfoidrolase (E-NTPDase, CD39, apirase, EC
3.6.1.5), a Ecto-Nucleotideo Pirofosfato/ Fosfodiesterase (E-NPP, EC 3.1.4.1) e
a Ecto-5-Nucleotidase (CD73, EC3.1.3.5). A NTPDase e a E-NPP sao enzimas
responsaveis pela hidrélise dos nucleotideos ATP e ADP, formando AMP, que
sera metabolizado pela enzima 5-Nucleotidase formando a adenosina
(ROBSON et al., 2006; YEGUTKIN, 2008). Posteriormente, a adenosina €
convertida pela enzima Adenosina Deaminase (ADA, E.C. 3.5.4.4) em inosina e
hipoxantinas (SPYCHALA, 2000; ROBSON et al., 2006). Pode-se prever a
importancia dessas enzimas na tromboregulacdo, ja que os nucleotideos ATP,
ADP e o0 nucleosideo adenosina atuam em purinoreceptores e sao
responsaveis pela regulagédo do ténus vascular e da fungéo plaquetaria (PILLA
et al., 1996). Além de seu papel na tromboregulacédo, estudos tém demonstrado
que a adenosina apresenta um importante papel fisioldgico na limitagdo da
inflamagao (HASKO & CRONSTEIN, 2004).

Outra importante molécula que recentemente tem-se estudado suas
propriedades anti-inflamatdrias € a acetilcolina (ACh) (DAS, 2007; RAO et al.,
2007; ROSAS-BALLINA & TRACEY, 2009). A ACh ¢ sintetizada por fibras pré-
ganglionares do sistema nervoso simpatico e parassimpatico do sistema
nervoso autbnomo e por fibras parassimpaticas pds-ganglionares. Até
recentemente, os neurbnios eram a unica fonte identificada de ACh. Sabe-se
agora, que outras células além dos neurbnios expressam as proteinas
necessarias para o metabolismo da ACh. A ACh é sintetizada, entre outros, por

células do sistema imunoldgico (linfocitos, células dendriticas, neutréfilos)
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(KAWASHIMA et al.,, 2007; NEUMANN et al, 2007), e células endoteliais
(KAWASHIMA et al., 1990). E possivel que a acetilcolina proveniente destas
fontes esteja envolvida na modulagédo do processo inflamatorio local (ROSAS-
BALLINA & TRACEY, 2009). No entanto, a ACh é rapidamente hidrolisada pela
enzima acetilcolinesterase (AChE) nas sinapses neuronais e placa motora
terminal. Além da AChE, a enzima butirilcolinesterase (BuChE) também é
capaz de hidrolisar ésteres de colina. Considerando o efeito inflamatério
supressor da ACh acredita-se que a atividade da AChE e da BuChE possa ser
um regulador intrinseco da inflamagcdo (DAS, 2007; ROSAS-BALLINA &
TRACEY, 2009).

Na Cl apdés o evento da isquemia tem-se uma fase de reperfuséo
(TOPOL, 2000). Neste momento Espécies Reativas de Oxigénio (EROs) sao
produzidas (KASPAROVA et al.,, 2005). A alta produg¢do de EROs é
responsavel por varias acoes deletérias, tais como aumento nos niveis de
peroxidacao de lipidios de membranas, aumento na carbonilagdo de proteinas
e até danos ao DNA intracelular, 0 que em ultima instancia altera e prejudica o
metabolismo intracelular, podendo causar morte celular (VALKO et al., 2006).

As proteinas sdo as primeiras moléculas biolégicas a sofrer com a
produgdo excessiva de EROs. A carbonilagdo protéica parece ser um
fendmeno comum durante a oxidagao e sua quantificagdo pode ser usada para
medir a extensdo da modificagdo oxidativa (DALLE-DONNE et al., 2006;
VASCONCELOS et al., 2007).

O aumento da peroxidacao lipidica € uma consequéncia do estresse
oxidativo o qual ocorre quando o balango dindamico entre o mecanismo pré- e
antioxidante esta em desequilibrio (LEOPOLD & LOSCALZO, 2009).

Entretanto, o organismo possui varios sistemas de defesa antioxidante
que atuam na detoxificagdo das EROs de formas diferenciadas. Ha evidéncias
que enzimas antioxidantes como catalase (CAT) e superdéxido dismutase
(SOD) podem proteger contra as EROs que s&o produzidas durante a isquemia
(VALKO et al., 2007). O balango entre a atividade da SOD e da CAT nas
células é de fundamental importancia na determinagdo do equilibrio dos niveis
de peroxido de hidrogénio e radicais superoxido. A SOD elimina radicais
superéxidos por conversdo desses em peroxido que podem ser transformados

pela atividade da enzima CAT em agua e oxigénio molecular (MATTES, 2000).
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Além das defesas antioxidantes enzimaticas, possuem grande
relevancia os antioxidantes ndo enzimaticos. Dentre estes antioxidantes
podemos citar as vitaminas E e C (VALKO et al., 2007).

A vitamina E confere protecdo a membrana celular por atuar como
neutralizante dos oxidantes produzidos, limitando a lipoperoxidagao (DELANTY
et al., 1997). Outro mecanismo proposto para a vitamina E é sua acdo na
inibicdo das proteinas quinases, prevenindo assim o desenvolvimento de lesdo
aterosclerdtica (AZZI et al., 1995; BARREIROS et al., 2006). Somando-se as
acdes da vitamina E, o acido ascoérbico ou vitamina C é um antioxidante
hidrossoluvel que tem a habilidade de regenerar a-tocoferois (FREI et al., 1989)
e neutralizar diretamente as EROs (ROSS & MOLDEUS,1991; NORDBERG &
ARNER, 2001).

Varios estudos realizados por nosso grupo de pesquisa demonstraram
alteragdes nas enzimas que hidrolisam nucleotideos da adenina, ésteres de
colina e aumento nos niveis de estresse oxidativo em patologias como:
diabetes e hipertensao (LUNKES et al., 2003; LUNKES et al., 2006), cancer
(ARAUJO et al., 2005; MALDONADO et al., 2008; MALDONADO et al., 2010),
hipercolesterolemia (DUARTE et al, 2007), acidente vascular cerebral
(CORREA et al., 2008), esclerose multipla (SPANEVELLO et al, 2010) e IAM
(BAGATINI et al.,, 2008). Com o objetivo de dar continuidade ao estudo
realizado em pacientes com |IAM e expandir o estudo a outros grupos de
pacientes com Cl propbde-se a determinacdo da atividade das enzimas que
atuam na hidrdlise dos nucleotideos da adenina, estudo da atividade das
enzimas que degradam ésteres de colina e avaliagao do perfil oxidativo na CI.

O diagnéstico e o tratamento das doengas cardiovasculares tém
apresentado grandes avangos tecnoldgicos nos ultimos anos com a introdugéo
de novas terapias e novas técnicas diagnosticas na rotina médica. No entanto,
apesar desses avangos ainda é alto o indice de Obitos precoces por doenga
arterial coronariana (DAC), portanto, o estudo dos mecanismos patofisiolégicos
dessa doenga € de fundamental importancia na busca de terapias mais efetivas

que beneficiem os pacientes com CI.



23

2. OBJETIVOS

Objetivo Geral

Avaliar a atividade de enzimas que degradam nucleotideos de adenina e
ésteres de colina e estudar o perfil oxidativo em pacientes com Cardiopatia

Isquémica (ClI).

Objetivos Especificos

e Analisar a atividade das enzimas NTPDase, E-NPP, 5’-Nucleotidase e ADA
em plaquetas de pacientes cardiopatas (pacientes com AE e SCA) e
pacientes controles.

e Avaliar a agregacdo plaquetaria no plasma rico em plaquetas desses
pacientes.

e Avaliar os indicadores de processo inflamatdrio: perfil lipidico e proteina C-
reativa em soro da populagao estudada.

e Estudar a atividade das enzimas AChE e BuChE em sangue total e soro
desses pacientes.

e Determinar os indicadores do estresse oxidativo (TBARS e carbonilagéo
protéica) em soro dos pacientes estudados.

e Avaliar as defesas antioxidantes enzimaticas (SOD e CAT) e néo
enzimaticas (vitamina E e vitamina C) em sangue total, plasma e soro

desses pacientes.
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3. REVISAO DE LITERATURA

3.1 CORAGAO

O coragédo € um 6rgédo muscular oco que se localiza no meio do peito,
sob o osso esterno, ligeiramente deslocado para a esquerda. Em uma pessoa
adulta, tem o tamanho aproximado de um punho fechado e pesa cerca de 400
gramas. O coragdo humano, como o dos demais mamiferos, apresenta quatro
cavidades: duas superiores, denominadas atrios (ou auriculas) e duas
inferiores, denominadas ventriculos. O atrio direito comunica-se com o
ventriculo direito através da valvula tricuspide. O atrio esquerdo, por sua vez,
comunica-se com o ventriculo esquerdo através da valvula bicuspide ou mitral.
O coragado bombeia o sangue para levar oxigénio e nutrientes as células do
organismo de um lado, e, de outro, para o pulméo, que eliminara gas carbénico
recebido das células. Funciona, portanto, como duas bombas em paralelo: uma
bombeia sangue pobre em oxigénio e rico em gas carbbnico do corpo para os
pulmdes; a outra bombeia sangue rico em oxigénio e pobre em gas carbdnico
dos pulmdes para o corpo. Para funcionar adequadamente, as células
musculares do coragdo necessitam de nutrientes e oxigénio que chegam pelo
sangue que ele proprio bombeia. A irrigagdo do coragao é feita pelas artérias
coronarias (Figura 1) (SCHUNKE et al., 2007).

Arco Adrtico
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Figura 1- Anatomia do Coracdo (www.heart-vessels.com)
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3.2 CARDIOPATIA ISQUEMICA

O termo “isquemia” refere-se a falta de oxigénio secundaria a perfuséo
inadequada do miocardio, que gera desequilibrio entre a oferta e a demanda de
oxigénio. A causa mais comum de isquemia miocardica é a doenca
aterosclerodtica obstrutiva das artérias coronarias (Figura 2) (KASPER et al.,
2006; CHOI et al., 2009).

Os pacientes com CI sao classificados em dois grandes grupos: os com
angina estavel (AE) e os com sindrome coronariana aguda (SCA). Esse ultimo
grupo compde-se dos pacientes que apresentam angina instavel (Al) e infarto
agudo do miocardio — IAM - (KASPER et al., 2006).

Arteria Coronng -—

Musculo Saudavel

Musculo legudmico b

Figura 2 — Isquemia cardiaca (www.medicinenet.com)

Durante os episodios da perfusdo inadequada causada pela
aterosclerose coronariana, a pressao de oxigénio nos tecidos miocardicos
diminui, podendo causar disturbios transitérios nas fungdes mecanicas,
bioquimicas e elétricas do miocardio. O subito desenvolvimento de isquemia
grave, como ocorre apos a obstrugdo total ou subtotal das coronarias, esta
associado a falha quase instantanea da contragao e relaxamento musculares

normais. A isquemia de grandes areas do ventriculo provoca insuficiéncia



26

ventricular esquerda transitéria e, se os musculos papilares forem afetados, a
insuficiéncia mitral podera complicar esse processo. Quando a isquemia é
transitoria, pode estar associada a angina de peito; se for prolongada, podera
causar necrose e fibrose miocardicas, com ou sem manifestagdes clinicas de
IAM (KASPER et al., 2006; LIBBY et al., 2010).

3.2.1 Angina Estavel (AE)

A AE ou angina cronica estavel € uma sindrome isquémica caracterizada
por dor toracica, geralmente retroesternal ou na regido precordial,
desencadeada por esforgo fisico, refeicdbes volumosas ou por estresse
emocional, com duragdo de 30 segundos a 15 minutos, sendo aliviada pelo
repouso ou uso de nitrato sublingual, e que ndo muda as caracteristicas por
pelo menos dois meses (KASPER et al., 2006; LIBBY et al., 2010).

A AE tipica correlaciona-se com doenga arterial coronariana (DAC) em
90% dos casos. Nos 10% restantes sao multiplas as causas, podendo, em
alguns pacientes, ser dificil definir a etiologia. O mecanismo fundamental na AE
€ o desequilibrio entre a oferta de oxigénio e as demandas metabdlicas do
miocardio. Nestas condi¢des, a ocorréncia de dor € mais comum quando ha
subito aumento da necessidade de oxigénio nao suprido adequadamente em

decorréncia de alteragdes no fluxo coronario (PORTO, 2005).

3.2.2 Sindrome Coronariana Aguda (SCA)

O termo SCA é utilizado para se referir a pacientes que apresentam Al
ou IAM (PORTO, 2005; KASPER et al., 2006).

A Al é definida como angina de peito ou desconforto isquémico pelo
menos com trés manifestagcbes: (1) ocorre em repouso (ou com esforgo
minimo) e geralmente persiste por mais de 10 minutos, (2) € intensa e tem
inicio recente e/ou (3) tem um padréo progressivo (ou seja, é nitidamente mais
grave, prolongada ou freqiiente do que antes) (KASPER et al., 2006). E uma

condigao clinica transitoria, que pode evoluir para infarto, morte subita, angina
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estavel crbnica apds estabilizagdo do processo, ou recuperagao completa
(PORTO, 2005). Na maioria dos pacientes, a Al relaciona-se a uma
coronariopatia aterosclerética de grau importante, sendo causada pela
interacdo entre a lesdao ateromatosa e agregacdo plaquetaria, espasmo
coronariano e trombose que se associam de forma complexa (PORTO, 2005).

A maioria dos infartos ocorre quando o fluxo sanguineo coronario diminui
abruptamente depois da obstrugdo trombodtica de uma artéria coronaria
previamente afetada pela aterosclerose. Na maioria dos casos, o infarto ocorre
quando uma placa aterosclerética sofre fissura, ruptura ou ulceragao, de modo
que um trombo forma-se na area de ruptura e leva a obstrucdo da artéria
coronaria (KASPER et al., 2006). Apds a formagao inicial de uma monocamada
de plaquetas no local da placa rota, varios agonistas (colageno, ADP,
epinefrina, serotonina) promovem a ativagao plaquetaria, produgao e liberagéo
de tromboxano A,. A ativagdo plaquetaria pelos agonistas desencadeia uma
alteracdo da conformagao da glicoproteina llb/llla que desenvolve alta
afinidade pelo fator de von Willebrand (FvW) e fibrinogénio. A cascata de
coagulagao é ativada e por fim, a artéria coronaria afetada torna-se ocluida por
um trombo contendo agregados plaquetarios e filamentos de fibrina (AZZAZY &
CHRISTENSON, 2002; SHEBUSKI, 2002; APPLE et al., 2005; WU, 2005;
KASPER et al., 2006; LIBBY et al., 2010). O diagnéstico de IAM sera firmado
se um paciente com manifestagdes clinicas de Al apresentar evidéncias de
necrose miocardica, refletida por elevagbes dos biomarcadores cardiacos
(creatinofosfoquinase — CK total, isoenzima MB da CK — CKMB e troponinas)
(JAFFE et al., 2006).

3.2.3 Biomarcadores cardiacos

Certas proteinas, denominadas marcadores cardiacos séricos, s&o
liberadas no sangue em grandes quantidades, pelo miocardio necrético apos o
IAM. As taxas de liberagdo das diferentes proteinas variam segundo a sua
localizacdo intracelular e o seu peso molecular, bem como com o fluxo
sanguineo e linfatico local (STEFANINI et al., 2004).
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A creatinofosfocinase (CK-total) encontrada na forma de dimero é uma
importante enzima reguladora da producdo e da utilizagdo do fosfato de alta
energia nos tecidos contrateis. Embora seja um indicador sensivel de lesdo
muscular, ndo € especifico para o diagndstico de lesdo miocardica. Os
resultados anormais da atividade e da concentragdo da CK-total podem ocorrer
em razado de: problemas intrinsecos aos testes laboratoriais; doencas
associadas, que diminuem a depuracdo de proteinas; liberagdo de tecidos
necroticos contendo niveis elevados da enzima; presengca de lesdes
musculares agudas e crénicas; e uso de medicamentos e drogas ilicitas (WU,
1998).

A isoenzima MB da CK é mais vantajosa que a CK-total, pois ndo é
encontrada em concentragdes significativas nos tecidos nao-cardiacos. A CK-
MB eleva-se em 4 a 6h apds o inicio dos sintomas, com pico em torno de 18h,
e normaliza-se entre 48 e 72h. Esta enzima permite o diagndstico tardio do
IAM, apds 12h do inicio dos sintomas, quando possui sensibilidade de cerca de
93%, porém é pouco sensivel para o diagnostico precoce nas primeiras 6h do
inicio dos sintomas (ADAMS et al., 1993).

As troponinas (T e 1) especificas do coragdo sao atualmente
consideradas os marcadores ouro para o IAM (ALPERT et al., 2000; BABUIN &
JAFFE, 2005). Devido as troponinas especificas do coragdo possuirem
sequéncias de aminoacidos diferentes das que sao encontradas no musculo
esquelético, permitiram o desenvolvimento de ensaios quantitativos com
anticorpos monoclonais altamente especificos, o que as torna os principais
marcadores para o IAM, com alta especificidade e sensibilidade (KASPER et
al., 2006). As troponinas elevam-se entre 4 e 8h apds o inicio dos sintomas,
com pico entre 36 e 72h e normalizagdo entre 5 e 14 dias. Apresentam a
mesma sensibilidade diagnodstica da CK-MB entre 12 e 48h apos o inicio dos
sintomas do IAM (BLUESTEIN et al., 1998; APPLE, 1992).

3.3 EPIDEMIOLOGIA

Apesar da amplitude das modernas estratégias preventivas e

terapéuticas, as doencgas cardiovasculares (DCV) ainda lideram a lista das
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principais causas de morte mundial, responsaveis por aproximadamente 15
milhdées de O&bitos a cada ano e representam os mais altos custos em
assisténcia médica (LOPEZ, 1993; MURRAY et al., 1996; HAJJAR et al. 2006;
LIBBY et al.,, 2010). Segundo a Organizagao Mundial da Saude (OMS), em
2002 ocorreram 16,7 milhdes de obitos, dos quais 7,2 milhdes foram de DAC
(GUIMARAES, 2006). Estima-se para 2020, que esse nimero possa se elevar
a valores entre 35 e 40 milhdes (GUIMARAES, 2006). Seu crescimento
acelerado em paises em desenvolvimento representa uma das questdes de
saude publica mais relevantes do momento (LIBBY et al., 2010).

Além do impacto sobre a mortalidade geral, as DCV sdo uma das
maiores responsaveis pelo numero de mortes e incapacidades precoces na
populacao geral (ZAPPI et al., 2000). No Brasil, na década de 2000 a 2009,
essas doencgas foram responsaveis por 65% dos ébitos na populagdo adulta
em plena fase laboral (30 a 69 anos) e por 40% das aposentadorias precoces
(NOGUEIRA et al.,, 2010), apresentando taxas maiores nas regides Sul e
Sudeste (ZAPPI et al., 2000).

Em 2001 nos Estados Unidos, 1.680.000 americanos foram internados e
tiveram o diagnostico confirmado de SCA. Destes 959.000 tiveram diagnostico
de IAM e 758.000 de Al, 37.000 receberam os dois diagndsticos. Em 2004, a
estimativa de gastos diretos e indiretos com a DAC foi de cerca de 133,2
bilhdes de délares (PORTO, 2005).

3.4 FATORES DE RISCO

Os fatores de risco para Cl podem ser divididos em duas categorias:
fatores de riscos modificaveis (ambientais e comportamentais), como o
tabagismo, colesterol sérico elevado, hipertensao arterial sistémica, inatividade
fisica, diabetes, obesidade, estresse mental, uso de anticoncepcional e
obesidade abdominal; e fatores de risco ndo modificaveis (genéticos e
biolégicos), sendo estes, hereditariedade, sexo e idade avancada
(POLANCZYK, 2005; HERRMANN et al., 2006).

Diversos fatores estdo relacionados ao elevado risco cardiovascular,

sendo assim, quanto maior o numero de fatores de risco presente, maior sera a
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probabilidade de apresentar um evento cardiovascular. Da mesma forma,
quanto melhor o controle dos habitos de vida, com reducdo do numero de
fatores modificaveis associados, maior é a redugdo deste risco
(BRAUWNWALD et al., 2003; LANAS et al., 2007).

3.4.1 Sexo e idade

Varios estudos tém demonstrado que a taxa de mortalidade por DAC é
maior nos homens e nos individuos idosos do que em mulheres (DOUGLAS et
al., 1991; SHAROVISKY & CEZAR, 2002). As possiveis razées para o aumento
do risco de DAC com a idade incluem imobilidade, trauma, obesidade, cirurgias
médicas, doencas cronicas, aterosclerose, pressdo alta, dislipidemia,
intolerancia a glicose, aumento dos marcadores inflamatorios no sangue,

terapia com estrégenos e cancer (GORDON, 2004).

3.4.2 Tabagismo

Além da idade avangada, o tabagismo é o fator de risco isolado mais
importante para a DAC. O consumo de cigarros continua a ser o mais
importante fator de risco modificavel para a ocorréncia de DAC e a principal
causa previnivel de morte nos Estados Unidos, onde é responsavel por mais de
450.000 6bitos anualmente (LIBBY et al., 2010).

Além dos efeitos desfavoraveis agudos sobre a pressao arterial e sobre
o ténus simpaticomimético e uma redugéao na oferta miocardica de oxigénio, o
fumo afeta a aterotrombose através de varios outros mecanismos. Além de
acelerar a progressao da aterosclerose, o tabagismo a longo prazo pode
causar aumento na oxidagao da LDL - colesterol e prejudicar a vasodilatagao
endotelial (KASPER et al., 2006). Um efeito adicional do tabagismo esta
associado a agregacado plaquetaria espontdnea, aumento da adesdo de
monocitos as células endoteliais e alteragdes adversas de fibrinoliticos e

antitrombéticos derivados do endotélio. Estudos tém sugerido que a resisténcia
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a insulina representa um mecanismo adicional de ligagao entre o tabagismo e a
aterosclerose prematura (REAVEN & TSAO, 2003).

3.4.3 Hipertensao

A hipertensdo € um dos principais fatores de riscos para DAC,
independentemente de idade, sexo ou raga. A pressado arterial sanguinea,
(tanto a sistdlica quanto a diastdlica), esta correlacionada com a incidéncia de
doencas cardiacas e acidente vascular cerebral (LIBBY et al., 2010). Tem sido
postulado que a pressdo sanguinea excessivamente alta poderia danificar o
endotélio e aumentar a permeabilidade do mesmo. Em adigéo, a hipertenséo
poderia estimular a proliferacdo de células musculares ou induzir a ruptura de
placas ateroscleréticas. A presenga de lesdo em 6rgdos como O coragao €
acompanhado de um aumento do risco de doengas cardiacas (LAHOZ &
MOSTAZA, 2007). Numerosas triagens clinicas tém demonstrado que um
decréscimo na pressao arterial sistémica esta associado com uma reducgéo
significativa na incidéncia de acidente cerebral vascular e eventos cardiacos
(HAIDER et al., 2003; NISSEN et al., 2004).

3.4.4 Hipercolesterolemia

A hipercolesterolemia € amplamente aceita como um dos maiores
fatores de risco para o desenvolvimento de doenga isquémica cardiaca: angina
e IAM (TAILOR & GRANGER, 2003; AL-SHAER et al., 2004; VIEIRA, 2005;
BHATT et al., 2006). A visdo atual de que a hispercolesterolemia contribui para
as doencgas cardiacas é baseada no fato de que a hipercolesterolemia,
indiretamente, aumenta o risco de doencgas cardiovasculares por estimular
fatores de risco como hipertensdo e resisténcia a insulina (LYRA &
CAVALCANTI, 2006). Estudos indicam que altos niveis de colesterol,
principalmente da LDL, desempenham um papel importante na aterogénese.
As distorgdes no transporte do colesterol podem favorecer seu depdsito na

parede das artérias e vasos, contribuindo para o desenvolvimento da
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aterosclerose (KRUTH, 2002). A aterosclerose € um processo inflamatério que
esta associado com a ativagao de células endoteliais, com o estresse oxidativo
e com o acumulo de leucdcitos na parede das artérias (ROSS, 1999; LUSIS,
2000; HANSSON & LIBBY, 2006; WEBER, et al., 2008). Além disso, estudos
com ratos obesos, sugerem que a obesidade esta associada a doencga
cardiaca também por promover depdsitos de triglicérides em miodcitos
cardiacos, levando a esteatose de musculo cardiaco (LYRA & CAVALCANTI,
2006).

3.4.5 Diabetes Mellitus

Em relagcdo ao Diabetes Mellitus, esse se constitui um importante fator
para o desenvolvimento de doenga cardiovascular, por interagir com outros
fatores, como hipertensdo e hiperlipidemia, os quais aumentam o risco
(BOOTH et al, 2006). Além disso, pacientes com diabetes sdo conhecidos por
ter alta propensédo a doencgas ateroscleréticas, uma das principais causas de
IAM (LIBBY et al., 2010). Diabéticos coronariopatas tém placas ateroscleroticas
mais vulneraveis, ou seja, com maior risco de ruptura de sua capa fibrosa,
levando a uma maior incidéncia de DAC (LYRA & CAVALCANTI, 2006).
Entretanto, o mecanismo pelo qual o diabetes aumenta o risco de doencgas
cardiovasculares nao esta totalmente entendido, mas estudos indicam que a
hiperglicemia e o estado patoldgico criado no diabetes seriam os responsaveis
pelo aumento do risco de doengas coronarias (TSCHOEPE et al., 1993;
NATHAN et al, 2003).

3.5 ATEROSCLEROSE

A aterosclerose é um processo inflamatério cronico da parede arterial,
com depdsitos de substancias gordurosas, colesterol, restos celulares,
plaquetas, fibrina e calcio que levam a formacdo de placas enrijecidas e
reducdo da elasticidade e da luz do vaso (ROSS, 1999; PORTO, 2005;

KASPER et al., 2006). Pode ser observada desde a infancia, mas o inicio das
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manifestagdes clinicas ocorre geralmente na fase adulta. Afeta principalmente
artérias de médio e grande calibre, como as coronarias, carotidas, cerebrais,
renais, aorta abdominal, iliacas, femorais, em regides segmentares ou areas de
bifurcagdo (MEDEIROS et al. 2001; PORTO, 2005).

A ClI é uma das manifestagbes mais importantes da doenga
aterosclerotica nos paises industrializados, ndo somente por ser a causa mais
comum de morte, como também incapacitar temporaria ou definitivamente um
grande numero de individuos em idade produtiva (ROSS, 1999; KAUFFMAN,
2007; GALKINA et al., 2009).

O processo de aterosclerose inicia-se com a captacdo de LDL-
colesterol pelo endotélio, sua internalizagao na intima, e sua transformacao na
forma oxidada. Isso da inicio ao processo de lesdo vascular por agao direta,
promovendo a atragdo de mondcitos para o local, que se diferenciam em
macrofagos. Estes por sua vez, fagocitam as moléculas de LDL- colesterol,
promovem sua transformagao em forma oxidada e a formagao e a liberacéo de
ions superoxidos, com adicional lesdo vascular (FUSTER et al.,, 1992). A
reacao inflamatéria local que advém da oxidagao da LDL- colesterol ocasiona a
destruicdo da base de apoio das células endoteliais, facilitando o aparecimento
de areas de microulceracdes e consequente adesio plaquetaria. A participacao
das plaquetas no processo acelera a reagdo via produgcdo do fator de
crescimento derivado de plaquetas, um mitdégeno capaz de atrair mais células
musculares lisas ao local, bem como outras células proprias da reacao
inflamatoria (KAUFFMAN, 2007). A grande concentragdo de células
musculares lisas tentando regenerar a estrutura subendotelial termina por
aumentar os depdsitos de proteinas da matriz extracelular como o colageno,
formando um ciclo vicioso de lesdo endotelial e expansao celular, que culmina
com a formagao da placa fibrosa (Figura 3) (LUSIS, 2000; MEDEIROS et al.,
2001; KAUFFMAN, 2007).
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Figura 3 — Formagéao da placa aterosclerética (Libby et al. 2010)

3.5.1 Determinacgao de risco

A doencga aterosclerdtica € acelerada em virtude de fatores genéticos,
culturais e ambientais, sendo o diagnéstico precoce de fundamental
importancia para o tratamento e prevengao das complicagdes advindas do
processo aterosclerotico (KAUFFMAN, 2007). Entre os marcadores
bioquimicos destaca-se a medida da proteina-C-reativa (PCR). A PCR é uma
proteina de fase aguda que serve com uma molécula de reconhecimento
padrdao do sistema imune inato, produzida no figado em resposta ao aumento
da interleucina -6 (IL-6). Inicialmente foi considerado um marcador inerte da
inflamacéo vascular, mas resultados atuais sugerem que a PCR desempenha
papel ativo na aterogénese e como marcador de DAC (DHINGRA, et al. 2007;
CALABRO et al., 2009; FRAGOSO-LONA, et al. 2009).

Na prevengdo primaria, uma série de estudos epidemioldgicos
prospectivos demonstrou que a PCR quando medida com novas provas
ultrasensiveis (PCR-us), prediz forte e independentemente o risco de 1AM,
acidente vascular cerebral, doencga arterial periférica e morte subita cardiaca
mesmo entre individuos aparentemente saudaveis (LIBBY et al., 2010). Além
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disso, os niveis de PCR-us foram capazes de discriminar melhor o risco do que
o nivel de LDL- colesterol (BOEKHOLDT et al., 2006).

3.6 PLAQUETAS
2.6.1 Estrutura

As plaquetas sdo fragmentos citoplasmaticos derivados de
megacariocitos, envolvidos por membranas e destituidas de nucleo.
Apresentam-se heterogéneas sob aspecto morfolégico, considerando tamanho,
densidade e coloracédo (KRIZ et al. 2009; EYRE & GAMLIN, 2010). Ao
microscopio eletrdnico, as plaquetas apresentam-se como esferdides
achatados nos polos. Em condi¢des normais e em esfregagos sanguineos, as
plaquetas apresentam-se discéides (BATLOUNI, 1993).

Nas plaguetas se reconhecem trés zonas: (1) zona externa ou periférica
que condiciona a propriedade de ades&do. Nessa porgao encontram-se
antigenos, glicoproteinas e varios tipos de enzimas. Mais internamente existe a
membrana plaquetaria, onde estdo localizadas glicoproteinas que sao
receptores especificos para determinados fatores de coagulagao. (2) Uma zona
sol-gel ou citosol com proteinas actinomiosina e tubulina, formando
microtubulos e microfilamentos, responsaveis pelo esqueleto da plaqueta. (3)
Uma zona de organelas contendo corpusculos densos (Ca?*, ADP, ATP,
Serotonina, Pirofosfato), grénulos alfa (fatores de crescimento, fatores de
coagulacdo e proteinas de adesdo) e um sistema de membrana, local de

sintese de prostaglandinas e tromboxano Az (Figura 4) (WHITE, 2007).
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Figura 4: Representacdo de uma célula plaquetaria (Lorenzi et al., 2003)

2.6.2 Ativacao plaquetaria

As plaquetas sao liberadas do citoplasma dos megacarioécitos medulares
e passam a circulagéo, onde tém vida média de 8 a 10 dias (KRIZ et al., 2009).
Durante esse tempo de sobrevida, o seu metabolismo se baseia na liberacéo
de energia, representada pela transformacdo do ATP em ADP, a partir da
glicolise e do mecanismo oxidativo das mitocondrias. Essa energia é utilizada
para as fung¢des basicas das plaquetas, que sao a adesao, a agregacgao e a
secrecado de substancias contidas nos granulos citoplasmaticos (LORENZI et
al., 2003).

Quando um vaso é lesado, o subendotélio, com o colageno subjacente,
€ exposto e as plaquetas se ativam, iniciando-se uma série de fendbmenos que
tem por finalidade evitar a hemorragia (LORENZI et al., 2003). O primeiro sinal
de ativacdo plaquetaria € sentido na membrana externa, onde os fatores
capazes de promover esta ativagdo como a trombina, a adrenalina, o colageno
e o0 ADP se ligam aos seus receptores especificos. A plaqueta modifica a sua
forma que passa de discoide a irregular devido a emissdo de pseuddpodos a
partir da membrana. A seguir, ocorre a ligagdo das plaquetas aos receptores
das glicoproteinas e ativacdo das moléculas de integrinas plaquetarias levando
ao processo de agregacgao plaquetaria (MINORS, 2007; EYRE & GAMLIN,
2010).
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2.6.3 Agregacao plaquetaria

A agregacao plaquetaria ocorre devido a formagdo de pontes de
fibrinogénio, pois este se liga ao receptor na membrana plaquetaria, GP lib/llla,
que na presenca do Ca?* forma um complexo estavel na superficie das
plaquetas ativadas. Esse processo também ocorre devido ao metabolismo do
acido araquiddnico, sendo o mesmo liberado a partir da membrana fosfolipidica
das plaquetas pela ativagdo da enzima fosfolipase A; e, subseqlientemente, a
enzima cicloxigenase (COX-1) converte o acido araquidénico em
endoperoxidos ciclicos. Esses sdo entdo convertidos pela tromboxano
sintetase em tromboxano A, (TXA;), funcionando como um potente agonista
que induz a agregacao (LORENZI et al.,, 2003; KRIZ et al.,, 2009). A
amplificagdo e propagacgéo continua da agregacao plaquetaria é ativada pela
formagdo de agregados plaquetarios e a expulsdo de ADP e de outras
substancias ativas das organelas plaquetarias (LEE et al., 1998).

2.6.4 Hemostasia

A principal funcdo das plaquetas é a hemostasia, na qual elas
desempenham atividade mecanica e bioquimica. As plaquetas aderem-se as
estruturas subendoteliais expostas e tornam-se ativadas; ocorrendo a adesao
plaquetaria. Posteriormente, ocorre uma intensa atividade metabdlica, havendo
a sintese de mensageiros intracelulares e formac&o de agonistas plaquetarios.
Na sequéncia as plaquetas sofrem transformag¢dées morfoldgicas, iniciando a
formacao de agregados plaquetarios também denominados de rolhas, que vao
constituir a barreira plaquetaria inicial. A liberacdo de ADP e outras substancias
ativas amplificam o processo de ativagao plaquetaria. Segue-se a ativagao com
a liberagdo do fator 3 plaquetario e tem inicio o processo de coagulagéo
sanguinea, promovendo a consolidacao da rolha plaquetaria pela fibrina e a
conseqiiente retracdo do coagulo (RAMASAMY, 2004; DAVi & PATRONO,
2007; EYRE & GAMLIN, 2010).
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3.7 NUCLEOSIDEOS E NUCLEOTIDEOS DE ADENINA

Os nucleotideos extracelulares de adenina, adenosina trifosfato (ATP),
adenosina difosfato (ADP), adenosina monofosfato (AMP) e o nucleosideo
adenosina, modulam uma variedade de efeitos teciduais, que incluem o fluxo
sanguineo, a secregao, a inflamagéo, o ténus vascular e a fungéo plaquetaria
(BURNSTOCK, et al., 2004). Os nucleosideos sdo moléculas resultantes da
unido de uma base purica ou pirimidica a uma pentose. Quando os
nucleosideos sao fosforilados, por quinases especificas, ocorre a formagao de
um nucleotideo (ATKINSON et al., 2006).

Os nucleotideos sao liberados no meio extracelular através de
mecanismos como, por exemplo, a lise celular que ocorre frente a injuria
celular. Também podem ser liberados por vesiculas tais como os granulos
densos das plaquetas, que liberam o ATP e o ADP. A molécula de adenosina
também pode ser liberada no meio extracelular como resultado da degradagao
do ATP e do ADP por enzimas especificas (HUNSUCKER et al., 2005;
YEGUTKIN, 2008).

O ATP é um nucleotideo presente em praticamente todas as células
vivas e tem um papel fundamental no metabolismo energético (AGTERESCH
et al., 1999). Juntamente com o ADP, o ATP também ¢é liberado dos granulos
plaquetarios no momento em que estas células sofrem o processo de ativagao.
O ATP tem um papel bifasico sobre a agregagdo das plaquetas: em baixas
concentragdes ele induz a agregacdo plaquetaria, enquanto que em altas
concentragbes ele provoca a inibicdo deste fendbmeno (SOSLAU &
YOUNGPRAPAKORN, 1997). O ADP é reconhecidamente um agente indutor
da agregacédo de plaquetas. Quando ocorre um evento que desencadeie a
agregacao plaquetaria este nucleotideo € liberado destas células e recruta
novas plaquetas vindas da circulagdo de forma a amplificar o sinal agregatério
(BAKKER et al., 1994).

A adenosina extracelular modula o ténus vascular e a fungao plaquetaria
aléem de apresentar uma acao cardioprotetora em episédios de isquemia ou
hipoxia (MINAMINO et al.,, 1996). A funcdo protetora da adenosina se
manifesta pela vasodilatagdo coronariana e de vasos colaterais, aumentando o

suprimento de oxigénio para os tecidos. Além disso, a adenosina € um ativador
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enddgeno do sistema de enzimas antioxidantes durante os processos de injuria
e isquemia celular (MAGGIRWAR et al., 1994; RAMKUMAR et al., 1995).

A adenosina é conhecida por ser cardioprotetora ndo somente nos
momentos de isquemia/reperfusdo, mas também na insuficiéncia cardiaca,
atenuando a liberagdo de catecolaminas, aumentando o fluxo sanguineo
coronario e inibindo a ativagado de plaquetas e leucocitos (KINUGAWA et al.,
2006).

3.8 RECEPTORES PURINERGICOS

Cada nucleotideo, uma vez presente no meio extracelular, desempenha
sua acao pela ligagdo a um tipo diferente de receptor localizado na superficie
de varios tipos de células (YEGUTKIN, 2008). Esses receptores dividem-se em
dois grupos: P2X e P2Y. P2X sao receptores acoplados a canais ibnicos com
seus dominios carboxi e aminoterminal voltados para o meio intracelular e
compreendem sete subtipos nomeados de P2X1-7 (DI VIRGILIO et al., 2001).
P2Y s&o receptores acoplados a proteina G apresentando sete regides
transmembrana com a porgdo aminoterminal voltada para meio extracelular e a
por¢ao carboxiterminal voltada para o meio citoplasmatico compreendendo 14
subtipos o0s quais foram nomeados de P2Y1-14 (YEGUTKIN, 2008). Os
receptores para adenosina incluem quatro tipos: A1, A2A, A2B e A3, os quais
sdo proteinas transmembrana acoplados a proteina G (HASKO et al., 2008;
YEGUTKIN, 2008).

3.9 ENZIMAS QUE DEGRADAM NUCLEOTIDEOS E NUCLEOSIDEOS DE
ADENINA.

Uma vez exercidos seus efeitos, as moléculas de nucleotideos e
nucleosideos devem ser degradadas de modo a manter seus niveis em
concentragdes fisioldgicas. Para isso existe uma ampla classe de proteinas
cataliticas (ectonucleotidases) ancoradas a membrana as quais contém seu

sitio ativo voltado para o meio extracelular e efetuam a degradacdo destes
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nucleotideos (GODING & HOWARD, 1998; ZIMMERMANN, 2001;
ZIMMERMANN et al., 2007). Dentre estas enzimas pode-se destacar as E-
NTPDases (Ecto-Nucleosideo Trifosfato Difosfoidrolase), a familia das E-NPPs
(Ecto-Nucleotideo  Pirofosfatase/Fosfodiesterases), 5’-nucleotidase e a
adenosina deaminase (ADA) (ROBSON et al., 2006; YEGUTKIN, 2008). Estas
enzimas atuam em conjunto, formando uma cadeia enzimatica que tem inicio
com a acao da E-NTPDase e da E-NPP, as quais catalisam a hidrolise do ATP
e do ADP formando AMP (ZIMMERMANN et al., 2007). A seguir a enzima 5’-
nucleotidase hidrolisa a molécula de AMP formando adenosina, a qual
posteriormente é degradada pela acdo da ADA gerando inosina (Figura 5)
(YEGUTKIN, 2008).

1

m 3 4
AT ADP AMP = Ade = ne

1. E-NPP ATP - AMP + PP;
2. E-NTPDase ATP - ADP + P;; ADP - AMP + P;
3. Ecto-5'-nucleotidase AMP =+ adenosina + P;

4. Adenosina deaminase Adenosina =+ lnosina

Figura 5 - Enzimas envolvidas na degradacao extracelular de nucleotideos e nucleosideos de
adenina (adaptado de Yegutkin, 2008).

3.9.1 NTPDase

As NTPDases sao uma familia de enzimas responsaveis pela hidrolise
de nucleotideos tri e difosfatados (ZIMMERMANN et al., 2007). Esta classe de
enzimas inclui oito membros nomeados de NTPDase 1-8 que diferem quanto a

especificidade por substratos, distribuicdo tecidual e localizagao celular. Quatro
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destas enzimas estao localizadas na membrana celular com seu sitio catalitico
voltado para o meio extracelular (NTPDase 1, 2, 3 e 8) e quatro delas exibem
localizag&o intracelular (NTPDase 4, 5, 6 e 7) (Figura 6) (ROBSON et al.,
2006), sendo que as NTPDases localizadas na superficie requerem Ca®" ou
Mg*" para sua maxima atividade (ZIMMERMANN, 2001; KUKULSKI et al.,

2005).
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Figura 6 - Membros da Familia das NTPDases (Robson et al., 2006)

Todos os membros da familia das NTPDases apresentam 5 regides
denominadas regides conservadas da apirase (ACRs), o que torna essa
caracteristica uma “marca” desse conjunto de enzimas. Essas ACRs s&o de
muita relevancia para sua atividade catalitica. Existem evidéncias sugerindo
que as diferencas na preferéncia pelo substrato, nessa familia de enzimas,
podem ser atribuidas a pequenas diferencas na estrutura protéica que afetaria
a ligagao do substrato (ZIMMERMANN, 2001; ROBSON et al., 2006).

A NTPDase-1 (E.C 3.6.1.5, CD39) foi a primeira enzima da familia
NTPDase a ser descrita, e esta ancorada na superficie celular através de duas
regides transmembranas proximas ao grupamento amino e carboxiterminal,
com o seu sitio catalitico voltado para o meio extracelular (ZIMMERMANN,
2001; ROBSON et al.,, 2006). Esta enzima hidrolisa tanto ATP como ADP
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formando AMP na presenca de ions Ca®* e Mg®" (Figura 7) (ZIGANSHIN et al.,
1994).

E-NTPDases
CcCOOH
A
NH CcCOOH NH.
NTPDasel NTPDase5
NTPDase2 NTPDaset
NTPDase3
NTPDase4

Figura 7 - Topografia de membrana de ectonucleotidases (adaptado de Zimmermann, 2001)

Em relagc&o ao “sistema vascular’, a NTPDase-1/CD39 desempenha um
papel importante no sistema hemostatico, uma vez que ela controla os efeitos
pro-trombdticos e proé-inflamatérios de nucleotideos como o ATP e o ADP
(YEGUTKIN, 2008). A NTPDase-1, presente nas células endoteliais e
membrana de plaquetas, converte o ATP em ADP e subsequentemente o ADP,
um nucleotideo promotor da agregacdo, em AMP. A enzima 5’-nucleotidase
converte o AMP formado em adenosina. A adenosina, por sua vez, tem
propriedades vasodilatadoras e, portanto, antiagregantes (BAKKER et al.,
1994; ZIMMERMANN, 2001). Com isso, a NTPDase-1 em combinagdo com a
5-nucleotidase tem um papel crucial na desfosforilagdo sequencial destes
nucleotideos e consequentemente na protecao contra a ativagao descontrolada
de plaquetas. Alguns estudos indicam que o uso de CD39 soluvel se constitui
num potencial agente terapéutico para inibicdo de processos tromboticos
mediados por plaquetas. A solucdo purificada de CD39 bloqueou in vitro a
agregacao plaquetaria induzida por ADP e inibiu a reatividade plaquetaria
induzida pelo colageno (GAYLE Il et al., 1998; ENJYOJI et al.,1999).
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Além disso, nos ultimos anos o papel destas enzimas tem sido avaliado
em varias condigdes patologicas humanas como no diabetes (LUNKES et al.,
2003), na sindrome da imunodeficiéncia adquirida (AIDS) (LEAL et al., 2005),
no cancer (ARAUJO et al, 2005; MALDONADO et al., 2010), no IAM
(BAGATINI et al., 2008) e na esclerose multipla (SPANEVELLO et al., 2010).

3.9.2 Ecto-Nucleotideo Pirofosfatase/Fosfodiesterase (E-NPP)

A familia das E-NPPs é constituida por sete enzimas nomeadas de
NPP1 até NPP7, sendo numeradas de acordo com sua ordem de descoberta
(YEGUTKIN, 2008). Com excecdo da NPP2, que é secretada no meio
extracelular, todos os demais membros s&o ligados a membrana por um unico
dominio transmembrana. As NPP1 e 3 tém uma orientagdo transmembrana do
tipo Il, com sua porcdo aminoterminal voltada para o meio intracelular,
enquanto que as NPPs 4-7 tém uma orientagdo do tipo | com sua porgcao
aminoterminal voltada para o meio extracelular (Figura 8) (STEFAN et al.,
2006).
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B Huclease-like domain Signal-peptde sequence

Figura 8 - Estrutura das enzimas da familia da Ecto-Nucleotideo Pirofosfatase/Fosfodiesterase
(E-NPP) (Stefan et al., 2006).
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As ecto-fosfodiesterases tém uma ampla especificidade, sendo
responsaveis pela hidrélise de ligagbes pirofosfato e fosfodiéster de
nucleotideos e seus derivados, resultando na produgdo de nucleotideos
monofosfato (STEFAN et al., 2005). Entretanto somente as NPP1-3 séo
capazes de hidrolisar nucleotideos e sao, portanto relevantes no contexto da
cascata de sinalizagao purinérgica (STEFAN et al., 2006; YEGUTKIN, 2008).

As E-NPPs possuem uma ampla distribuicdo tecidual o que lhe confere
multiplos papéis bioldgicos, incluindo reciclagem de nucleotideos, modulacao
da sinalizagao purinérgica, regulacdo dos niveis de pirofosfato extracelular,
proliferagdo e motilidade celular (STEFAN et al., 2005; STEFAN et al., 2006).
Em vista de estas enzimas terem sido caracterizadas na membrana plaquetaria
e, devido ao fato de apresentarem propriedades cataliticas semelhantes a
NTPDase, pressupdem-se que haja uma co-expressao da NTPDase, das E-
NPPs e da 5-nucleotidase nesta célula. Com isso, pode-se dizer que elas
constituem uma cadeia enzimatica responsavel pela hidrolise extracelular de
nucleotideos (FURSTENAU et al., 2006).

3.9.3 Ecto- 5’-nucleotidase

Até o momento, sete sub-tipos da enzima 5’-nucleotidase foram isoladas
e caracterizadas em humanos. Essas enzimas variam na localizagéo
subcelular, sendo 5 delas localizadas no citosol, uma na matriz mitocondrial e
uma anexada a membrana plasmatica externa. Enquanto essas enzimas
compartilham a habilidade em hidrolisar 5’- nucleosideos monofosfatos e se
sobrepbéem na especificidade ao substrato, elas variam na afinidade por 5'-
monofosfatos (HUNSUCKER et al., 2005).

A ecto-5’-nucleotidase (E.C. 3.1.3.5, CD73) é uma glicoproteina ligada a
membrana via um glicosil fosfatidilinositol (GPI) com seu sitio catalitico voltado
para o meio extracelular (Figura 9) que catalisa a hidrolise éster fosforica do 5'-
ribonucleotideo para o correspondente ribonucleosideo e fosfato. Ocorre na
forma de dimero e seu peso molecular estd na faixa de 62 a 74 kDa.
(ZIMMERMANN, 2001; HUNSUCKER et al., 2005).
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Figura 9 - Estrutura da ecto-5’-nucleotidase ancorada a membrana (adaptado de Zimmermann,
2001).

As fungdes da ecto-5’-nucleotidase correlacionam-se diretamente ao seu
papel na producdo de adenosina. Assim, de acordo com a sua localizagao
tecidual, ela desempenha importantes fungdes como, por exemplo, no controle
da agregacédo plaquetaria, na regulacdo do tbnus vascular e também na
neuromodulagao e neuroprote¢cdo no sistema nervoso (ZIMMERMANN et al.,
1998; KAWASHIMA et al., 2000; DUNWIDDIE & MASINO, 2001).

A ecto-5’-nucleotidase é a principal enzima responsavel pela formacgao
de adenosina extracelular e a subsequente ativacdo de receptores de
adenosina (P1) (ZIMMERMANN, 2000). Estudos tém demonstrado que a
geracao de adenosina extracelular tem sido amplamente implicada como uma
resposta adaptativa a momentos de hipoxia e isquemia (GNAIGER, 2001;
O’FARRELL, 2001). E geralmente aceito que a desfosforilagdo do AMP pela
CD73 representa o maior caminho da formacdo da adenosina extracelular
durante o decréscimo da suplementagdo de oxigénio como no |IAM (LINDEN,
2001).

3.9.4 Adenosina deaminase (ADA)

A enzima Adenosina Deaminase (ADA) faz parte do conjunto de

enzimas responsaveis pela degradagcdo sequencial dos nucleotideos e
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nucleosideos de adenina (YEGUTKIN, 2008). A ADA é responsavel pela
desaminagao da adenosina com a consequente produgéo de inosina regulando
assim, as concentracdes extracelulares deste nucleosideo (FRANCO et al.,
1997).

Em humanos a ADA existe na forma de duas isoenzimas classificadas
como: ADA1 e ADA2 (SHAROYAN et al. 2006). A ADA1 é uma proteina
monémera com uma massa molecular de aproximadamente 40 kDa. A
localizagdo da ADA1 é principalmente citosodlica, sendo encontrada em todo o
organismo. Esta pode estar combinada com uma glicoproteina dimérica néo
especifica de aproximadamente 200 kDa, designada como proteina
combinante (cp) (TSUBOI et al., 1995). O complexo ADA-cp constitui uma ecto-
ADA, a qual é responsavel pelo controle dos niveis de adenosina extracelular
(FRANCO et al., 1997). Estudos tém demonstrado que esta proteina de ligagcao
€ uma glicoproteina multifuncional do tipo Il, conhecida como CD26, a qual
pode ser encontrada soluvel ou ligada a membrana (YEGUTKIN, 2008). Além
da interagdo com CD26, a ADA1 pode atuar como uma ecto-enzima ancorada
aos receptores da adenosina A1 e A2b, mediando os processos de sinalizagao
da adenosina (ROMANOWSKA et al., 2007).

Diferentemente da ADA1, a ADA2 apresenta diferengas tanto estruturais
quanto cinéticas. Sua massa molecular é de aproximadamente 100 kDa e
representa a menor parte da atividade da ADA em tecidos, sendo abundante
no plasma. Além disso, a ADA2 tem menor afinidade para a adenosina e menor
atividade catalitica com a deoxiadenosina que a ADA1(IWAKI-EGAWA et al.,
2006).

3.10 ENZIMAS QUE DEGRADAM ESTERES DE COLINA — AChE E BuChE.

3.10.1 Acetilcolina (ACh)

A acetilcolina (ACh) foi a primeira substéncia encontrada e definida
como um neurotransmissor (LOEWI, 1921). A ACh é sintetizada pela

colinacetiltransferase (ChAT; EC 2.3.1.6) a partir da colina, um importante
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produto do metabolismo dos lipidios da dieta, e acetil-CoA, um produto do
metabolismo celular (SOREQ & SEIDMAN, 2001; PRADO et al., 2002). Apos
sua sintese € carregada até as vesiculas sinapticas pelo transportador
vesicular da acetilcolina onde fica armazenada até a sua liberagdo (RAND,
2007). Depois de ser liberada, a ACh se difunde na fenda sinaptica e ativa os
receptores de ACh (AChRs), posicionados nas células pos sinapticas. A ACh &
amplamente distribuida no SNC, onde seus efeitos sao principalmente
excitatérios, efetivados pela ativagdo de receptores especificos, designados
como receptores colinérgicos e, subdivididos em dois grandes grupos:
nicotinicos e muscarinicos, que transmitem o0s sinais por mecanismos
diferentes (RANG et al., 2004). A acédo da ACh é finalizada pela sua hidrolise
enzimatica na fenda sinaptica pela enzima acetilcolinesterase (AChE). A colina
liberada é, em parte recaptada para o terminal pré-sinaptico, através de um
mecanismo de recaptacéo de alta afinidade (SOREQ & SEIDMAN, 2001) onde
podera ser reutilizada para a sintese de novas moléculas de ACh (Figura 10).
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Figura 10 — Mecanismo de hidrélise da acetilcolina (adaptado de Santos et al., 2007)
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Até recentemente, os neurénios eram a unica fonte identificada de ACh.
Sabe-se agora que outras células além dos neurdnios expressam as proteinas
necessarias para o metabolismo da ACh. A ACh é sintetizada, entre outros, por
células do sistema imunoldgico (linfocitos, células dendriticas, neutréfilos)
(KAWASHIMA et al.,, 2007; NEUMAN et al, 2007) e células endoteliais
(KAWASHIMA et al., 1990). E possivel que a ACh proveniente destas fontes
esteja envolvida na modulacdo do processo inflamatério local (ROSAS-
BALLINA & TRACEY, 2009). Esta via “colinérgica anti-inflamatéria” mediada
pela ACh, atua inibindo a produgdo de fator de necrose tumoral (TNF),
interleucina-1 (IL-1) e suprime a ativagao da expressédo do fator nuclear kappa-
B (NF-kB) (BOROVIKOVA et al., 2000).

3.10.2 Colinesterases

Existem dois tipos de colinesterases: a acetilcolinesterase (AChE; E. C.
3.1.1.7) ou colinesterase verdadeira, que hidrolisa preferencialmente ésteres
com grupamento acetii (como a ACh) e a butirilcolinesterase ou
pseudocolinesterase (BuChE; E.C. 3.1.8) que hidrolisa outros tipos de ésteres
como a butirilcolina (CHATONNET & LOCKRIDGE, 1989; NICOLET et al.,
2003; WHITTAKER, 2010). A AChE é predominantemente encontrada no
cérebro (10 vezes mais abundante que a BuChE), jungdo neuromuscular e
eritrocitos (COKUGRAS, 2003). Ja a BuChE é principalmente encontrada no
plasma, rins, figado, intestino, coragcdo, pulm&o e tém uma distribuicdo
neuronal muito mais restrita do que a AChE (MESULAM et al., 2002).

Acetilcolinesterase (AChE)

A AChE existe nas formas globular e assimétrica. A forma globular é
composta por monémeros (G1), dimeros (G2) e tetrameros (G4) da subunidade
catalitica. A forma G1 é citosdlica e a G4 ¢ ligada a membrana, sendo esta
ultima a mais encontrada no tecido nervoso (DAS et al., 2001; ALDUNATE et
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al., 2004). Em sangue humano, a AChE é encontrada tanto nos eritrocitos
quanto no plasma, onde predominam as formas G2 e G4, respectivamente
(RAKONCZAY et al. 2005). Ja a forma assimétrica consiste de um (A4), dois
(A8) e trés (A12), tetrameros cataliticos ligados covalentemente a uma
subunidade estrutural colagénica chamada Q (ColQ). Essas formas estao
associadas com a lamina basal e sdo abundantes na jungdo neuromuscular
(Figura 11) (ALDUNATE et al., 2004).
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Figura 11 - Isoformas da enzima AChE (www.chemistry.emory.edu/ach_inactivation.htm)

O sitio ativo da AChE situa-se na parte inferior de um estreitamento
semelhante a uma garganta (gorge) a 20 A de profundidade, alinhado com
residuos hidrofébicos, os quais parecem ser importantes na orientagdo do
substrato ao sitio ativo (JOHNSON & MOORE, 1999). Este sitio ativo é
formado por um sitio esterasico que contém uma triade catalitica formada pela
serina, histidina e glutamato ou aspartato e um sitio aniénico ao qual a cadeia
de nitrogénio quaternario da ACh, carregada positivamente, se liga (Figura 12)
(SILMAN et al., 1994; DVIR et al., 2010). Na borda ou superficie do gorge,
cerca de 14 A do sitio ativo, situa-se um segundo sitio aniénico que se tornou

conhecido como sitio aniénico periférico (peripheral anionic site - PAS), o qual
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foi proposto com base na ligagdo de compostos bis quartenarios (BOURNE et
al., 2005; SILMAN & SUSSMAN, 2008).

Siti —_— ‘
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Figura 12 - Sitio esterasico contendo a triade catalitica, externamente o sitio periférico aniénico
(PAS). (adaptado de Soreq & Seidman, 2001)

Para a catalise enzimatica existem duas importantes areas a serem
consideradas: a regido de ligagdo e acomodacgao do substrato onde a ACh se
liga a AChE por ligagdo ibnica a um residuo de aspartato ou glutamato e a
ligacdo do hidrogénio ao residuo de tirosina (Figura 13). A outra regidao €
responsavel pelo mecanismo de hidrdlise do substrato ACh, composta pelos
aminoacidos serina e histidina. O processo enzimatico € extraordinariamente
eficiente por causa da proximidade do nucledfilo serina e a catalise
acido/basica da histidina, sendo que uma molécula da ACh é hidrolisada em
100 microsegundos (PATRICK, 2001; SILMAN & SUSSMAN, 2005).
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Figura 13 - Interagédo do substrato (ACh) com o sitio esterasico da AChE.
(adaptado de Patrick, 2001)

Butirilcolinesterase (BuChE)

Para a BuChE humana HARRIS e cols. (1962) encontraram quatro
bandas, em eletroforese de gel de amido, que foram chamadas de C1 a C4 em
ordem decrescente de mobilidade. Estudos posteriores mostraram que C1
corresponde ao monémero, C3 ao dimero e C4 ao tetramero (MUENSCHE et
al.,, 1976). A banda C2 é resultado da ligagcdo do monémero a albumina
(MASSON, 1989).

A forma predominante e de maior atividade da BuChE no plasma € o
tetramero, constituido por um dimero de subunidades idénticas. As
subunidades de cada dimero estdo unidas por uma ligacdo dissulfeto e os
dimeros unem-se através de forgas hidrofébicas n&o covalentes. Cada
mondmero € uma cadeia de 574 residuos de aminoacidos, com 9 cadeias de
carboidratos ligadas a 9 asparaginas (ALTAMIRANO & LOCKRIDGE, 2000). As
cadeias de carboidratos parecem n&o interagir com moléculas do substrato,
pois estariam distantes da entrada do sitio esterasico (MILLARD &
BROOMFIELD, 1992) localizado no interior da molécula e ligado ao exterior por
um tunel, cuja triade catalitica seria formada por serina na posi¢ao 198, acido
glutdmico em 325 e histidina em 438 (MASSON et al., 2001; NICOLET et al,
2003) (Figura 14).
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Figura 14 — Detalhes da estrutura da BuChE (adaptado de NICOLET et al., 2003)

3.10.3 Colinesterases e processo inflamatoério

Estudos recentes demonstram que a acetilcolina, o principal
neurotransmissor vago, tem importantes agdes anti-inflamatérias (DAS, 2007;
RAO et al., 2007; ROSAS-BALLINA & TRACEY, 2009).

No entanto, a ACh, bem como outros ésteres de colina sdo rapidamente
hidrolisados pela AChE e BuChE (HOSEA et al., 1995; MESULAM et al., 2002).
Um aumento nas atividades das enzimas AChE e BuChE poderia levar a
diminuicao dos niveis de ACh, reduzindo seus efeitos anti-inflamatérios, devido
a auséncia do controle de feedback negativo exercido pela ACh (RAO, et al.,
2007). Dessa forma considerando o efeito inflamatorio supressor da ACh, é
concebivel que as atividades das enzimas AChE e BuChE sejam reguladoras
intrinsecas da inflamacgéo (DAS, 2007; ROSAS-BALLINA & TRACEY, 2009).

Estudos recentes tém demonstrado o papel desempenhado pelas
colinesterases como moduladores do processo inflamatorio em pacientes com
diabetes e doenca de Alzheimer (DAS, 2007; RAO et al., 2007). Além disso,
estudos de nosso laboratério mostraram um envolvimento da AChE, sistema
imune e processo inflamatério em patologias como diabetes (LUNKES et al.,
2006), acidente vascular cerebral (CORREA, et al. 2008) e leucemia
linfoblastica aguda (BATTISTI et al., 2009).
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3.11 ESTRESSE OXIDATIVO

O estresse oxidativo ocorre em situacbes em que ha um desequilibrio
entre os niveis de anti e pré-oxidantes, com o predominio destes ultimos.
Assim, a diminuicdo dos sistemas de defesa antioxidante, ou, o0 aumento da
geracdo de espécies oxidantes, radicalares ou ndo, pode resultar em lesdes
oxidativas em macromoléculas e diversas estruturas celulares que, se nao
forem reparadas, alterardo a funcionalidade de células, tecidos e 6rgaos
(DHALA et al., 2000).

Um decréscimo no fluxo sanguineo para o coragdo devido a
aterosclerose, trombose ou espasmo coronario, € conhecido por induzir
isquemia miocardica. Embora a reperfusao do miocardio isquémico durante o
estagio inicial seja essencial na prevencgao do dano cardiaco, apés um periodo
critico pode causar danos como geragéo de estresse oxidativo (KLONER et al.,
1983; GARLICK et al., 1987; ZWEIER et al., 1987; BOLLI et al., 1988; DAS &
MAULIK, 2003). Durante a isquemia os carreadores mitocondriais encontram-
se no estado reduzido. Assim na reperfusdo, a interagdo entre o oxigénio
molecular e a cadeia respiratdria reduzida leva a formacdo de Espécies
Reativas de Oxigénio (EROs) (BECKER, 2004; KASPAROVA et al., 2005).
Entretanto, as EROs podem surgir de diferentes fontes que incluem NADPH
oxidase, xantina oxidase, oxido nitrico sintase, auto-oxidacdo de
catecolaminas, aumento dos niveis de angiotensina Il e aldosterona e liberagéo
de citocinas pré-inflamatérias (LANDMESSER et al., 2002; BERRY & HARE,
2004).

As EROs como o anion superoxido (O27), peréxido de hidrogénio (H20,),
anion hidroxil (*OH) e outros oxidantes podem ter diferentes efeitos deletérios
no coragcdo (TAKANO et al.,, 2003; ZHAO, 2004; GHOSH et al., 2005). Os
efeitos mais comumente reconhecidos do aumento do estresse oxidativo € a
oxidagdo e o dano a macromoléculas como proteinas, lipidios e DNA (Figura
15), contribuindo assim para o dano celular e aceleracdo da morte celular
através da apoptose e necrose (GIORDANO, 2005; VALKO et al., 2006).



54

< NoE

Lipideos

T1ITRR03800000

LA AL A AR ILILIA AL A

Figura 15 - Dano oxidativo a macromoléculas biolégicas (Torres, 2003).

2.11.1 Indicadores de dano oxidativo

Lipoperoxidagao

O dano aos lipidios induz o fenbmeno conhecido como lipoperoxidagao,
o qual culmina na formagédo de malondialdeido (MDA), hidroxinonenal (HNE) e
isoprostanos (VASCOCELOS et al.,, 2007; LEOPOLD & LOSCALZO, 2009).
Um dos mais conhecidos produtos da lipoperoxidagcao ¢ o MDA, o qual € o
produto final da degradagdo n&o enzimatica de acidos graxos poliinsaturados
(ALEXANDROVA & BOCHEV, 2005; CHERUBINI et al., 2005; VALKO et al.,
2006; VALKO et al.,, 2007). Altos niveis de MDA elevam a formagéo de
lipoperéxidos e indicam um aumento da lipoperoxidacdo (KASHYAP et al.,
2005).

As membranas sdo compostas principalmente de fosfolipidios e
proteinas. Alteracdes nos lipidios de membrana por EROs estdo entre os
principais efeitos relacionados ao momento de isquemia e reperfusdo que
ocorre na Cl. Com isso, ha perda da seletividade na troca iénica e da liberacao
do conteudo de organelas, como as enzimas hidroliticas dos lisossomas, e a
formagdo de produtos citotoxicos, culminando com a morte celular
(LAZZARINO et al., 1994; PARK & LUCCHESI, 1999; MAREZIN et al., 2003).
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Oxidagao protéica

As proteinas sdo consideradas o maior alvo para o dano oxidativo, uma
vez que sao os maiores componentes dos sistemas biolégicos e podem
neutralizar 50-75% dos radicais reativos. A oxidacdo das proteinas é uma
modificagdo covalente induzida tanto diretamente pelas EROs quanto
indiretamente por reacdo com produtos secundarios do estresse oxidativo
(DALLE-DONNE et al., 2006; VASCONCELOS et al., 2007).

O conteudo de proteina carbonil € um bom biomarcador de dano
oxidativo grave das proteinas (DALLE-DONNE et al., 2003). Uma vez
formados, os grupos carbonil sdo quimicamente estaveis, o que facilita tanto o
seu armazenamento quanto a sua detecgdo (DALLE-DONE et al., 2003). A
acumulacao de proteina carbonil tem sido observada em diversas doencgas
humanas incluindo as doengas cardiacas (HALLIWELL & GUTTERIDGE, 1999;
MALDONADO et al., 2006; CORREA et al., 2008, BATTISTI et al., 2008).

Alguns fatores que poderiam causar o aumento nos niveis de proteinas
oxidadas sao; (i) um aumento no numero de espécies oxidantes, (i) um
decréscimo nos “scavengers” dessas espécies, (iii) um aumento na
susceptibilidade dessas proteinas a oxidagéo e (iv) um decréscimo na remogéao
das espécies oxidadas (DAVIES, 2000).

2.11.2 Defesas antioxidantes

Por definicdo, uma substancia antioxidante € aquela capaz de inibir a
oxidacdo ou, entdo, qualquer substancia que, mesmo presente em baixa
concentracdo, comparada ao seu substrato oxidavel, diminui ou inibe a
oxidagdo daquele substrato. Do ponto de vista biolégico, podemos definir
antioxidantes como compostos que protegem os sistemas bioldgicos contra os
efeitos deletérios dos processos ou das reagdes que levam a oxidacdo de
macromoléculas ou estruturas celulares (HALLIWELL, 2007). Esta definicdo
engloba compostos de natureza enzimatica e ndo enzimatica (VALKO et al.,
2006; VALKO et al., 2007; VASCONCELOS et al., 2007).
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Antioxidantes enzimaticos

O sistema antioxidante enzimatico é representado, principalmente, pelas
enzimas antioxidantes: a superdxido dismutase (SOD) que catalisa a
dismutacao do anion radical superéxido (O2") a peroxido de hidrogénio (H20,)
e Oy, a catalase (CAT) que atua na decomposi¢cado de H,O, a O, e H,O e a
glutationa peroxidase (GPx), que atua sobre peroxidos em geral, com utilizagédo
de glutationa como co-fator (VALKO et al.,, 2007; VASCONCELLOS et al.,
2007; LEOPOLD & LOSCALZO, 2009).

A funcdo da SOD foi descoberta em 1969 por McCord & Fridovich, o que
propiciou um grande avang¢o das pesquisas na area de toxicidade do oxigénio.
Esta enzima esta presente em todos os organismos aerdbicos e catalisa a
dismutagcdo do radical superoxido. Existem trés classes de superéxido
dismutase: Fe-SOD, CuZn-SOD e Mn-SOD. A CuZn-SOD e a Mn-SOD
encontram-se em eucariotos e a Fe-SOD, apenas em procariotos. A SOD
dependente de cobre e zinco encontra-se no citoplasma celular e nos fluidos
extracelulares, onde é secretada pelas células endoteliais. A Mn-SOD é uma
enzima mitocondrial tetramérica, apresentando um atomo de manganés por
subunidade (SEIZI, 2003).

A CAT é uma enzima tetramérica, consistindo de quatro subunidades
idénticas de 60 KDa, que contém um unico grupo ferroprotoporfirina por
unidade, e tem uma massa molecular de aproximadamente 240 KDa. A CAT
reage eficientemente com o H,0O, para formar H,O e O, (MATTES et al., 1999).
A enzima é encontrada no sangue, medula 6ssea, mucosas, rim e figado e sua
atividade é dependente de NADPH (FERREIRA & MATSUBARA, 1997).

Antioxidantes nao-enzimaticos

Dentre os antioxidantes n&o-enzimaticos de baixo peso molecular,
podem ser destacados os carotendides, a ubiquinona e o acido urico, porém as
mais importantes micromoléculas no combate ao estresse oxidativo sdo os
tocoferdis (Vitamina E) e o acido ascérbico (Vitamina C) (BARREIROS &
DAVID, 2006).
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A vitamina C (ascorbato) € um nutriente hidrossoluvel encontrado
primariamente em frutas e vegetais (MAYNE, 2003) e exerce agao protetora
sobre componentes hidrossoluveis do organismo (BENZIE & STRAIN, 1999).
Age diretamente sobre as EROs e esta envolvida na regeneragao de a-tocoferil
em a-tocoferol (Vitamina E) (FREI et al., 1989; CHAN, 1993). A vitamina C
interage com as EROs na fase aquosa do plasma antes que eles possam agir
oxidativamente sobre lipidios e lipoproteinas (ROSS & MOLDEUS, 1991;
NORDBERG & ARNER, 2001). Estudos epidemiolégicos tém sugerido uma
associagao entre a ingestdo de vitamina C e decréscimo do risco de DCV
(STEFFEN et al., 2007; ROSA et al.,, 2010). Além disso, observou-se que a
vitamina C exerce um papel protetor na DAC por melhorar a disfungao
endotelial e por aumentar a produgdo de éxido nitrico em varias patologias
associadas como hipertensao e hipercolesterolemia (RUMLEY et al., 2004).

A vitamina E (ou o-tocoferol) pertence ao grupo dos antioxidantes
fendlicos, sendo que dentre eles o a-tocoferol tem sido considerado o mais
biologicamente ativo e o principal antioxidante lipossoluvel nas membranas
celulares (MACHLIN & BENDICH, 1987; MAYNE, 2003). Estudos comprovam
que a vitamina E é um eficiente inibidor da peroxidagao de lipidios in vivo. Esta
substancia age como doadora de H para o radical peroxila, interrompendo a
reacao radicalar em cadeia. Cada tocoferol pode reagir com até dois radicais
peroxila e, nesse caso, o tocoferol € irreversivelmente desativado. Para que
eles ndo se desativem, necessitam do mecanismo de regeneragao sinergético
com a vitamina C nas membranas celulares e com a ubiquinona na membrana
mitocondrial (BARREIROS et al., 2006). A deficiéncia de Vitamina E tem sido
associada a um aumento da viscosidade das plaquetas do sangue,
predispondo a formagédo de coagulos potencialmente fatais (STAMPFER &
RIMM,1995; BONITHON-KOPP et al.,, 1997). Assim, a vitamina E previne
doencgas ateroscleréticas ndo somente por seu efeito antioxidante, mas
também por seu efeito inibidor sobre a proliferagao de células de musculo liso e
sobre a adesao e agregacao plaquetaria (HARRIS et al., 2002). Entretanto,
apesar dessas observacgdes positivas, ainda permanece controverso os efeitos
da administragdo de doses altas de vitamina E, uma vez que efeitos nocivos
sobre o sistema cardiovascular foram observados (BELL & GROCHOSKI,
2008; ROSA et al., 2010).
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APRESENTACAO

Os resultados desta tese estdo apresentados sob a forma de artigos e
manuscritos, os quais encontram-se no item “ARTIGOS E MANUSCRITOS".
As secdes Materiais e Meétodos, Resultados, Discussdo e Referéncias
Bibliograficas encontram-se nos proprios artigos e manuscritos e representam
a integra deste estudo. Os itens DISCUSSAO e CONCLUSOES, encontrados
no final desta tese, apresentam interpretagcdes e comentarios gerais a respeito
dos resultados demonstrados nos artigos e manuscritos contidos neste
trabalho. As REFERENCIAS BIBLIOGRAFICAS referem-se somente as
citacdes que aparecem nos itens INTRODUGAO, REVISAO BIBLIOGRAFICA
e DISCUSSAO desta tese.
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Background: The extracellular nucleotides, ATP and ADP, as well as the nucleoside adenosine have been
implicated in a great number of pathologic and physiological functions. However, extracellular adenine
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We evaluated activities of enzymes that hydrolyze adenine nudeotides and nucleosides in platelets from
patients with ischemic heart disease (IHD),

Methods: Sixty IHD patients were selected for the study. The activities of ectonucleoside triphosphate

Eg::;f heart discases diphosphohydrolase (NTPDase, CD39), ectonucleotide pyrophosphatase/phosphodiesterase (E-NPP), ecto-5'-
Platelets nucleotidase and adenosine deaminase (ADA) were studied in isolated platelets of these patients, as well as
Nucleotides the platelet aggregation and NTPDase expression.

Nucleosides Results: The results show that NTPDase, ecto-5"-nuclectidase, E-NPP activities and NTPDase expression were
Ischemia increased in platelets of IHD patients when compared with the control group ( p<0.05). On the other hand,

ADA activity and platelet aggregation were decreased in IHD patients, when compared with the control group
(p=0.05).
Conclusions; The pathological condition in IHD generates alterations in ectonudeotidase activities as a

compensatory organic response to thrombotic events that occur in HD.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Ischemic heart disease (IHD) is an increasingly common cause of
death in the world. This disease affects millions of people annually and
results in morbidity and mortality [1]. The term “ischemia” refers toa
lack of oxygen due to inadequate perfusion, which results from an
imbalance between oxygen supply and demand. The main cause of
myocardial ischemia is atherosclerosis disease of epicardial coronary
arteries [1,2]. In most cases, ischemia occurs when an atherosclerotic
plague fissures, ruptures or ulcerates and when conditions favor
thrembogenesis, so that a mural thrombus forms at the site of rupture
and leads to coronary artery occlusion [2].

Platelets are one the most important blood compoenents that
participate in and regulate thrombus formation by releasing active
substances such as ADP [3.4]. It is known that micromolar concentra-
tions of ADP are sufficient to induce human platelet aggregation,
whereas adenosine (the final product of ATP hydrolysis) can inhibit
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plateletaggregation [5]. On the other hand, ATP,in low concentrations,
enhances collagen, thromboxane A; and thrombin, induced platelet
aggregation [6]. At high concentrations, it inhibits platelet aggregation
induced by ADP, probably because ATP is rapidly hydrolyzed to
adenosine, which demonstrates antiplatelet action [7]. Adenosine
displays functions that will depend on the type of receptor in each
tissue and on the origin of the damage, one important action being the
reduction of vascular injury by platelet aggregation inhibition [8].
Due to the fact that extracellular adenine nucleotides {ATP, ADP and
AMP) and theirnucleoside derivative, adenosine, are important signaling
molecules that mediate diverse biological and pathological processes in
many tissues [9], their levels must be carefully controlled. For this
purpose, platelet expression can be examined. Platelets express a
multienzymatic complex on their surface, which is responsible for
extracellular nucleotide hydrolysis. This complex includes the enzymes
NTPDase { ectonucleoside triphosphate phosphohydrolase), E-NPP (ecto-
nucleotide pyrophosphatase/phosphodiesterase), ecto-5'-nucleotidase
and ecto-adenosine deaminase (ADA) [10]. NTPDase hydrolyze ATP and
ADP to AMP [11], while E-NPPs hydrolyze 5'-phosphodiester bonds in
nucleotides and their denvatives producing nucleotide monophosphate
[12]. AMP resulting from the action of NTPDase and E-NPP is
subsequently hydrolyzed to adenosine by ecto-5'-nucleotidase [13]
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Adenosine can be directly inactivated on the cell surface through
sequental action of ADA which catalyses the irreversible deamination
of adenosine leading to inosine [14]

Together, these ecto-enzymes constitute a highly organized
enzymatic cascade that is able to regulate the extracellular concen-
trations of adenine nucleotides and nucleosides and play an important
role in the maintenance of normal hemaostasis and thrombogenesis,
mainly by regulating the platelet aggregation status [9].

Taking into account the importance of IHD and adenine nucleo-
tides in the regulation of platelet aggregation, as well as their
importance in adenosine formation, the aim of the present study was
to evaluate the activity of enzymes that hydrolyze adenine nudeo-
tides and nucleosides in platelets from patients with IHD.

2. Patients and methods
2.1. Materials

Nucleotides, sodium azide, HEPES, and Trizma base were from
Sigma-Aldrich (St. Louis, MO). All other reagents used in the expen-
ments were of analytical grade and of the highest purity.

2.2 Patients

Sixty IHD patients from the Federal University of Santa Maria
Hospital were selected for the study. The IHD group was divided in 2
groups: acute coronary syndrome { ACS — 30 patients ) and stable angina
pectoris (SAP— 30 patients), characterized by clinical criteria, such as
chest pain, associated to clinical evidence of ischemia through a history
of coronary arterial disease (CAD), the electrocardiographic changes
included symmetrical ST segment elevations of 1 mmol/l from baseline
in limb leads or of 2 mmol/l in chest leads of T-wave inversions with or
without @ waves, and changes in serum concentrations of creatine
kinase ( Ok}, creatine kinase MB isoenzymes {(K-MB) and troponins. All
patients received the conventonal therapy for IHD, including clopido-
grel (75 mg) and AAS (100 mg). The control group consisted of 30
individuals aged 51604264y, 52% males and 48% females, who
presented normal blood pressure, were free from diabetes mellitus,
alcoholism, cigarette smoking, chronic diseases and who had not been
submitted to any pharmacological therapy during the month before the
study. All subjects gave written informed consent to participate in the
study. The protocol was approved by the Human Ethics Committee of
the Health Science Center from the Federal University of Santa Maria,
protocol number 0132.0.243.000-08, Brazil. Ten milliliters of blood was
obtained from each patient and used for platelet-rich plasma prepara-
tion and biochemical determinations. The same procedure was carried
out for the control group. Patient general characteristics are shown in
Table 1.

2.3 Plaielet isolation

Platelets were prepared from human donors by the method of Pilla
et al. [15] modified by Lunkes et al. [16]. Briefly, blood was collected
into 0.129 mol/| citrate and centrifuged at 160xg for 10 min. The
platelet-rich plasma was centrifuged at 1400=g for 15 min and
washed twice with 3.5 mmol/l HEPES isosmolar buffer. The washed
platelets were resuspended in HEPES isosmolar buffer and protein
was adjusted to 0.4-0.6 mg/ml.

2.4, NTPDase and ecto-5'-nucleotidase activity determination

The NTPDase enzymaticassay was carried outina reaction medium
containing 5 mmol/l CaClz, 100 mmal/l NaCl, 4 mmol/l KCl, 5 mmol/
| glucose and 50 mmol/l Tris-HCl buffer, pH 7.4, at a final volume of
200y as described by Pilla et al. [15]. For AMP hydrolysis, the ecto-5'-
nucleotidase activity was carried out as previously described by Pilla et

Table 1
Clinical characteristics and biochemical determinations in the control group (CT), and
stable angina pectoris (SAP) and acute coronary syndrome (ACS) patients.

Variable T SAP ACS
n=30 n=30 n=30
Age (y) 5160+264 6352+ 168 63.44+ 304
Men 5% B3% B3%
Women 48% ITR 37k
Hypertension - B B8%
Smaoker - 51% 59%
Diabetes mellitus - 42% B4
Family history - TTE B5E
Dirugs
Acetylsalicylic acid - o 100%
Clopidogrel - 10% B80%
Propranolol - 500 T6%
Captopril - 53% 50%
Gliblenclamide - 30% 43%
CE (U <232 =232 509.13+ 359
CK-MB (LI} <24 <74 74,86+ 634
Troponin 1 (ng/mil) =02 =02 2540+ 342

Continuous variables are presented as mean + SEM and the other variables are shown
as percentage of patients,

al. modified by Lunkes et al. [15,16], except that the 5 mmeol/l CaCl;
was replaced by 10 mmol/l MgCly. Twenty microliters of the enzyme
preparation (8-12 ug of protein) was added to the reaction mixture
and the pre-incubation proceeded for 10 min at 37 °C. The reaction
was initiated by the addition of ATP or ADP at a final concentration of
1.0 mM, and AMP at a final concentration of 2 mmol/l. The incubation
time was 60 min. Both enzyme assays were stopped by the addition of
200 ul of 10% trichloroacetic acid (TCA ) to provide a final concentration
of 5%. Subsequently, the tubes were chilled on ice for 10 min. Released
inorganic phosphate (Pi) was assayed by the method of Chan et al.[17]
using malachite green as the colorimetric reagent and KH,PO, as
standard. Controls were carried out to correct for non-enzymatic
hydrolyses of nudeotides by adding enzyme preparation after TCA
addition. All samples were run in Lriplicate. Enzyme specific activities
are reported as nmol Pi released /min/mg of protein,

2.5. E-NPP activity determination

Ectonucleotide pyrophosphatase/phosphodiesterase (E-NPFP) activ-
ity from platelets was assessed using p-nitrophenyl 5'-thymidinemo-
nophosphate (p-Nph-5'-TMP) as substrate as described by Fiirstenau
et al. [10]). The reaction medium containing 50 mmol/l Trs-HQA buffer,
120 mmol/l NaCl, 5.0 mmol/ KQ, 60 mmol/l glucose, and 5.0 mmol/
| CaQ,, pH 89, was preincubated with approximately 20 mg per tube of
platelet protein for 10 min at 37 °C at a final volume of 200 ml The
enzyme reaction was started by the addition of p-Nph-5'-TMP at a final
concentration of 05 mmol/l. After 80 min of incubation, 200 ml NaOH
0.2 mol/l was added to the medium to stop the reaction. The amount of
p-nitrophenol released from the substrate was measured at 400 nm
using a molar extinction coefficient of 18810 */mol/l/cm. All
samples were performed in triplicate. Enzyme activities were expressed
as nmol p-nitrophenol released /min/mg protein.

2.6. Adenosine deaminase activity determination

ADA from platelets was determined according to Guisti and
Galanti [18] based on the Bertholet reaction, that is, the formation of a
colored indophenol complex from ammonia released from adenosine
and quantified spectrophotometrically. Briefly, 50 ul of platelets
reacted with 21 mmol/l of adenosine pH 6.5 and was incubated at
37 °C for 60 min This method is based on the direct production of
ammonia when ADA acts in excess of adenosine. The protein content
used for the platelet experiment was adjusted between 0.7 and
0.9 mg/ml. Results were expressed in U/l. One unit {1 U) of ADA is
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defined as the amount of enzyme required to release 1 mmaol of
ammonia per minute from adenosine at standard assay conditions.

2.7. Flow cytometry analysis for CD39

Peripheral blood cells were incubated with anti-CD39 and anti-
CD61 (20 W06 cells) for 25 min, lysed with the reagent FACS
(fluorescent activated cell sorter) and incubated again for 15 min in
the dark. Cells were washed twice in PBS buffer (pH 7.4) containing
0.02% (W/V) sodium azide and 02% (W/v) BSA. The cells were
then resuspended in PBS buffer (pH 7.4) and immediately analyzed
by FACScalibur flow cytometer using CellQuest software (Becton
Dickinson, San Jose, CA) without fixation.

2.8. Platelet aggregation

The platelet aggregation profile was evaluated by the method of
Born [19] by measuring turbidity with a Chrono-log optical aggreg-
ometer (AGGRO/IINK® Model 810-CA software for Windows ver. 5.1)
using ADP at a concentration of 2.5, 5 and 10 umol/l and collagen ata
concentration of 2.5, 5 and 7.5 pg/ml as agonist. The results were
expressed as percentage of aggregation,

289, Effects of acetylsalicylic acid and clopidogrel in vitro on activity of
enzymes that degraded adenine nucleotides and nucleosides and platelet
aggregation

The in vitro effects of acetylsalicylic acid and clopidogrel on
NTPDase, 5'-nucleotidase, E-NPP and ADA activities were evaluated.
Isolated platelets from healthy subjects were incubated with different
concentrations of these drugs in the medium reaction as previously
described. All concentrations of acetylsalicylic acid (0, 50, 100, 150
and 200 wmol/l) and dopidogrel (0, 1, 3, 5, 8 umol/l) used in vitro
represent approximately the mean plasma values of the medications
[20,21]. To analyze the effect of these drugs on platelet aggregation
concentrations of 150 pmol/l for acetylsalicylic acid and 10 umol/l for
clopidogrel were chosen as they represent the plasmatic concentra-
tions of these drugs.

2.10. Biochemical determinations

CK and CK-MB were assayed by spectrophotometric methods
using available commercial kits (Labtest, Minas Gerais, Brazil) with a
Cobas Integra-400 method (Cobas, Basel, Switzerland). Troponins
were determined (Immulite, Los Angeles, CA) upon arrival to the
emergency room and at 8, 12, and every 24 h after the onset of pain
until the maximum level was reached.

2.11. Protein determination

Protein was determined by the Coomassie blue method using
bovine serum albumin as standard [22].

2.12. Siatistical analysis

Continuous variables are presented as mean + SEM and the other
variables are shown as percentage of patients. Data were analyzed
statistically by one-way ANOVA, followed by Duncan’s multiple range
test. Differences between groups were considered to be significant
when P<0.05.

3. Results
The dinical charactenstics and biochemical determinations of the

study group are shown in Table 1. The study groups were age and sex
matched. Risk factor analysis (Table 1) showed prevalence of

hypertension, smoking and family history of heart diseases in both
the IHD patient groups studied. We observed an increase in cardiac
biomarkers in ACS patients when compared with the control group
and SAP patients.

The results obtained for NTPDase and ecto-5'-nucleotidase
activities in platelets are shown in Fig. 1. As can be observed, ATP

A
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T

nmol Pifmin/mg proteina

%]
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Fig. 1. NTPDase (ATP and ADP) and ecto-5'-nucleotidase (AMP) activities in platelets of
ACS and SAP patients and control group (CT). Data are presented as means 4 SEM.
Groups with different letters are statistically different (P<0.05, n=30).
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and ADP hydrolysis were significantly increased in ACS patients when
compared with the control group and SAP patients, P<0.0001 (Fig. 1A
and B). However, no differences for ATP and ADP hydrolysis were
observed when comparing SAP patients and the control group
(P=0.19). AMP hydrolysis was modified by IHD (Fig. 1C) demon-
strating a significant increase in AMP hydrolysis in ACS patients when
compared with the control group and SAP patients (P<0.00001).
Differences in AMP hydrolysis were also observed in SAP patients
when compared with the control group (P<0.0001).

Statistical analysis of the content of CD39-positive cells by flow
cytometry using labeled antibodies against NTPDase revealed that
ACS patients had a significant increase in NTPDase expression when
compared with SAP patients and the control group, P=0.0001 (Fig.2).
No differences were observed between SAP patients and the control
group (P=0.25).

Fig. 3 shows E-NPP activity. An increase in E-NPP activity was
observed in both groups studied (ACS and SAP patients) when
compared with the control group (P<0.0001), In contrast, ADA
activity decreased in ACS and SAP patients when compared with the
control group, P<0.001 (Fig. 4).

Table 2 presents the results obtained for platelet aggregation. As
can be observed, a significant decrease was found in platelet
aggregation in ACS and SAP patients when compared with the control
group at different concentrations of ADP and collagen ( P<0.05). In the
in vitro plasmatic concentrations, acetylsalicylic acid decreased
platelet aggregation only when collagen was utilized as agonist.
Clopidogrel reduced platelet aggregation when both agonists were
utilized at the lowest concentrations, P<0,05 (Table 3).

No differences were observed in NTPDase, 5'-nucleotidase, E-NPP
and ADA activities when acetylsalicylic acid and clopidogrel were
utilized in vitro (data not show).

4. Discussion

IHD patients were classified into 2 groups: acute coronary
syndrome (ACS) and stable angina pectoris (SAP). In both groups,
the platelets are the most important blood components that
participate in and regulate thrombus formation by releasing active
substances such as ADP and ATP [3,4]. Since these nucleotides are
present in the extracellular medium, they may contribute to
alterations in platelet aggregation [4,6]. However, extracellular
adenine nucleotide levels are controlled by a complex cell surface-
located group of enzymes called ectonucdleotidases [9-11 23]

Several studies from our laboratory have demonstrated that
ectonuclectidases are enzymes that play an important role in thrombor-

20
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Fig. 2. CD39 expression in platelets of ACS and SAP patients and control group (CT)
analyred by flow cytometry. Data are presented as means + SEM. Groups with different
letters are statistically different (P<005, n=8).
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NPP

nmol p-nitrophencl released

CcT SAP ACS

Fig. 3. E-NPP activity in platelets of ACS and SAP patients and control group (CT). Data
are presented as means +SEM. Groups with different letters are statistically different
(P=0,05, n=30).

egulation mechanisms and alterations in their activiies have been
verfied in various diseases, suggesting that they could be important
physiological and pathological parameters [16,23-26). Therefore, in the
present study we evaluated the enzymes that hydrolyze adenine
nucleotides and nucleosides in platelets from [HD patients.

The results obtained demonstrate an increase in ATP and ADP
hydrolysis in ACS patients (Fig. 1A and B). The same results were
obtained for NTPDase-1 (CD38) expression (Fig. 2). Corroborating
with these results, recent studies made in our laboratory demon-
strated a significant increase in the expression of NTPDase-1 in
platelets of patients with hypercholesterolemia and inflammatory
processes [26], and patients with type 2 diabetes and hypertension
[27], indicating that NTPDase-1 is an important enzyme in nucleotide
hydrolysis in many pathologies, including 1HD.

Moreover, an increase in AMP hydrolysis was observed in IHD
patients (Fig. 1C). Based on these findings, and in accordance with
other studies [24,28,29], we can suggest that hydrolysis of ATP, ADP
and AMP in platelets of patients with IHD could be carried out by
action of NTPDase-1 Logether with ecto-5'-nucleotidase, since both
enzymes are present on the ecto-surface in intact platelets and are
able to promote the complete hydrolysis of ATP to adenosine in the
extracellular space.

Another important group of enzymes that participate in the
cascade of nucleotide hydrolysis is E-NPPs, responsible for

8

ADA

P<0.05

CcT SAP

ACS

Fig. 4. ADA activity in platelets of ACS and SAP patients and control group (CT). Data are
presented as means+SEM. Groups with different letters are statistically different
(P<0i05, n=30).
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Table 2
Platelet aggregation profile in the control group (CT) and stable angina pectoris (SAP)
and acute coronary syndrome (ACS) patients.

Agonist Groups
T SAP ACS

ADP 2.5 umol /| 730+2.26° 532+ 517" 4654 +3.90"
ADP 5.0 umol/| 720+3.26° 573+ 5.14" 529+3.71%
ADP 10 umeol/l 71423567 61.2+ 485% 496 +4.12"
Collagen 2.5 pg/ml 81241117 626+431" 58.0+8.18"
Collagen 5.0 uz/ml 804+1.12° 70.1+ 3.89" 6546 +6.65"
Collagen 7.5 yg/mi 790+ 1.58° 66417 67.3+4.05"

Platelet ageregation was evaluated by using ADP at concentrations of 2.5, 5 and 10 pM
and collagen at concentrations 2.5, 5 and 7.5 pg/ml as agonist, The results are expressed
as percentage of aggregation. Data were analyzed statistically by one-way ANCOWA,
followed by Duncan's multiple range test. Different letters are statistically different
(p=005, n=10)

hydrolyzing 5'-phosphodiester bonds in nucleotides and their
derivatives, where both purines and pyrimidines serve as substrates,
resulting in the production of nucleotide monophosphate. This
enzyme is made up of 3 members (NPP1-3), which are responsible
for the conversion of cyclic AMP to AMP, ATP to AMP and ADP to AMP
[10,12,30}. Our results demonstrate an increase in E-NPP activity in
ACS and SAP patients (Fig. 3). An increase in E-NPP activity may lead
to an increase in AMP levels (“NTPDase-like” action ), which can be
hydrolyzed by ecto-5"-nucleotidase action into adenosine [3]. In the
present study, we confirmed this hypothesis by observing the
nucleotide hydrolysis in SAP patients, where no differences were
observed in NTPDase-1 activity and expression in this group, while E-
NPP and ecto-5"-nucleotidase activities rose.

The increase in NTPDase-1, E-NPP and ecto-5'-nucleotidase
activities found in this study could be related to a compensatory
organic response. It is known that ATP promotes vasoconstriction in
the vascular endothelium and ADP activates platelet aggregation,
whereas adenosine, a cardioprotector molecule, induces vasodilata-
tion and the inhibition of platelet aggregation [6-8,31]. Consequently,
the organism could be reducing thrombotic processes by depleting
ADP and enhancing adenosine production.

In addition to the enhancement of ectonucleotidase activities, our
results demonstrate that ADA activity was decreased in platelets of IHD
patients (Fig. 4). Similarly, Asakura et al. [32], studying patients with
chronic heart failure, found a downregulation of adenosine deaminase
expression inhuman failing hearts, as well as adecrease in ADA activity.
ADA catalyses the deamination of adenosine and deoxyadenosine to
inosine and deoxyinosine, It is involved in controlling adenosine levels
and has been shown to be modified by many pathological situations
[14]. Thus, the decrease in ADA activity observed in our patients could

Table 3
Effects in vitro of acetylsaliclic acid (150 umal/l) and clopidogrel (10 umol/l) on
platelet ageregation

cT Drugs

Acetylsalicylic acid Clopidogrel

(150 umol/1) (10 umo /1)
ADP 2.5 pmol /| 71,66 +033" 67.66 £3.18° 65,67 +1.21°
ADP 5.0 pmol /1 7100+252° 67.33 £4.33° 69.01 +1.15°
ADP 10 umol/l 7260 +384° 6632 +5.81° 67.66 +2.18°
Collagen 2.5 yg/ml 7933 +1.85° 63.00 +1.73° 60,33 £ 0.66"
Collagen 5.0 pg/ml BOG6+033* 67.31+1.55" 743343372
Collagen 7.5 ug/mi 78.00+152° 68.33 +2.40° 75.06 +4.57°

Platelet aggregation was evaluated by using ADP at concentrations of 2,5, 5 and 10 uM
and collagen at concentrations 2.5, 5 and 7.5 ug/mi as agonist, The results are expressed
as percentage of aggregation. Data were analyzed statistically by one-way ANOWVA,
followed by Duncan's multiple range test. Different letters are statistically different
(p=005, n=3),

represent an important mechanism to preserve adenosine levels in the
circulation and to avoid platelet aggregation.

Reinforcing this line of reasoning, we have shown a decrease in
platelet aggregation in IHD patients, at different concentrations of ADP
and collagen as agonist {Table 2). In order to exclude the possibility of a
direct effect of drugs commonly used in the treatment of IHD, we
investigated the influence of acetylsalicylic acid and clopidogrel in
plateletaggregation (Table 3), Acetylsalicylic acid is anantiplatelet drug
that interferes with the metabolism of cyclic prostanoids by irreversible
inhibition of cyclooxygenase, which is a key enzyme in the pathway of
thromboxane A2 synthesis [33]. Clopidogrel is an antiplatet compound
that has recently been shown to be effective in the secondary prevention
of cardiovascular complications of atherosclerosis [34]. Clopidgorel is a
thienopyridine, whose active metabolites are known as platelet ADP-
receptor blockers (P2Y;2) [34]. In plasmatic concentrations in vitro, AAS
and clopidogrel decreased platelet aggregation, however this decrease
was lower than that observed in IHD patients. These results reinforce the
hypotheses that a decrease in ADA activity could preserve adenosine
levels in the circulation, reducing platelet aggregation. Besides, the
therapy with AAS and clopidogrel is used in high concentrations only
after an ischemic event, which justifies the action of these drugs in
reducing platelet aggregation subsequent to ischemia

Finally, we investigated the influence of acetylsalicylic acid and
clopidogrel on NTPDase, ecto-5'-nucleotidase, E-NPP and ADA activity
(data not show). In agreement with other studies [16,24,35] our
results demonstrate that these drugs did not alter the enzymes
studied at the concentrations tested. Consequently, we believe that
the increase in NTPDase, 5'-nucleotidase and E-NPP activity and the
inhibition of ADA observed in the present study were not affected by
the medications used by the patients. These findings indicate that the
alterations in enzyme activities were generated by the pathological
condition.

In conclusion, based on the results presented here we suggest that
the pathological condition in IHD produced alterations in ectonucleo-
tidase activities as a compensatory organic response. Furthermore,
this finding supports the hypothesis that enzymatic alterations may
contribute to modifications in platelet aggregation, however we
believe that additional studies are necessary to better comprehend
the involvement of nucleotide- and nucleoside-hydrolyzing enzymes
and their usefulness as a possible therapeutic window in cardiac
diseases such as [HD.
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Abstract

Objectives: The present study was designed to investigate the role of
cholinesterases as a marker of low-grade systemic inflammation in patients with
Ischemic Heart Disease (IHD) and the correlation with high sensitivity C-
reactive protein (hsCRP) and LDL-cholesterol.

Design and Methods: Seventy IHD patients were selected for the study.
Acetylcholinesterase (AChE) and Butyrylcholinesterase (BuChE) activity was
determined in total blood and serum of IHD patients and controls.

Results: Our study shows an increase in the AChE activity in IHD patients
(P<0.05). The same results were observed for the BUChE activity and the levels
of hsCRP in patients with Acute Coronary Syndrome (ACS). Moreover, a
positive correlation between hsCRP and AChE (r=0.91, P<0.05), and LDL-
cholesterol and AChE (r=0.93, P<0.05) was found in ACS patients.
Conclusions: Taken together, these results suggest that there is an
association between inflammation and the increase of the cholinesterase

activity in IHD patients.

Key Words: Isquemic Heart Disease; acetylcholinesterase; high sensitivity C-

reactive protein; LDL-cholesterol; inflammation
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1. Introduction

Ischemic heart disease (IHD) is an increasing common cause of death in
the world. This disease is the insufficient status of oxygen within the cardiac
muscles due to an imbalance between oxygen supply and demand. It is also a
cardiac disease that occurs as a result of coronary artery stenosis by
atherosclerosis and thrombus [1].

Atherosclerosis is the most common pathological process that leads to
cardiovascular diseases (CVD). It is a disease of large- and medium- sized
arteries that is characterized by a formation of atherosclerotic plaques
consisting of necrotic cores, calcified regions, accumulated modified lipids,
inflamed smooth muscle cells, endothelial cells, leukocytes, and foam cells [2].
These features of atherosclerotic plaques illustrate that atherosclerosis is a
complex disease, and many components of the vascular, metabolic, and
immune systems are involved in this process. [2,3]. A large body of literature
supports the idea that inflammation plays a pivotal role in all phases of
atherosclerosis, from the fatty streak lesion formation to the acute coronary
event due to vulnerable plaque rupture [4,5].

The inflammatory reactions within coronary atherosclerotic plaques
influence the clinical result of acute coronary syndromes (ACS) and coronary
artery disease. Recent studies have suggested that inflammation markers may
reflect different aspects of the atherothrombotic process in relation to the stages
of ACS. These markers play an important role in the risk of developing IHD, and
may correlate with its severity. Some cytokines, acute phase proteins and
adhesion molecules released from the inflammatory cells may reflect the

inflammatory process in atherosclerotic plaques [5]. These biomarkers include
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high sensitivity C-reactive protein (hsCRP), a simple downstream marker of
inflammation, recently emerged as a major cardiovascular risk factor. Elevated
baseline concentrations of hsCRP are associated with the risk of atherosclerotic
events in general populations and show a predictive value even in terms of
secondary prevention, both in patients with chronic stable angina pectoris (SAP)
and ACS [4-6].

However, recent studies have suggested that more markers of low-grade
systemic inflammation need to be identified. In this context the study of
enzymes, such as acetylcholinesterase (AChgE; E.C. 3.1.1.7) and
butyrylcholinesterase (BuChE; E.C. 3.1.1.8), becomes considerable [7]. AChE
is a specific choline esterase, hydrolyzing predominantly choline esters
(acetylcholine - ACh), and characterized by high levels in brain, nerve and red
blood cells. The other type of enzyme, BUChE, is a nonspecific choline esterase
(also called “pseudo” choline esterase) hydrolyzing other esters as well as
choline esters, and found in blood serum, pancreas, liver, and central nervous
system [8,9].

ACh is synthesized by preganglionic fibres of the sympathetic and
parasympathetic autonomic nervous system and Dby postganglionic
parasympathetic fibres. Until recently, neurons were the only identified source
of ACh. It is now known that cells other than neurons express the proteins
required for ACh metabolism. ACh is synthesized, amongst others, by immune
cells (lymphocytes, dendritic cells, neutrophils) [10-12], and endothelial cells
[13]. It is possible that ACh derived from these sources is involved in the
modulation of local inflammatory processes [14]. Nevertheless, ACh is rapidly

hydrolyzed by AChE in neural synapses and the motor endplate. In view of the
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inflammatory suppressive effect of ACh, it is conceivable that the AChE activity
is an intrinsic regulator of inflammation [7, 14].

Considering the important roles of the extraneuronal cholinergic system
in inflammatory processes and the necessity to find new markers of low-grade
systemic inflammation, the present study was designed to investigate the
activity of AChE and BuChE enzymes in whole blood and serum, respectively,
as well as their correlation with the levels of hsCRP and LDL-cholesterol in

serum of patients with [HD.

2. Patients and Methods
2.1 Patients

Seventy IHD patients from the Federal University of Santa Maria Hospital
were selected for the study. The IHD patients were divided in two groups: Acute
Coronary Syndrome (ACS - 35 patients) and Stable Angina Pectoris (SAP- 35
patients), characterized by clinical criteria, such as chest pain for more than 30
min. The pain was described as heavy, squeezing, and crushing, involving the
central portion of the chest and/or the epigastrium, and on occasion it radiates
to the arms, associated to clinical evidence of ischemia through a history of
coronary arterial disease (CAD). The electrocardiographic changes included
symmetrical ST segment elevations of 1 mm from baseline in limb leads or of 2
mm in chest leads of T-wave inversions with or without Q waves, and changes
in serum concentrations of creatine kinase (CK), creatine kinase MB isoform
(CK-MB) and troponins. The control group consisted of 35 individuals aged
51.60 £ 2.64 years, 52% males and 48% females, who presented normal blood

pressure, were free from diabetes mellitus, alcoholism, cigarette smoking,
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chronic diseases and who had not been submitted to any pharmacological
therapy during the month before the study. All subjects gave written informed
consent to participate in the study. The protocol was approved by the Human
Ethics Committee of the Health Science Center from the Federal University of
Santa Maria, protocol number 0132.0.243.000-08, Brazil. Ten milliliters of blood
was obtained from each patient and used for biochemical determinations. The
same procedure was carried out for the control group. Patient general

characteristics are shown in table 1.

2.2 Sample collection

For measuring AChE activity the whole blood was collected in vacutainer
tubes, using EDTA as anticoagulant. The samples were hemolyzed with
phosphate buffer 0.1 M, pH 7.4 containing Triton X-100 (0.03%) and stored at -
30 °C for 2 weeks.

BuChE activity, hsCRP and biochemical analyses were performed in
serum obtained from blood collected in vacutainer tubes without anticoagulant

system, and centrifuged at 1800 x g for 15 min.

2.3 Chemicals

Acetylthiocholine iodide (ASCh), 5,5-dithio-bis-2-nitrobenzoic acid
(DTNB, Ellman's reagent) and Triton X-100 were obtained from Sigma
(Deisenhofen, Germany), and ethopropazine hydrochloride from Aldrich
(Steinheim, Germany). All the other reagents used in the experiments were of

analytical grade and of the highest purity.
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2.4 Determination of AChE activity in whole blood

The AChE enzymatic assay was determined by the method of Elmann et
al. [15] modified by Worek et al. [16]. The specific activity of whole blood AChE
was calculated from the quotient between AChE activity and hemoglobin

content and the results were expressed as mU/umol Hb.

2.5 Determination of BUChE activity in serum

The BuChE enzymatic assay was determined in serum by a modification
of the spectrophotometric method of Ellman et al. [15]. The reaction mixture (2
mL final volume) contained 100 mM K*-phosphate buffer, pH 7.5 and 1 mM 5,5'-
dithiobisnitrobenzoic acid (DTNB). The method is based on the formation of the
yellow anion, 5,5'-dithio-bis-acid-nitrobenzoic, measured by absorbance at 412
nm during 2-min incubation at 25°C. The enzyme was pre-incubated for 2 min.
The reaction was initiated by adding 8 mM butyrylthiocholine iodide (BuSCh).
All samples were run in duplicate or triplicate and enzyme activity was

expressed in ymol BuSCh/h/mg of protein.

2.6 hsCRP and biochemical determinations

hsCRP was measured in serum by immunoluminometry (IMMULITE
2000; Diagnostic Products Corporation, Los Angeles, CA,USA). Plasma
glucose, serum total cholesterol and triglyceride concentrations were measured
by standard enzymatic methods using Ortho-Clinical Diagnostics® reagents on
a fully automated analyzer (Vitros 950® dry chemistry system; Johnson &
Johnson, Rochester, NY, USA). High-density lipoprotein cholesterol was

measured in the supernatant plasma after precipitation of apolipoprotein B-
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containing lipoproteins with dextran sulfate and magnesium chloride, as
previously described [17]. Low-density lipoprotein cholesterol was estimated

with the Friedewald equation [18].

2.7 Protein determination

Protein was measured by the method of Bradford [19] using bovine

serum albumin as standard.

2.8 Statistical Analysis

Continuous variables were presented as mean + SEM and the other
variables were shown as percentage of patients. Data were analyzed
statistically using one way ANOVA followed by the Duncan’s multiple test —
SSPS 8.0 for Windows. Correlation was evaluated with the Pearson’s test.

Differences were considered significant when the probability was P < 0.05.

3. Results

The clinical characteristics and cardiac biomarkers of the study groups
are shown in Table 1. The study groups were age and sex matched. Risk factor
analysis showed prevalence of hypertension, smoking and family history of
heart diseases in both IHD patient groups studied. An increase in the cardiac
biomarkers was observed in ACS patients when compared with the control
group and SAP patients (Table 1).

Total cholesterol, HDL-cholesterol, LDL-cholesterol, triglycerides and
glucose levels in the groups studied are shown in Table 2. A significant increase

in total cholesterol, LDL-cholesterol, triglycerides and glucose levels was
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observed in the ACS patients when compared with the other groups (P< 0.05).
The same results were observed for the triglycerides in SAP patients (P< 0.05).
For HDL-cholesterol a decrease in ACS and SAP patients was found when
compared to control (P< 0.05).

The results of AChE and BuChE activities are shown in Figures 1 and 2,
respectively. AChE activity was elevated in ACS and SAP patients (63% and
56%, respectively) when compared to control (P< 0.05). BUChE activity was
found to be increased only in the ACS patients (23%) when compared with the
control group (P< 0.05). No differences were observed to the BuChE activity in
the SAP group (P=0.68). The same results were obtained to hsCRP levels
(Figure 3). hsCRP levels were increased in ACS patients when compared with
the other groups (P<0.05), whereas no differences were observed in hsCRP
levels in SAP patients (P=0.21).

A statistically significant positive correlation was found between hsCRP
and AChE (r=0.91, P<0.05), which indicates an association between AChE and
inflammation. Another positive correlation was between LDL-cholesterol and
AChE (r=0.93, P<0.05), which confirms the supposition above (Figures 4 and

5), respectively.

4. Discussion

The idea that inflammation is present in CVD was expressed by Virchow
as early as 1856, but it took until 1994 for low-grade inflammation to come into
focus as a predictor of risk for CVD [20]. Currently, inflammatory process is
recognized to play a central role in the pathogenesis of atherosclerosis and in

its complications [21,22]. Recent studies have demonstrated that ACh, the
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principal vagus neurotransmitter, has important anti-inflammatory actions
[7,14,23]. This “cholinergic anti-inflammatory pathway” mediated by ACh acts
by inhibiting the production of tumor necrosis factor (TNF), interleukin-1 (IL-1)
and suppresses the activation of nuclear factor-kappa B (NF-kB) expression
[24]. However, ACh is rapidly hydrolyzed by AChE and BuChE enzymes [8,9].
Hence, when the activities of AChE and BuChE enzymes are increased it could
lead to reduced levels of ACh. This leads to a reduction in the anti-inflammatory
actions exerted by ACh and increased inflammatory process [23]. Following this
line of reasoning, in the present study we evaluated the activities of AChE and
BuChE, as well as the levels of the hsCRP in IHD patients and the relation with
the inflammatory process.

Our results show an increase in the AChE activity in ACS and SAP
patients, while the BUChE activity was elevated only in ACS patients (Figures 1
and 2). AChE and the related BuChE can mediate ACh hydrolysis in neuronal
and non-neuronal ACh signaling pathways [25]. AChE shows a marked
preference for acetates as ACh and had virtually no action on butyrates, while
BuChE can hydrolyze acetate, but shows a marked preference for butyrates
[26]. Once increased total blood and serum activities of AChE and BuChE
enzymes indirectly reflect reduced levels of ACh, the enhancement of local and
systemic inflammatory events is observed due to the absence of the negative
feedback control exerted by ACh [23]. According to Rosas-Ballina [14],
considering the inflammatory suppressive effect of ACh, it is conceivable that
AChE activity is an intrinsic regulator of inflammation, since it is specific for

hydrolyzing acetate esters as ACh. In this context, the alteration in
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cholinesterases observed in our patients may reinforce the inflammatory
process already present in this pathology.

In accordance with our results, studies with diabetes mellitus patients
[27], ischemic stroke patients [28], Alzheimer's disease [23, 29], and metabolic
syndrome [30] revealed a relation between cholinesterases and inflammatory
diseases. Rao et al. [23] propose that an increase in AChE and BuChE activity
in Alzheimer’'s disease and type 2 diabetes mellitus reveal an inflammatory
process and may serve as markers to predict the development of the disease.
Correa et al. [28] suggest that increased erythrocyte AChE activity in acute
ischemia could be associated with the presence of inflammatory mediators in an
acute clinical event. Valle et al. [31] observed significant correlations between
cholinesterase activities and variables associated with CVD and the metabolic
syndrome.

Additionally, several studies have showed that selective AChE inhibitors
exhibit anti-inflammatory effects in brain ischemia [32], Alzheimer’s disease
[33], and in myocardial ischemia/reperfusion [34]. The protection mechanism
involves the inhibition of AChE activity and activation of a7 nicotinic
acetylcholine receptors (a7 nAchR). The ACh non-hydrolyzed can interact with
a7 nAchR expressed by macrophages and other cytokine producing cells,
down-regulate pro-inflammatory cytokine synthesis and prevent tissue damage
[35]. Taken together these findings show a link between cholinesterases and
inflammatory process.

Another point to be considered is the hsCRP levels. hsCRP is a highly
conserved plasma protein and a marker of inflammation recently emerged as a

major cardiovascular risk factor [4]. High baseline hsCRP concentrations are
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associated with the risk of atherosclerotic events in general populations and
show a predictive value even in terms of secondary prevention, both in patients
with SAP and ACS [4, 6]. In our study we observed an increase in hsPCR levels
in SCA patients (Figure 1), while this was not observed in SAP patients. On the
other hand, an increase in the AChE activity (Figure 2) was found in both
groups studied. Thus, AChE may be more sensitive for low-grade inflammation
in patients with IHD than hsPCR. However, with our results we could only show
that AChE might could be a good marker of low-grade systemic inflammation
once a positive correlation between hsCRP and AChE (Figure 4) was found,
and AChE, in total blood, is easily obtainable and measurable.

Moreover, hyperlipidemia is a well known risk factor for the development
of atherosclerosis. The accumulation of smaller, denser LDL particles in the
vessel wall is considered to be a key pathophysiological mechanism
responsible for the development of atherosclerosis [36]. This process is further
facilitated by reduced reverse cholesterol transport associated with low HDL-
cholesterol [37]. The present study demonstrated an increase in LDL-
cholesterol and a decrease in HDL-cholesterol levels in IHD patients (Table 2).
These results confirm the literature [38, 39] and show a positive correlation
between LDL-cholesterol and AChE in ACS patients (Figure 5). Once LDL-
cholesterol is associated with atherosclerosis and inflammatory process, a
positive correlation between LDL-cholesterol and AChE could reinforce the
results above and demonstrate that AChE is associated with low-grade
inflammation.

In conclusion, we report, for the first time, that cholinesterases are linked

with inflammation in IHD patients. These findings support the hypothesis that
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AChE and BuChE could serve as markers of low-grade inflammation. However,
we believe that additional studies are necessary to comprehend the relation
between cholinesterases and inflammatory process in IHD patients and their

usefulness as possible markers of low-grade inflammation in IHD.
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Table 1- Clinical characteristics and cardiac biomarkers in control group (CT),

stable angina pectoris (SAP) and acute coronary syndrome (ACS) patients.

Variable CT SAP ACS
n=35 n=35 n=35
Age (years) 51.60+2.64  63.52+1.68 63.44 + 3.04
Men 52% 63% 63%
Women 48% 37% 37%
Hypertension - 82% 88%
Smoker - 51% 59%
Diabetes Mellitus - 42% 64%
Family history of CAD - 77% 85%
CK (Ul) <232 <232 509.13 £ 35.9
CK-MB (Ul) <24 <24 74.86 + 6.34
Troponin | (ng/ml) <0.2 <0.2 2540 +3.42

Continuous variables are presented as mean + SEM and the other variables are

shown as percentage of patients.
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Table 2 — Total cholesterol, HDL-cholesterol, LDL-cholesterol, triglycerides and
glucose levels in control (CT), stable angina pectoris (SAP) and acute coronary

syndrome (ACS) groups.

CT SAP ACS
Blood Parameters (n=35) (n=35) (n=35)

Total cholesterol 178.57 + 6.44° 176.13 + 4.44° 202.76 + 7.92°

HDL-cholesterol 49.25 + 1.93? 39.40 + 1.66° 41.23 +1.70°
LDL-cholesterol 103.04 + 4.55° 105.48 + 5.30% 119.81 + 6.16°
Triglycerides 123.10 = 5.50? 145.86 + 7.92° 162.40 + 9.81°
Glucose 93.68 + 2.04° 104.60 + 2.53° 145.28 + 8.62°

Data are presented as means + SEM. Groups with different letters are

statistically different (p<0.05, n=35).
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Legends

Figure 1- Total blood AChE activity in control (CT), stable angina pectoris (SAP)
and acute coronary syndrome (ACS) groups. Data are presented as means +

SEM. Groups with different letters are statistically different (p<0.05, n=35).

Figure 2 — Serum BuChE activity in control (CT), stable angina pectoris (SAP)
and acute coronary syndrome (ACS) groups. Data are presented as means +

SEM. Groups with different letters are statistically different (p<0.05, n=35).

Figure 3 — Levels of hsCRP in control (CT), stable angina pectoris (SAP) and
acute coronary syndrome (ACS) groups. Data are presented as means + SEM.

Groups with different letters are statistically different (p<0.05, n=35).

Figure 4- Pearson’s correlation between total blood AChE activity and hsCRP

levels (r= 0.92, P<0.05).

Figure 5- Pearson’s correlation between total blood AChE activity and LDL-

cholesterol levels (r= 0.93, P<0.05).
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Abstract Acute myocardial infarction (AMI) is a highly
dynamic event, which is associated with increasing pro-
duction of reactive oxygen species (ROS). The imbalance
between ROS production and antioxidant defenses leads to
the condition known as oxidative stress. The most widely
recognized effect of increasing oxidative stress is the oxi-
dation and damage of macromolecules, membranes, pro-
teins, and DNA. Therefore, in this study we sought to
evaluate oxidative stress and antioxidant defenses in
patients with AMI. Lipid peroxidation, protein carbonyl
levels, and enzymatic and nonenzymatic antioxidants were
assessed in samples obtained from 40 AMI patients and 40
control patients. AMI was characterized by clinical, elec-
trocardiographic, and laboratory criteria. The control group
was divided into two groups of 20 patients: a control group
with healthy patients and a risk group. Our results dem-
onstrated an increase in substances reactive to thiobarbi-
turic acid (TBARS) and carbonyl protein levels in the AMI
and risk groups. In addition, a positive correlation was
found between TBARS, carbonyl protein levels, and tro-
ponin I in AMI patients. Surprisingly, for the enzymatic
antioxidant defenses, catalase and superoxide dismutase,
we observed an increase in these parameters in the AMI
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and risk groups when compared with healthy patients.
However, a decrease in nonenzymatic antioxidants such as
vitamin C and vitamin E was observed in AMI patients
when compared with the healthy group and the risk group.
The increase in oxidative stress was probably a result of the
elevation in ROS production due to the ischemic/reperfu-
sion event that occurs in AMI, in addition to the decrease
of nonenzymatic antioxidant defenses.

Keywords Myocardial infarction - Oxidative stress -
Oxidant - Antioxidant - Enzyme

Introduction

Vascular diseases are one of the major public health
problems in the developed world, resulting in devastating
symptoms involving coronary artery occlusion, peripheral
vascular insufficiency, cerebrovascular disorders, and acute
myocardial infarction (AMI) [1]. These diseases affect
millions of people annually, resulting in extensive mor-
bidity and mortality. [2].

Acute myocardial infarction generally occurs when cor-
onary blood flow decreases abruptly after a thrombotic
occlusion of a coronary artery previously narrowed by ath-
erosclerosis. That is to say, AMI occurs when a coronary
artery thrombus develops rapidly at a site of vascular injury.
This injury is produced or facilitated by factors such as
cigarette smoking, hypertension, and lipid accumulation [3].

A decrease in the blood supply to the heart caused by
atherosclerosis or thrombosis is known to induce myocardial
ischemia. Following ischemia, reactive oxygen species
(ROS) are produced during the reperfusion phase [4]. During
ischemia, mitochondrial carriers are in a reduced state. Dur-
ing reperfusion, the interaction between molecular oxygen
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and the reduced respiratory chain leads to the formation of
ROS [5]. However, ROS can arise from many sources,
including activation of vascular nicotinamide adeninedinu-
cleotide phosphate oxidase, xanthine oxidase, inducible nitric
oxide synthase, auto-oxidation of catecholamines, increased
angiotensin 11 and aldosterone levels, and release of proin-
flammatory cytokines [6].

Reactive oxygen species may have several different
effects on the heart. The most commonly recognized effect
of increased oxidative stress is the oxidation and damage of
macromolecules such as proteins, lipids, DNA, and enzymes
imvolved in energy production, thereby contributing to
cellular damage, energetic deficit, and the acceleration of
cell death through apoptosis and necrosis [7].

The first biological molecules to suffer oxidative damage
in cells are proteins, and their side chains can be carbonylated
by reactive carbonyl compounds [8]. In addition, membranes
are composed mostly of phospholipids and proteins. Altera-
tions in membrane proteins by free radicals are important in
the evolution of myocardial damage. Increasing ROS leads to
the peroxidation of lipid membranes and loss of membrane
integrity, resulting in necrosis and cell death [9].

The effect of reactive species is balanced by the anti-
oxidant action of nonenzymatic antioxidants as well as by
antioxidant enzymes. The most efficient enzymatic anti-
oxidants are superoxide dismutase (SOD) and catalase
(CAT). Superoxide dismutase catalyzes the dismutation of
superoxide anion (O3 ) to H,0,. Subsequently, H,O, is
reduced to H>O and O; by peroxidases such as glutathione
peroxidase or CAT [10, 11].

Vitamin C and vitamin E are important nonenzymatic
antioxidant defenses. Ascorbic acid (vitamin C) that is
present in the aqueous environment has multiple antioxidant
properties, including the ability to regenerate x-tocopherol
by reducing #-tocopheryl radicals present on the surface of
membranes [12]. Vitamin E has a strong antioxidant
capacity and has been used in several ischemia-reperfusion
studies. It plays a major role in maintaining cell membrane
integrity by limiting lipid peroxidation by ROS [13].

Inadequate antioxidant protection or excessive produc-
tion of ROS create a condition known as oxidative stress,
which can lead to different degrees of damage [14]. The
aim of this study was to assess the relation between oxi-
dants and antioxidant defenses (enzymatic and nonenzy-
matic) in patients with AMI.

Materials and methods
Patient selection

Forty patients with AMI from the Federal University of
Santa Maria Hospital were selected for this study. AMI was
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characterized by clinical criteria including: chest pain for
more than 30 min; pain being described as heavy, squeez-
ing, and crushing, involving the central portion of the chest
and/or the epigastrium, and on occasion radiating to the
arms, and associated to clinical evidence of ischemia
through a history of coronary arterial disease (CAD).
Electrocardiographic changes included symmetrical ST
elevations of 1| mm from baseline in limb leads or of 2 mm
in chest leads of T-wave inversions with or without Q
waves, and changes in serum concentrations of creatine
phosphokinase (CK), creatine phosphokinase MB isoform
(CK-MB), and troponin I [15]. All patients received con-
ventional therapy for AMIL including acetylsalicylic acid
and clopidogrel, but did not receive vitamin or antioxidant
therapies. General patient characteristics are shown in
Table 1. The control group (n = 40) was divided into:
control group L, consisting of 20 healthy individuals aged
52.08 £+ 9.83 years, 55% males and 45% females, who
presented normal blood pressure, were free from diabetes
mellitus, alcoholism, cigarette smoking, and chronic dis-
eases, and who had not been submitted to any pharmaco-
logical therapy during the month before the study; and
control group I (n = 20) with risk factors, such as cigarette
smoking, hypertension, and family history of heart disease.
All subjects gave written informed consent to participate in
the study. The protocol was approved by the Human Ethics
Committee of the Health Science Center of the Federal
University of Santa Maria, Brazil, protocol number 32/06.

Sample collection

The blood samples for the measurement of troponin I were
collected upon entrance to the emergency room and at 8,
12, and every 24 h until the maximum level was reached.
When the maximum level of troponin I was detected, the
blood sample for analysis of the other cardiac biomarkers
(CK and CK-MB) and oxidative stress parameters was
collected (at approximately 72 h after the onset of chest
pain) in tubes without an anticoagulant system, centrifuged
at 1800 xg for 10 min, the precipitate was discarded, and
the serum was used to determine substances reactive to
thiobarbituric acid (TBARS), protein carbonyl, and vitamin
E and vitamin C contents. Catalase and SOD activities
were determined using whole blood collected in citrated
tubes and diluted to a ratio of 1:10 in saline solution. The
samples that were not analyzed at that moment were kept at
—80°C until analysis.

Cardiac biomarkers
CK and CK-MB were assayed by spectrophotometric

methods using available commercial kits (Labtest, Minas
Gerais, Brazil) with a Cobas Integra-400 method (Cobas,
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Table 1 Clinical characteristics

s e R Variable Healthy group (n = 20) Risk group (n = 20) AMI (n = 40)
healthy group, risk group and Age (years) 52,08 + 9.83 4873 £ 422 55.83 + 025
Acute Myocardial Infarction - " .
(AMI) patients Mea 55% 35% 0%
Women 45% 65% 40%
Hypertension - 45% 58%
Smoker - 85% 0%
Family history - 40% 60%
Previous CAD history - - 30%
STEMI - - 50%
NSTEMI - - 50%
Infarct-related artery
Continuous variables are Left anterior descending - - T0%
presented as mean + SEM and Lot circamilex _ B 50%
the other variables are shown as ;
percentage of patients Right Coronary - - 40%
CAD coronary arterial discase, CK clevation (UI) <232 <232 1395 + 109.70
STEMI ST-segment elevation CK-MB clevation (UI) <24 =24 164.76 £+ 32.90
MI. NSTEMI non-ST-segment Troponins clevation (ng/ml)  <0.2 <02 112.31 + 2342

elevation MI

Basel, Switzerland). Troponin I was determined by an
immunology method (Immulite, Los Angeles, CA, USA).

Carbonylation of serum protein

The carbonylation of serum proteins was determined by a
modified Levine method [ 16]. Firstly, from 1 ml of serum, the
proteins were precipitated using 0.5 ml of 10% trichloro-
acetic acid (TCA) and centrifuged at 1800xg for 5 min,
discarding the supernatant. One half milliliter of 10 mmol/l
2 4-dinitrophenylhydrazine (DNPH) in 2 mol/l HCl was
added to this protein precipitate and incubated at room tem-
perature for 30 min. During incubation, the samples were
mixed vigorously every 15 min. After incubation, 0.5 ml of
109% TCA was added to the protein precipitate and centri-
fuged at 1800 g for 5 min. After discarding the supernatant,
the precipitate was washed twice with 1 ml of ethanol/eth-
ylacetate (1:1), centrifuging out the supernatant in order to
remove the free DNPH. The precipitate was dissolved in
1.5 ml of protein dissolving solution (2 g sodium dodecyl
sulfate and 50 mg ethylenediamine tetraacetic acid in 100 ml
80 mmol/l phosphate buffer, pH 8.0) and incubated at 37°C
for 10 min. The color intensity of the supernatant was mea-
sured using a spectrophotometer at 370 nm against 2 mol/l
HCI. Carbonyl content was calculated by using the molar
extinction coefficient (21 x 10% 1/mol em) and results were
expressed as nanomoles per milligram protein.

Determination of lipid peroxidation
Lipid peroxidation was estimated by measuring TBARS in

serum samples according to a modified method of Jentzsch
et al. [17]. Briefly, 0.2 ml of serum was added to the

reaction mixture containing 1 ml of 1% ortho-phosphoric
acid and 0.25 ml alkaline solution of thiobarbituric acid
(final volume 2.0 ml), followed by 45 min heating at 95°C.
After cooling, samples and standards of malondialdehyde
were read at 532 nm against the blank of the standard
curve. The results were expressed as nanomoles malondi-
aldehyde (MDA) per milliliter of serum.

Catalase and superoxide dismutase activities

The determination of CAT activity was carmried out in
accordance with a modified method of Nelson and Kiesow
[18]. This assay involves the change in absorbance at
240 nm due to CAT-dependent decomposition of hydrogen
peroxide. An aliquot (0.02 ml) of blood was homogenized
in potassium phosphate buffer, pH 7.0. The spectrophoto-
metric determination was initiated by the addition of
0.07 ml in an aqueous solution of 0.3 mol/l hydrogen
peroxide. The change in absorbance at 240 nm was mea-
sured for 2 min. Catalase activity was calculated using the
molar extinction coefficient (0.0436 cmzl’pmul) and the
results were expressed as picomoles per milligram protein.

Superoxide dismutase activity measurement is based on
the inhibition of the radical superoxide reaction with
adrenalin as described by McCord and Fridovich [19]. In
this method, SOD present in the sample competes with the
detection system for superoxide anion. A unit of SOD is
defined as the amount of enzyme that inhibits the rate of
adrenalin oxidation by 50%. Adrenalin oxidation leads to
the formation of the colored product, adrenochrome, which
is detected by spectrophotometer. Superoxide dismutase
activity is determined by measuring the rate of adreno-
chrome formation, observed at 480 nm, in a reaction
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medium containing glycine-NaOH (50 mM, pH 10) and
adrenalin (1 mM).

Serum vitamin C and vitamin E quantification

Vitamin C analysis was made by the method described by
Jacques-Silva et al. [20]. The samples were deproteinized
with trichloroacetic acid (TCA) 15%, using 0.5 ml of sam-
ple and 0.5 ml of TCA, vortex-mixed for 15 s, and centri-
fuged at 1800 g for 15 min. Then 0.4 ml of supernatant was
removed and incubated at 37°C in a medium containing
4.5 mg/ml dinitrophenylhydrazine, 0.6 mg/ml thiourea,
0.075 mg/ml CuSQy, and 0.675 mol/l H-SOy. After 3 h,
I ml of 65% H>S0, was added. Then the samples were read
in a spectrophotometer at 520 nm. Calibration curves with
L(+)-ascorbic acid were used to determine the concentra-
tion, following the same procedure used for the samples.
Serum vitamin E was estimated by a modified method of
Hansen and Warwick [21]. In a covered tube, 140 pl of
Milli-Q water (Millipore, Bedford, MA, USA) was added
to 20 pl of butylated hydroxytoluene 10 mM (BHT),
140 pl of sample, and 2.1 ml of ethanol solution (66%).
The mixture was then vortex-mixed for 10 s and 3.5 ml of
n-hexane was added and mixed for | min, followed by
centrifugation at 1800x g for 10 min. Then 3 ml of supe-
rior phase was transferred to fluorimeter cuvettes and
vitamin E was measured in the fluorimeter: excitation:
295 nm; 340 nm. Calibration curves with
a-tocopherol were used to determine the concentration,
following the same procedure used for the samples.

emission:

Protein determination

Protein was measured by the method of Bradford [22
using bovine serum albumin as standard.

Statistical analysis

Continuous variables were presented as mean + SEM and
the other variables were shown as percentage of patients.
Data were analyzed statistically using analysis of variance
followed by the Duncan multiple test using SSPS 8.0 for
Windows (SPSS, Chicago, IL, USA). Correlation was
evaluated with the Pearson test. Differences were consid-
ered significant when the probability was P < 0.05.

Results
Characteristics and cardiac biomarkers

Table 1 shows the baseline characteristics and risk factors
of AMI, such as cigarette smoking, hypertension, and
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family history present in AMI patients. We have observed
in our studies a large number of men with AMI, as previ-
ously described in the literature [3]. In the risk group, we
observed a higher prevalence of smoking, followed by
hypertension, and family history of ischemic heart disease.
The previous CAD history was observed in 30% of AMI
patients. The changes in the electrocardiogram showed that
50% of AMI patients have STEMI (ST-segment elevation
MI) and 50% have NSTEMI (non-ST-segment elevation
MI), and the coronary angiography documented by the
Judkins technique until 72 h after the onset of AMI
revealed that 70% of AMI patients have significant coro-
nary occlusion or stenosis (>50% diameter stenosis) in the
left anterior descending, 50% in the left circumflex, and
40% in the right coronary arteries. Biochemical parameters
demonstrated by CK, CK-MB and troponin [ values were
elevated in the AMI group when compared with the two
other groups (reference values <232 Ul, <24 Ul, <0.2 ng/ml,
respectively).

Carbonylation of serum protein

Protein oxidation, determined by protein carbonyl content
in serum from the patients, is shown in Fig. 1. A significant
difference between the patients and the control groups was
observed. The protein carbonyl content was increased in
the AMI patients when compared with the healthy group
(P < 0.0001) and the risk group (P < 0.01). The results
also showed an increase in the protein carbonyl content in
the risk group when compared with the healthy group
(P < 0.01); however, this elevation was smaller than that
of the AMI patients.
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Fig. 1 Carbonyl protein content in serum of healthy control (CT).
risk factor (RF), and acute myocardial infarction (AMI) groups.
Results are expressed as mean = SEM nmol/mg protein. Groups that
share different letters are statistically different by Duncan’s multiple
test: "P < 0.02 versus healthy control and “P < 0.0001 versus healthy
control
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Lipid peroxidation

Lipid peroxidation estimated by TBARS levels is shown in
Fig. 2. TBARS levels showed an increase in lipid peroxi-
dation in AMI patients when compared with the healthy
group (P < 0.0001) and the risk group (P < 0.01). When
the risk group was compared with the healthy group, an
increase in TBARS levels (P <0.03) was observed.
However, these levels were lower than those of the AMI
patients.

Antioxidant catalase (CAT) and superoxide
dismutase (SOD) activities

Catalase activity was significantly increased in the AMI
group and in the risk group (P < 0.0001 and P < 0.001,
respectively). The same occurred with SOD activity. There
was an increase in the SOD activity in AMI patients
(P <0.0001) and in the risk group (p < 0.002) when
compared with the healthy group (Figs. 3, 4).

Serum vitamin C and E content

Serum vitamin C content was reduced in both the AMI
patients and the risk group (P < 0.0001) when compared
with the healthy group. However, when AMI patients were
compared with the risk group, there was a greater decrease
in vitamin C levels in the AMI patients (P < 0.02).

The serum vitamin E content was reduced in both the AMI
patients and the risk group (P < 0.0001 and P < 0.001,
respectively) when compared with the healthy group
(Table 2).
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Fig. 2 TBARS levels in serum of healthy control (CT), risk factor
(RF), and acute myocardial infarction (AMI) groups. Results are
expressed as mean = SEM nmol MDA/ml serum. Groups that share
different letters are statistically different by Duncan’s multiple test:
bP < 0.03 versus healthy control and “P < 0.0001 versus healthy
control

Discussion

A decrease in blood supply to the heart due to athero-
sclerosis, thrombosis, or coronary artery spasm is known to
induce myocardial ischemia. Although reperfusion of the
ischemic myocardium during early stages is essential in
preventing cardiac damage, it exerts deleterious effects
after a certain critical period. These abnormalities are
represented by contractile dysfunction, an increase in
infarct size, ultrastructural damage, and changes in myo-
cardial metabolism, which at a later stage lead to cell
necrosis and increased ROS production [23]. Cell necrosis
in AMI may be revealed through an elevation of cardiac
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Fig. 3 Catalase activity in total blood of healthy control (CT). risk
factor (RF), and acute myocardial infarction (AMI) groups. Results
arc expressed as mean £ SEM pmol/mg protein. Groups that share
different letters are statistically different by Duncan’s multiple test:
bP < 0.001 versus healthy control and “P < 0.0001 versus healthy
control
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Fig. 4 Superoxide dismutase activity in total blood of healthy control
(CT), risk factor (RF), and acute myocardial infarction (AMI) groups.
Results are expressed as mean = SEM U SOD/mg protein. Groups
that share different letters are statistically different by Duncan’s
multiple test: "P < 0.03 versus healthy control and P < 0.0001
versus healthy control
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Table 2 Comparison of nonenzymatic antioxidant levels between
acute myocardial infarction (AMI) patients, risk group, and healthy
group (mean = SEM)

Variable Healthy Risk group AMI
group

Vitamin C 64.77 £ 377 4823 +£4.14 3803 £212
(mol/l serum)

£ <0.001 <0.0001

P <0.02

Vitamin E 1797 £ .07 1357 £1.17 1268 + 0.54
(pmol/l serum)

P <0.001 <0.0001

P 048

* Compared to the healthy group
i Compared to the risk group

biomarkers (CK-MB and troponins), especially troponin
[24]. Our results showed that all patients had an increase in
serum biomarkers, probably due to ischemia or hypoxia,
which result in cellular necrosis. Troponin is released into
the bloodstream from 4 to 6 h after AMI: peaks appear
after approximately 18-24 h, and the levels can remain
elevated for up to 14 days. Assessment of troponin by
automated assay 1s the most sensitive and specific method
for diagnosing AMI [25].

The imbalance between ROS production and antioxidant
defenses determines the degree of oxidative stress [26].
When there is an increase in ROS production or a decrease
in the antioxidant defenses, this systemic antioxidant/pro-
oxidant imbalance may lead to the accumulation of oxi-
dative damage which, in turn, may lead to a modification of
cellular proteins, lipids, and DNA. reducing functional
capacity and increasing the risk of disease [7, 26].

Protein carbonyl content is the most general indicator
and by far the most commonly used marker of protein
oxidation [8, 27]. Accumulation of protein carbonyls has
been observed in several human diseases including coro-
nary heart surgery [28]. In our study we observed elevated
protein carbonyl levels in AMI patients, which may dis-
close protein damage as a consequence of AMI. ROS can
damage all types of biological molecules. Oxidative dam-
age to proteins, lipids, or DNA may be gravely deleterious
and may occur concomitantly. However, proteins are likely
to be the most immediate vehicle for triggering oxidative
damage in cells [8].

Lipid damage induces the phenomenon known as lipid
peroxidation, which culminates in MDA formation, 4-hy-
droxynonenal (HNE), myeloperoxidases (MPO), lipid
hydroperoxides (LOOH), and F2-isoprostanes [9, 29, 30].
Myeloperoxidase is a basic heme protein that utilizes
chloride as a substrate and H>O, as a cosubstrate to gen-
erate reactive oxidants and radical species that oxidatively
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modify lipids and proteins [31]. The F2-isoprostanes,
formed by the free radical catalyzed peroxidation of
phospholipid-bound arachidonic acid and released into the
circulation, are considered reliable markers of oxidant
stress [32]. Baseline serum levels of lipid hydroperoxides
were also an independent predictor for the development of
major adverse cardiovascular events [33]. Lipid peroxida-
tion is a part of normal metabolism. Increasing lipid per-
oxidation is thought to be a consequence of oxidative stress
[9, 34]. Our results showed an increase in lipid peroxida-
tion through TBARS levels in AMI patients. The same
results were found by Senthil et al. [35] and Chamblee
et al. [36] in patients with cardiogenic shock as a compli-
cation of AMI and AMI patients, respectively. In addition,
Crisby et al. [37] and Nikolic-Heitzler et al. [29] found
increased levels of autoantibodies to oxidized low-density
lipoprotein (oLDL) in the blood of patients with coronary
heart discases and AMI patients treated by percutancous
coronary intervention. The change in levels of anti-oLDL
antibodies could be interpreted as a consequence of oxi-
dative stress and subsequent lipid peroxidation [29]. Lipid
peroxidation has been hypothesized to be a major mecha-
nism of ROS cell damage, which may alter intrinsic
membrane properties due to physicochemical changes of
oxidized lipids, or cause polymerization of membrane
compoenents [38]. Paradies et al. [39] studied reperfusion in
rat heart after a period of ischemia, and found an increase
in mitochondrial membrane lipid peroxidation when com-
pared to controls. Furthermore, the damage from reperfu-
sion was also higher than that from ischemia alone, as a
result of ROS generation.

When comparing the TBARS and carbonyl protein
levels in patients with risk factors we observed an increase
in relation to the healthy group, but the lipid peroxidation
and carbonylation of protein was higher in AMI patients.
These results suggest that the lipid and protein damage
observed in our study is a result of the AMI pathology itself
and not only of the pathologies associated with AMI, such
as hypertension, diabetes mellitus, and cigarette smoking.
In addition, we found that TBARS and protein carbonyl
content are positively correlated with troponin I levels
(r=045 and r = 0.36, P <0.01, respectively) in AMI
patients. These findings reinforce the fact that the increase
in oxidative stress is associated with the infarct size and
degree of cellular damage caused by ROS produced during
the ischemia—reperfusion event.

Free radical-scavenging enzymes such as SOD and CAT
are the first line of cellular defense against oxidative injury,
decomposing O3 and H,O, before interacting to form the
more reactive hydroxyl radical ((OH) [10]. Akila et al. [40]
showed that CAT activity significantly increased after
reperfusion, suggesting that the antioxidant defense system
protects the cell against reactive species. High levels of
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SOD and CAT were found in patients with coronary heart
disease by Weinbrenner et al. [41] and Kesavulu et al. [42],
respectively. We also observed an increase in SOD and
CAT activities in whole blood of AMI patients. A possible
explanation for this is that the rise in SOD and CAT
activity could be a compensatory mechanism to prevent
tissue damage caused by oxidative stress [42]. In dis-
agreement with our results, Senthil et al. [35] and Pandey
et al. [43] observed decreasing SOD and CAT activities in
erythrocytes of cardiogenic shock patients and in human
blood platelets in myocardial infarction. These findings
may be explained by a decrease in antioxidant enzymes
followed by an increase in their activity levels after reac-
tive species generation, such as in myocardial injury fol-
lowed by reperfusion [44]. Another point to be discussed
here is that SOD and CAT are intracellular enzymes that
can also increase due to tissue damage in AMI. In the same
line of thought, Nikolic-Heitzler et al. [29], studying oxi-
dative stress in AMI patients treated by percutaneous cor-
onary intervention, found an in antioxidant
capacity, and this rise was assigned to the release of
intracellular antioxidants caused by tissue damage in AMIL.

Vitamin C is the primary antioxidant in plasma and cells

increase

to be depleted under conditions of oxidative stress [12].
Our results, in accordance with other studies [12, 35, 45].
demonstrated a decrease in vitamin C in AMI patients. This
decrease could be due to the increasing utilization of
vitamin C as an antioxidant defense against ROS.

Vitamin E, an important membrane constituent of car-
diac muscle, is a chain-breaking antioxidant, which halts
lipid peroxidation by trapping the peroxyl radical. It is the
only endogenous lipid soluble antioxidant and is a stabi-
lizer of the lipid bilayer of cell membranes, where it
interacts with phospholipases to reduce membrane rear-
rangements [46]. The low vitamin E levels found in our
study are in accordance with other studies [35, 36, 45] and
could be due either to their increased utilization in scav-
enging the oxyradicals generated or to the decreased vita-
min C concentration, since there is a well-established
interaction between vitamin E and vitamin C, as previously
reported [12].

Recent studies with rats have demonstrated that novel
compound antioxidants such as edaravone can act as a
hydroxyl radical scavenger and may have antioxidant
effects against both the hydroxyl radical and iron-depen-
dent lipid peroxidation in ischemia-reperfusion injury [47].
Other studies have indicated beneficial effects of poly-
phenols, especially flavonoids, on ischemic/reperfused
hearts and oxidative stress [48-51]. Thus, in accordance
with the articles cited above a complementary therapy
using different antioxidants such as polyphenols, novel
bioengineered compounds, as well as cocktails of classical
antioxidants could help to prevent the damage caused by

ROS in AMI, but more investigations into this are
necessary.

A family history of ischemic heart disease, cigarette
smoking, hypertension, and diabetes mellitus has been
associated with greater risk of AMI and an increase in
oxidative stress [3, 52]. We observed an increase in anti-
oxidant enzymatic defenses and a decrease in nonenzy-
matic defenses in the risk group when compared to the
healthy group, but this mobilization of the antioxidant
system was smaller than that which occurred in AML This
finding is probably due to the fact that damage caused by
AMI was higher than the damage caused by hypertension
or smoking.

To exclude a direct effect of drugs commonly used for
the treatment of AMI, we investigated the influence of
acetylsalicylic acid and clopidogrel in oxidative stress and
antioxidants. Acetylsalicylic acid is an antiplatelet drug
that interferes with the metabolism of cyclic prostanoids by
irreversible inhibition of cyclo-oxygenase, which is a key
enzyme in the synthesis pathway of thromboxane A, [3].
Clopidogrel is an antiplatelet compound that has recently
been shown to be effective in the secondary prevention of
cardiovascular complications of atherosclerosis. Clopido-
grel is a thienopyridine, whose active metabolites are
known as platelet ADP-receptor blockers [53]. At a con-
centration even higher than that found therapeutically,
these medicines do not alter oxidative stress or antioxidants
(data not shown). Therefore, these findings support the
argument that the pathological condition in AMI is
responsible for the increased oxidative stress levels and a
mobilization of the antioxidant enzymatic system.

Taken together, these results suggest that an increase of
oxidative stress in AMI patients occurred as a result of an
imbalance between oxidants and antioxidants. In addition,
the oxidative stress observed in AMI patients was not only
due to residual oxidative stress caused by risk factors or
medicines utilized by these patients, but also due to the
pathology itself.
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5. DISCUSSAO

O presente estudo avaliou o envolvimento de enzimas que degradam
nucleotideos de adenina (ectonucleotidases) e ésteres de colina e o estresse
oxidativo em pacientes com CIl. As ectonucleotidases sdo enzimas que
hidrolisam nucleotideos extracelulares para seus respectivos nucleosideos
(ROBSON et al., 2006), contribuindo dessa forma para o equilibrio dos eventos
pro-tromboticos. A AChE e a BuChE s&o responsaveis pela degradagao de
esteres de colina como a ACh. Uma vez que a ACh desempenha importante
papel anti-inflamatério acredita-se que a atividade das enzimas AChE e
BuChE poderia ser um regulador intrinseco da inflamacao (DAS, 2007;
ROSAS-BALLINA & TRACEY, 2009). O estresse oxidativo é um estado de
desequilibrio entre a produgéo e a degradagéo de espécies reativas, levando a
efeitos deletérios em todo o organismo (DHALLA et al., 2000).

Os pacientes com Cl sao classificados em dois grupos: SCA e AE. Em
ambos o0s grupos, as plaquetas sdo os componentes do sangue mais
importantes na regulagcdo da formagdo do trombo por liberarem substancias
ativas como o ADP e o ATP (BAKKER et al., 1994; PINSKY et al., 2002). Uma
vez que esses nucleotideos estdo presentes no meio extracelular, eles podem
contribuir para alteracbes na agregacao plaquetaria (BAKKER et al.,, 1994;
SOSLAU & YOUNGPRAPAKORN, 1997). Os niveis extracelulares de
nucleotideos de adenina s&o regulados pelas ectonucleotidases
(SCHETINGER et al., 2007; YEGUTKIN, 2008).

Os resultados obtidos demonstraram um aumento na hidrélise dos
nucleotideos ATP, ADP e AMP no grupo de pacientes com SCA. No grupo de
pacientes com AE observou-se um aumento significativo apenas na hidrélise
do nucleotideo AMP. Esses achados sugerem um aumento na atividade da
NTPDase e 5-Nucleotidase, uma vez que essas enzimas sao responsaveis
pela hidrélise dos nucleotideos ATP, ADP e AMP (MARCUS et al., 2003). Um
aumento na atividade da NTPDase e 5’-Nucleotidase pode sugerir que o
estado patolégico criado na Cl leva a um aumento na hidrolise dos
nucleotideos ATP, ADP e AMP com o objetivo de aumentar os niveis de

adenosina. A adenosina € uma importante molécula que atua na regulagédo do
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tbnus vascular e da fungdo plaquetaria (PILLA et al, 1996). Esses dados
corroboram os resultados anteriores em pacientes com IAM, onde se observa
um aumento na hidrolise de nucleotideos de adenina como uma resposta
organica compensatoéria ao IAM (BAGATINI et al., 2008).

Um aumento na atividade da enzima E-NPP foi observado, tanto em
pacientes com AE quanto com SCA. No entanto, ocorreu um decréscimo
significativo na atividade da ADA nos dois grupos de pacientes estudados.
Esses resultados reforcam os dados encontrados acima, sugerindo uma
resposta organica compensatéria do organismo frente ao momento de
isquemia que ocorre na Cl. Um aumento na atividade da E-NPP poderia levar a
uma maior disponibilidade de AMP (acao “NTPDase-like”) (YEGUTKIN, 2008),
que através da acdo da enzima 5’-Nucleotidase pode ser transformado em
adenosina (SEVIGNY et al., 2002) . A adenosina é uma importante molécula
cardioprotetora, que é rapidamente degradada até inosina e hipoxantinas pela
acao da ADA (SHANJUKUMAR & SHARMA, 2000). A inibicdo dessa enzima
resultou em maiores niveis de adenosina circulante exercendo seus efeitos
cardioprotetores.

Comparando-se o aumento das atividades das enzimas NTPDase e E-
NPP, observa-se um aumento significativo na atividade da enzima E-NPP tanto
em pacientes com AE como em pacientes com SCA, diferindo dos resultados
encontrados para a enzima NTPDase, onde ocorreu um aumento significado
somente em pacientes com SCA, essa diferenga entre as atividades das duas
enzimas pode estar ocorrendo devido a enzima E-NPP utilizar outros
substratos além dos nucleotideos ATP e ADP.

Em relagdo a agregacgao plaquetaria observou-se um decréscimo na
agregacado dos pacientes com AE e SCA quando foi utilizado o ADP e o
colageno como agonistas, em diferentes concentracées. Esses resultados
sugerem uma resposta positiva ao tratamento com antiagregante plaquetarios
como o acido acetilsalicilico (AAS) e o clopidogrel. O AAS interfere com o
metabolismo das prostaglandinas por inibi¢cao irreversivel das ciclooxigenases,
as quais atuam como enzimas chaves na sintese de tromboxano A; (KASPER
et al., 2006). O clopidogrel € um antiplaquetario da classe dos tienopiridinos
cujo metabdlito ativo atua no bloqueio dos receptores de ADP na membrana
das plaquetas (TENDERA & WOJAKOWSKI, 2003). Entretanto, quando o AAS



104

e o clopidogrel foram testados in vitro sobre a agregacgéo plaquetaria observo-
se uma diminuigdo da agregacao plaquetaria menor do que aquela observada
nos pacientes. Esses resultados sugerem uma possivel acdo da adenosina
circulante em virtude do decréscimo da atividade da ADA.

Além disso, para excluir possiveis efeitos das drogas utilizadas no
tratamento da Cl, como AAS e clopidogrel, sobre a atividade das
ectonucleotidases, foi avaliado in vitro o efeito desses medicamentos nas
concentragbes plasmaticas atingidas (TENDERA & WOJAKOWSKI, 2003;
RICHTER et al., 2004). Os resultados obtidos ndo demonstraram efeito sobre
os parametros testados nesta situacéo, estando de acordo com os resultados
obtidos por HERBET et al. (1994) e LUNKES et al. (2003).

A idéia de que a inflamagao esta presente nas DCV foi expressa por
Virchow antes mesmo de 1856, mas somente a partir de 1994 que a
inflamacg&o de baixo grau tornou-se o foco como preditor de risco para DCV
(KLUFT & DE MAAT, 2002). Atualmente o processo inflamatoério é reconhecido
como um ponto chave na patogénese da aterosclerose e suas complicagoes
(BLAKE & RIDKER, 2002). Estudos recentes demonstraram que a ACh, o
principal neurotransmissor vago, tem importantes acg¢des anti-inflamatorias
(DAS, 2007; RAO et al., 2007; ROSAS-BALLINA & TRACEY, 2009). Esta via
colinérgica anti-inflamatéria mediada pela ACh atua inibindo a produgdo de
fator de necrose tumoral (TNF), interleucina-1 (IL-1) e suprime a expressao do
fator nuclear kappa-B (NF-kB) (BOROVIKOVA et al., 2000). No entanto, a ACh
€ rapidamente hidrolisada por enzimas como a AChE e BuChE (HOSEA et al.,
1995; MESULAM et al., 2002). Assim, um aumento na atividade das enzimas
AChE e BuChE poderia levar a redugao dos niveis de ACh. Isto leva a uma
reducdo nas acbes anti-inflamatorias exercida pela ACh e aumento no
processo inflamatorio (RAO et al., 2007). Os resultados obtidos mostraram um
aumento na atividade da AChE em pacientes com AE e SCA, enquanto a
atividade BuChE foi elevada apenas em pacientes com SCA. Um aumento na
atividade da BuChE e da AChE em soro e em sangue total, respectivamente,
pode refletir indiretamente niveis reduzidos de ACh que, por sua vez, ira
reforgcar eventos inflamatérios locais e sistémicos, devido a auséncia do
controle de retroalimentacdo negativa exercida pela ACh (RAO et al., 2007).

Segundo Rosas Ballina (2009), considerando o efeito anti-inflamatdrio da ACh,
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€ consideravel que a atividade da AChE é um regulador intrinseco da
inflamac&o, uma vez que a AChE é especifica para a hidrolise da ACh. Neste
contexto, as alteragdes nas colinesterases observadas nos pacientes deste
estudo podem reforgar o processo inflamatério ja existente nesta patologia.

Estudos prévios em pacientes com diabetes mellitus (LUNKES et al.,
2006), isquemia cerebral (CORREA et al., 2008), doenca de Alzheimer (RAO et
al., 2007; GARCIA-AYLLON et al., 2010) e sindrome metabolica (RANDELL et
al., 2005) revelaram uma relagdo entre as colinesterases e doencgas
inflamatdrias. Rao et al. (2007) propdem que o aumento da atividade da AChE
e BuChE na doenca de Alzheimer e diabetes mellitus tipo 2 revela um processo
inflamatdrio e pode servir como marcador para prever o desenvolvimento da
doenca. Correa et al. (2008) sugerem que o aumento na atividade da AChE
eritrocitaria na isquemia aguda pode estar associada com a presenga de
mediadores inflamatérios em um evento clinico agudo. Nessa linha de
raciocinio Valle et al. (2008) observaram correlagbes significativas entre as
atividades de colinesterases e variaveis associadas com doencas
cardiovasculares e da sindrome metabdlica.

Outro importante biomarcador de inflamagédo € a PCR. A PCR-us é uma
proteina altamente conservada no plasma e um marcador de inflamagao que
recentemente emergiu como um importante fator de risco cardiovascular
(CALABRO et al., 2009). As concentragdes da PCR-us estio associadas com o
risco de eventos ateroscleréticos na populagdo em geral e mostra um valor
preditivo mesmo em termos de prevencgao secundaria, tanto em pacientes com
AE quanto em pacientes com SCA (DHINGRA et al., 2007; CALABRO et al.,
2009). Neste estudo, observou-se um aumento nos niveis de PCR-us em
pacientes com SCA, sendo que o0 mesmo nao foi observado em pacientes com
AE. Por outro lado, um aumento na atividade da AChE foi encontrada nos dois
grupos estudados. Entao, poderia ser a AChE mais sensivel para a inflamagéao
de baixo grau, em pacientes com CI, que a PCR-us? Com estes resultados,
podemos sugerir que a AChE poderia atuar como bom marcador de baixo grau
de inflamacéao sistémica, uma vez que foi encontrada uma correlacdo positiva
entre PCR-us e AChE, e além disso, a AChE em sangue total é facilmente

obtida e mensuravel.
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Associada aos niveis de PCR a hiperlipidemia é um fator de risco bem
conhecido para o desenvolvimento da aterosclerose. O acumulo de particulas
menores € mais densas de LDL na parede do vaso € considerado um dos
mecanismos fisiopatolégicos responsaveis pelo desenvolvimento da
aterosclerose (BJORNHEDEN et al., 1996). O presente estudo demonstrou um
aumento nos niveis de LDL-colesterol e diminuicdo nos niveis de HDL-
colesterol em pacientes com Cl. Estes resultados confirmam a literatura
(EVERETT et al., 2006; CUI et al., 2007), e mostram uma correlagao positiva
entre o LDL-colesterol e AChE em pacientes com SCA. Uma vez que o LDL-
colesterol esta associado a aterosclerose e ao processo inflamatério, uma
correlagdo positiva entre o LDL-colesterol e a AChE poderia refor¢car os
resultados acima, e demonstrar que a AChE esta associada com a inflamacgao
de baixo grau.

Durante o metabolismo basal das células aerdbicas normais existe uma
producdo constante de EROs acompanhada pela sua continua inativagao,
através de antioxidantes, de forma a manter a integridade estrutural e funcional
das biomoléculas. A extensdao e os tipos de danos causados pelas EROs
depende tanto da quantidade como da natureza das mesmas, bem como das
defesas antioxidantes das células (DAVIES, 1991). O desequilibrio entre os
mecanismos que causam condi¢des oxidativas e das defesas antioxidantes
celulares presentes nos organismos vivos, provoca uma variedade de
mudangas fisioldégicas em proteinas, lipidios e DNA, chamadas coletivamente
de estresse oxidativo (CROFT, 1998; FINKEL & HOLBROOK, 2000;
GIORDANO, 2005).

Estudos tém demonstrado que o momento de reperfusao no IAM apds a
isquemia, pode levar a danos ao coragdo como geragao de estresse oxidativo
(KLONER et al., 1983; GARLICK et al., 1987; ZWEIER et al., 1987; BOLLI et
al.,, 1988; DAS & MAULIK, 2003). Os resultados obtidos neste trabalho
revelaram a geracao de estresse oxidativo em pacientes com IAM demonstrado
através da elevagao dos marcadores de dano aos lipidios e proteinas, bem
como um aumento nas defesas antioxidantes enzimaticas e um decréscimo
das defesas antioxidantes ndo-enzimaticas.

A determinagdo do conteudo de proteina carbonil € um dos mais
utilizados indicadores de oxidagao proteica (CHEVION et al., 2000; DONNE et
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al., 2003). Neste estudo observou-se elevados niveis de proteina carbonil em
pacientes com |AM quando comparados com o grupo controle. Niveis
aumentados de proteina carbonil também foram verificados em nosso grupo de
pesquisa em diferentes patologias como cancer (MALDONADO et al., 2006),
insuficiéncia renal cronica (SILVA et al.,, 2007), acidente vascular cerebral
(CORREA et al., 2008) e leucemia linfoblastica aguda (BATTISTI et al., 2008)
demonstrando que o conteudo de proteina carbonil pode ser utilizado como
marcador de dano oxidativo protéico em muitas patologias, incluindo o IAM.

Danos aos lipidios causados por EROs induzem o fenbmeno conhecido
como peroxidagao lipidica, o qual culmina com a formacdao de MDA
(LAZZARINO et al.,, 1994). Nossos resultados estdo de acordo com outros
estudos (CHAMBLEE, 2000; SENTHIL, 2004) que demonstraram elevados
niveis de TBARS em soro de pacientes com IAM, quando comparados com o
grupo controle. A peroxidagdo lipidica tem sido citada como o maior
mecanismo das EROs em produzir dano as membranas celulares
(ESTERBAUER et al., 1991).

Os antioxidantes com alto potencial redutor, assim como as enzimas
antioxidantes intracelulares s&o parte do mecanismo de prote¢do do organismo
a fim de superar a formagdo de espécies pro-oxidantes durante a
isquemia/reperfusdo (ZIMMERMANN et al., 2004). Enzimas como a SOD e a
CAT se constituem na primeira linha de defesa celular contra a injuria
provocada pelas EROs (DHALLA et al., 2000). AKILA et al. (2007) sugerem
que a atividade da CAT aumentada apés o momento de reperfusdo no |IAM
indica que esse sistema de defesa antioxidante protege a célula contra as
espécies reativas. Altos niveis de SOD e CAT também foram encontrados em
pacientes com DAC por WEINBRENNER et al. (2003) e KESAVULU et al.
(2001), respectivamente. Os resultados obtidos no nosso estudo também
demostraram um aumento na atividade da SOD e CAT em sangue total de
pacientes com IAM. Uma possivel explicagdo para tais resultados, € que o
aumento da atividade dessas enzimas poderia ser um mecanismo
compensatério do organismo frente ao dano celular causado pelo estresse
oxidativo (KESAVULU et al., 2001).

Também colaboram na protecdo do organismo frente aos danos

causados pelas EROs as defesas antioxidantes ndo-enzimaticas. Entre elas
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pode-se citar as vitaminas C e vitamina E, as quais foram alvos de estudo
neste trabalho. As vitaminas C e E tém sido relatadas como importantes
defesas antioxidantes ndo enzimaticas devido as suas propriedades de
neutralizar diretamente as EROs e proteger as membranas da peroxidagao
lipidica, respectivamente (MACHLIN & BENDICH, 1987; ROSS &
MOLDEUS,1991; MAYNE, 2003). Em concordéncia com outros estudos (FREI
et al., 1989; CHAMBLEE et al.,, 2000; SENTHIL et al., 2004; SINGH et al.,
2004) nossos resultados demonstraram uma diminui¢ao nos niveis plasmaticos
de ambas as vitaminas estudadas. Essa diminuigdo pode ser devido a um
aumento da utilizacdo desses antioxidantes. Outra hipotese seria o fato de uma
diminui¢cao nos niveis de vitamina C ser responsavel pela diminuicdo dos niveis
de vitamina E, ja que a vitamina C regenera a- tocoferdis (FREI et al., 1989).

Também foi observado neste estudo, alta prevaléncia dos fatores de
risco para o IAM como tabagismo, hipertensdo, historia familiar e diabetes
mellitus, os quais poderiam estar gerando o estresse oxidativo na populagao
estudada. Entretanto, nossos resultados revelaram que o aumento do estresse
oxidativo em pacientes controles com fatores de risco associados foi menor
que o aumento do estresse oxidativo em pacientes com IAM. Esses resultados
sugerem que o estresse oxidativo observado em pacientes com |IAM pode ser
devido ao estado patoldgico formado.

Dessa forma, conclui-se que a CI resulta tanto em danos oxidativos e
inflamatorios como mobilizagdo das defesas do organismo para uma resposta

compensatoria.
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. CONCLUSOES

O aumento observado nas atividades das enzimas NTPDase, E-NPP e 5'-
nucleotidase em plaquetas de pacientes com Cl e a diminuigdo na atividade
da enzima ADA sugere uma resposta organica compensatoéria, com o
objetivo de manter os niveis de adenosina, tendo em vista o papel

cardioprotetor da mesma.

A diminuicdo na agregagao plaquetaria observada nos pacientes com CI
pode estar ocorrendo devido a acdo da adenosina circulante, além do efeito
dos medicamentos utilizados no tratamento dessa patologia, considerando

o papel antiagregante dos mesmos.

Niveis aumentados de PCR-us e do perfil lipidico revelam a presenga de

processo inflamatério nesses pacientes.

O aumento na atividade das enzimas AChE e BuChE indiretamente reflete
niveis reduzidos de ACh, e possivel relagao da atividade da AChE e da

BuChE como bons marcadores de processo inflamatorio de baixo grau.

Os niveis aumentados de TBARS e conteudo de proteina carbonil sugerem
aumento na formagdo de EROs no IAM, principalmente no momento de

isquemia/reperfusao.

O aumento dos indicadores de defesa antioxidante enzimaticas, estimados
pela atividade da SOD e CAT sustenta a ocorréncia do estresse oxidativo
nos pacientes com diagndéstico de IAM. Esses antioxidantes poderiam atuar
como um mecanismo compensatorio frente ao aumento do estresse

oxidativo.

A diminuicdo das defesas antioxidantes nao-enzimaticas reveladas pelos

niveis de vitaminas C e E representa um maior consumo das mesmas
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durante o IAM, o que demonstra haver producdo aumentada de EROs

nessa patologia.
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MINISTERIO DA SAUDE UNIVERSIDADE FEDERAL DE SANTA MARIA % =,
Conselho Nacional de Satde Pro-Reitoria de P6s-Graduacéo e Pesquisa =

Comisséo Nacional de Etica em Pesquisa Comité de Etica em Pesquisa - CEP- UFSM 5 ¢
(CONEP) REGISTRO CONEP: 243 %
CARTA DE APROVACAO

O Comité de Etica em Pesquisa — UFSM, reconhecido pela Comiss&o Nacional de
Etica em Pesquisa — (CONEP/MS) analisou o protocolo de pesquisa:

Titulo: Enzimas que degradam nucleotideos de adenina em pacientes com cardiopatia
isquémica (Cl)

Nimero do processo: 23081.010245/2008 -53 )

CAAE (Certificado de Apresentacgédo para Apreciacgado Etica): 0132.0.243.000-08
Pesquisador Responsavel: Vera Maria Morsch

Este projeto foi APROVADO em seus aspectos éticos e metodologicos de acordo com
as Diretrizes estabelecidas na Resolucdo 196/96 e complementares do Conselho
Nacional de Saude. Toda e qualquer alteracdo do Projeto, assim como os eventos
adversos graves, deverdo ser comunicados imediatamente a este Comité. O
pesquisador deve apresentar ao CEP:

Janeiro/2009 Relatorio parcial
Janeiro/2010 Relatorio parcial
Janeiro/2011 Relatorio final

Os membros do CEP-UFSM n&o participaram do processo de avaliagdo dos projetos
onde constam como pesquisadores.

DATA DA REUNIAO DE APROVAGAO: 28/08/2008

Santa Maria, 28 de Agosto de 2008.

} - »

Lissandra Dal Lago
Coordenadora do Comité de Etica em Pesquisa — UFSM
Registro CONEP N. 243.

Comité de Etica em Pesguisa - UFSM - Av. Roraima, 1000 — Prédio da Reitoria - 7° andar - Campus Universitario
97105-900 — Santa Maria — RS - - Tel: 0 xx 55 3220 9362 — email: comiteeticapesquisa@mail.ufsm.br

PDF created with pdfFactory trial version www
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Anexo 2- Termo de consentimento Livre e Esclarecido

O Programa de Po6s Graduagdo em Bioquimica Toxicologica da UFSM esta
desenvolvendo um projeto de pesquisa intitulado: Enzimas que degradam
nucleotideos de adenina em pacientes com Cardiopatia Isquémica (Cl), através
da doutoranda Margarete Dulce Bagatini, orientada pela Prof? Dra. Vera Maria Morsch,
que tem como objetivo avaliar a atividade de componentes sangliineos, que se
alteram durante a ClI, a fim de esclarecer os mecanismos envolvidos na Cl. Justifica-se
este estudo tendo em vista que as doengas cardiovasculares continuam sendo a
primeira causa de morte no Brasil, sendo responsaveis por quase 32% de todos os
obitos no pais, representando a terceira maior causa de internagao. Os beneficios do
estudo para os participantes € a possibilidade de verificar fatores predisponentes e
envolvidos na Cl sendo esses informados e esclarecidos de atitudes preventivas que

poderao tomar.

Os voluntarios participantes da pesquisa permitiram uma coleta de
sangue (pungédo venosa); um tubo com anticoagulante e um tubo de soro. Todo
o material utilizado para a coleta sera descartavel e/ou desinfectado. Este
estudo ndo envolve risco adicional de vida ou contaminagao aos pacientes. Em
caso de acidente de coleta, os pacientes poderdo desenvolver flebite,
hematoma local ou petéquias, neste caso serdao atendidos e receberdo os
cuidados adequados. As amostras serao tratadas de acordo com os protocolos
experimentais estabelecidos.

Fica garantido que as amostras coletadas ficarao sob responsabilidade
do pesquisador durante o periodo do doutorado (3 anos) no laboratério de
Enzimologia, sala 2208, prédio 18, Centro de Ciéncias Naturais e Exatas, da
Universidade Federal de Santa Maria e que as mesmas serdao utilizadas
apenas para fins cientificos, sem que o paciente seja identificado, garantindo
assim o anonimato. Apods serdo descartadas de acordo com as normas de

seguranga do Hospital Universitario de Santa Maria.

A participagao neste estudo é livre e voluntaria, sendo que ndo havera
nenhuma forma de compensacao financeira ou custos para o participante. A
recusa na participagdo nao leva a nenhum prejuizo ou comprometimento dos

cuidados de saude aos pacientes.
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Pelo presente Termo de Consentimento Livre e Esclarecido, declaro que
estou de acordo em participar deste projeto de pesquisa, livre de qualquer
constrangimento, pois fui informado de forma clara e detalhada dos objetivos e
dos procedimentos que serao realizados. Fui igualmente informado da garantia
de receber respostas a qualquer duvida que ainda puder ter sobre assuntos
relacionados com a pesquisa, e da liberdade de retirar meu consentimento a

qualquer momento, sem que haja prejuizo de qualquer ordem.

Ciente e de acordo com o que foi anteriormente exposto, eu -

estou de acordo em participar nesta pesquisa,

assinando este consentimento.

Santa Maria, de 200

Assinatura

Margarete Dulce Bagatini/ Pesquisadora/ (55)91422611
Vera Maria Morsch/ Orientadora/ (55)32209557

Comité de Etica em Pesquisa da Universidade Federal de Santa Maria

Avenida Roraima, 1000 - Prédio da Reitoria - 7° andar - Sala 702
Cidade Universitaria - Bairro Camobi
97105-900 - Santa Maria — RS



