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RESUMO

EFEITOS DE DIFERENTES INTENSIDADES DE EXERCICIO RESISTIDO EM
BIOMARCADORES DE ESTRESSE OXIDATIVO E NA ATIVIDADE DAS
ECTONUCLEOTIDASES EM PLAQUESTAS DE RATOS HIPERTENSOS

AUTOR: Fabio Fernandes Mello
ORIENTADORA: Maria Rosa Chitolina Schetinger
CO-ORIENTADOR: Jessié Martins Gutierres

A hipertensdo arterial sistémica estd associada a eventos cardiovasculares
importantes como o infarto agudo do miocéardio e acidente vascular encefalico. O
objetivo deste estudo foi investigar os efeitos de 4 semanas de exercicios resistidos
de alta e baixa intensidade sobre biomarcadores de estresse oxidativo e a atividade
enzimatica de ectonucleotidases em ratos hipertensos. Ratos machos Wistar foram
divididos em seis grupos (n=10): grupo controle, grupo exercicio alta intensidade
(HIE), grupo exercicio baixa intensidade (LIE), grupo controle L-NAME, grupo
exercicio alta intensidade L-NAME (HIE+L-NAME) e, grupo exercicio baixa
intensidade L-NAME (LIE+L-NAME). Os resultados demonstraram uma redugao
significativa dos niveis de nitrito e nitrato oxidado (NOx) no grupo L-NAME em
comparacao ao grupo controle. Houve um aumento significativo do NOx nos grupos
exercicio L-NAME quando comparados ao grupo L-NAME (p<0.05). Foi verificado
um aumento significativo LIE+L-NAME em relacédo ao HIE+L-NAME (p<0.05). Houve
uma reducdo significativa do conteado da proteina carbonil no LIE+L-NAME e
HIE+L-NAME em relacdo ao grupo L-NAME (P<0.05). Um aumento significativo nos
niveis de malondialdeido (MDA) foi observado no grupo L-NAME em compara¢ao ao
grupo controle (p<0.05). Em ambos os grupos exercicio LIE+L-NAME e HIE + L-
NAME foram observadas reducbes significativas no MDA quando comparados ao
seu grupo controle e grupo L-NAME. Reducfes significativas nos niveis de
glutationa peroxidase nos grupos L-NAME e exercicios L-NAME em comparacéo
aos seus grupos controles foram observadas. Houve um aumento na hidrélise do
ATP no LIE quando comparado ao grupo controle. Foram verificados aumentos
significativos na hidrélise do ADP e AMP no grupo L-NAME em relagdo ao grupo
controle e, reducbes significativas nos grupos exercicios L-NAME quando
comparados ao grupo L-NAME. Foram observados aumentos significativos da
atividade da adenosina desaminase (ADA) nos grupos HIE e LIE. Houve uma
reducdo significativa da atividade ADA no grupo L-NAME em relacdo ao grupo
controle. Houve um aumento significativo da ADA no LIE+L-NAME quando
comparado ao grupo controle. Os resultados sugerem que o exercicio de baixa
intensidade pode reduzir o estresse oxidativo e reestabelecer a atividade das
ectonucleotidases, podendo reduzir os efeitos deletérios da HAS sobre o sistema
cardiovascular.

Palavras-chave: Hipertenséo. Estresse oxidativo. Ectoenzimas. Exercicio fisico.



ABSTRACT

EFFECTS OF DIFFERENT INTENSITIES OF RESISTANCE EXERCISE IN
OXIDATIVE STRESS BIOMARKERS AND ECTONUCLEOTIDASES ACTIVITIES
IN PLATELET HYPERTENSIVE RATS

AUTHOR: FABIO FERNANDES MELLO
ADVISER: MARIA ROSA CHITOLINA SCHETINGER
CO-ADVISER: JESSIE MARTINS GUTIERRES

The objective of this study was to compare and analyze the effects of two 4-week
resistance exercise protocols on oxidative stress (OS) biomarkers and
ectonucleotidases activities in hypertensive rats. Male Wistar rats were divided into
six groups (n = 10): control group, high-intensity exercise group (HIE), low intensity
exercise group (LEL), the control group L-NAME, high-intensity exercise group L-
NAME (HIE + L -name) and low intensity exercise group L-NAME (LIE + L-NAME).
The results showed a significant reduction nitrite and nitrate oxidized content (NOx)
in the L-NAME control group compared to the control group. There was a significant
increase in NOx in the L-NAME exercise groups compared to their control group. A
significant increase LIE + L-NAME in relation to HIE + L-NAME was verified. There
was a significant reduction in protein carbonyl content in HIE and HIE + L-NAME
group when compared to their control group. A significant increase in the levels of
malondialdehyde (MDA) was observed in the L-NAME control group compared to the
control group. In both L-NAME groups exercise significant reductions were observed
in the MDA when compared to their control group. Significant reductions in L-NAME
control group and L-NAME exercise groups were observed in the MDA compared
with the control group. There was an increase in ATP hydrolysis in LIE when
compared to the control group. Significant increases were observed in the hydrolysis
of ADP and AMP in the L-NAME control group compared to the control group, and
significant reductions in ADP and AMP in the L-NAME exercise groups compared to
their control group. Significant increases in activity of adenosine deaminase (ADA) in
HIE and LIE in the control group were observed. A significant reduction in ADA was
observed in L-NAME control group compared to the control group. There was a
significant increase in ADA in LIE + L-NAME compared to their respective controls.
The results suggest that low intensity exercise may reduce the EO and regulate the
activity of ectonucleotidases, reducing the deleterious effects of hypertension on the
cardiovascular system, preventing cardiovascular complications of this disease.

Keywords: Hypertension. Oxidative stress. Ectoenzymes. Physical exercise.
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1 INTRODUCAO

A hipertensao arterial sistémica (HAS) € uma doenca cronica e de etiologia
multifatorial (KEARNEY et al., 2005). A progressao dessa doenca esti associada a
eventos cardiovasculares importantes como o infarto agudo do miocardio (IAM) e, o
acidente vascular encefalico (AVE) (METHA, 2001). O numero de hipertensos
aumentou de 600 milhdes em 1980 para mais de 1 bilhdo de pessoas em 2008,
como é observado na Figura 1 (WORLD HEALTH ORGANIZATION, 2013). No Brasil
cerca de 30% da populacdo adulta é hipertensa, com a prevaléncia acima de 50%
em idosos com mais de 60 anos (SOCIEDADE BRASILEIRA DE HIPERTENSAO,
2010). Consequentemente estima-se que até 2025 cerca de 1,25 bilhdes de pessoas
sejam afetadas mundialmente por essa doenca (KEARNEY et al., 2005).

A HAS é caracterizada por um quadro clinico de elevacao crénica da pressao
arterial (PA) (SOCIEDADE BRASILEIRA DE HIPERTENSAO, 2010). A associagio
entre 0 aumento da PA e as doencas cardiovasculares (DCVs) pode ser observada
a partir de niveis acima de 130X85mmHg, estagio caracterizado como pré-
hipertensdo, como descrito na tabela 1. Nesse sentido, a HAS é classificada em trés
estagios. O diagnéstico clinico da HAS é obtido primeiramente através da consulta
médica, usando o equipamento adequado (HACKAM et al.,, 2010; QUINN et al.,
2010). Apo6s essa avaliacdo inicial, € sugerido que o paciente com suspeita de
possuir a HAS seja reavaliado durante a cada dois meses ou, a cada um ano no
consultério médico (SOCIEDADE BRASILEIRA DE HIPERTENSAO, 2010).

Tabela 1 — Classificacdo de normotenséo, de pré-hipertensédo e, de estagios da HAS

PA (mmHg) Normal Pré-Hipertenséo Estégio 1 Estégio 2 Estagio 3
Sistélica <130 130-139 140-159 160-179 2180
Diastoélica <85 85-89 90-99 100-109 2110

Fonte: Adaptada da Sociedade Brasileira de Hipertenséo, 2010.

Nesse sentido, durante a reavaliagcdo outros parametros sao importantes para
a confirmacéo do diagnadstico clinico da HAS como a verificacdo da PA, sobrepeso e
obesidade, historico familiar sobre doencas cardiovasculares e, avaliagdo de
parametros bioquimicos. Essas variaveis visam excluir todos 0s possiveis erros de
diagnédstico dessa doencga (SOCIEDADE BRASILEIRA DE HIPERTENSAO, 2010;
HACKAM et al., 2010; QUINN et. al., 2010).
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Figura 1 — Prevaléncia de HAS (%) no mundo em individuos acima de 18 anos entre
0s anos de 2010 e 2014

Prevalence (2% )

fJ
-
-
|
fJ
b
0

III
-
|
0
0

A
.
=
|
]
b
]

Fonte: World Health Organization (2015).

A PA é um mecanismo fisiolégico importante para o sistema cardiovascular,
pois regula a distribuicdo de sangue em nivel central e periférico (GUYTON; HALL,
2011). Essa variavel é dependente de estimulos fisiol6gicos ou ambientais tais como
a acdo do sistema nervoso central (SNC), através da atividade simpatica e
parassimpatica, liberacdo de hormdnios no sistema cardiovascular como a
adrenalina, noradrenalina, aldosterona, entre outras substancias e, através de
disfuncbes metabdlicas (resisténcia a insulina, hiperinsulinemia e dislipidemias) e,
estresse fisico e emocional (MELENOVSKY et al., 2005).

Em relacdo aos fatores de risco modificaveis, que possuem relacdo direta nas
complicagbes da HAS, eles estdo associados ao tabagismo, consumo excessivo de
alcool, ingestéo excessiva de sodio, sedentarismo, sobrepeso, obesidade, estresse
e sedentarismo (CORNELISSEN et al., 2011). Por outro lado, existem fatores de

risco ndo modificAveis como o género, a idade, o historico familiar e, a
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pré-hipertensdo gestacional. Somado a isso, fatores socio-econémicos evidenciam
que paises desenvolvidos reduziram a prevaléncia da HAS na sua populagao,
engquanto que os paises subdesenvolvidos aumentaram a incidéncia dessa doenca
nesse mesmo periodo (ROTH et al., 2015).

IntervencBes ndo medicamentosas como a redugdo na ingestdo de sédio e
alcool, no peso, o abandono do tabagismo e a pratica de exercicios fisicos também
sdo recomendadas (SOCIEDADE BRASILEIRA DE HIPERTENSAO, 2010;
CORNELISSEN, 2013). Essas estratégias sao preconizadas por diversas
sociedades médicas especializadas, visando beneficios crénicos sobre o sistema
cardiovascular, e que promovem a manutencdo de valores ideais para a PA
(CHOBANIAN et al., 2003; SOCIEDADE BRASILEIRA DE HIPERTENSAO, 2010).

O tratamento da HAS consiste na combinacdo de acfes medicamentosas
como o uso de uma ampla classe de farmacos destinados especificamente para o
quadro clinico do paciente. Existem alguns farmacos comumente usados no
tratamento da HAS classificados em diuréticos, a-betabloqueadores, -
bloqueadores, vasodilatadores diretos, bloqueadores do canal de calcio, inibidores
da enzima conversora da angiotensina (ECA), bloqueadores do receptor AT; da
angiotensina Il (Ang Il) e, inibidor direto da renina (SOCIEDADE BRASILEIRA DE
HIPERTENSAO, 2010). Nesse sentido alguns desses medicamentos induzem a
maior producdo do Oxido nitrico (NO), reduzindo os efeitos vasoconstritores
decorrentes da HAS (SU, 2015; ZHAO et al., 2015).

A HAS possui em seus mecanismos fisiopatologicos, alteragbes na funcao
endotelial que resultam numa menor producao e/ou biodisponibilidade de NO e, que
esta diretamente relacionada com o estresse oxidativo e com a evolu¢do das DCVs
(HUSAIN et al., 2015). Nesse sentido, a figura 2 demonstra a importancia endotélio
vascular para a homeostase cardiovascular, pois € ele que controla a contratilidade
e a distensibilidade de artérias, veias e capilares, além de sintetizar e liberar
substancias vasoativas que modulam o ténus, calibre vascular e fluxo sanguineo
(ZHAO et al.,, 2015). Geralmente é nesse tecido vascular que se iniciam os
processos inflamatorios (SU, 2015). As lesbGes aterosclergticas estdo intimamente
ligadas ao IAM, AVE, tromboembolismos periférico. As plaguetas possuem
importante fungdo na homeostase e coagulacdo do sangue em sitios de leséo
vascular, e também em varias formas na imunidade inata e inflamacdo. As plaquetas

sdo uma das primeiras células a se acumular em um local lesionado, induzindo uma
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cascata inflamatéria que atrai leucdcitos, células alvo ativadas, estimulando o
crescimento e reparacdo sanguinea (VUADEN et al.,, 2009). Estes eventos
cardiovasculares sdo a principal causa da morte subita em homens entre 50 e 60
anos e, mulheres entre 60 e 70 anos (MEHTA et al., 2001).

Entre os mecanismos de desenvolvimento da HAS, a disfungcéo endotelial
exerce um papel importante, principalmente relacionado a um desequilibrio redox-
nitrosativo (HUSAIN et al.,, 2015). Esta € uma sindrome caracterizada pela
diminuicdo da vasodilatacdo endotélio-dependente, caracterizada pela diminuicdo
dos niveis de NO (SU, 2015). Somado a isso, outras caracteristicas da funcéo
endotelial sdo acometidas como a coagulacéo e, resposta inflamatéria em doencas
como a HAS, diabetes, aterosclerose e insuficiéncia cardiaca (KOJDA et al., 1999;
SU, 2015). Nesse sentido, 0 estresse oxidativo tem um importante papel na
disfuncdo endotelial, pois o anion superédxido (O.+-) derivado da NADPH oxidase e,
da xantina oxidase (XO) reduz a os niveis de NO formando peroxinitrito (ONOQO)
(LANDMESSER et al., 2002).

A descoberta da existéncia do NO enddgeno foi fruto da realizacdo de
inUmeros estudos fisioldgicos sobre a funcdo normal da musculatura vascular lisa
(IGNARRO, 1989). Esses estudos tiveram inicio com Furchgott e Zawadski em 1980,
quando avaliavam os efeitos de drogas vasoativas sobre os vasos sanguineos. Eles
observavam que a mesma droga que algumas vezes produzia uma dilatacdo do
vaso, outras vezes nado apresentava o mesmo efeito. Eles sugeriram que essa
variacdo pudesse ser dependente da integridade das células que circundavam o
vaso sanguineo. Em 1980, eles demonstraram, experimentalmente, que a
acetilcolina dilata os vasos sanguineos, somente se o0 endotélio estiver intacto
(FURCHGOTT & ZAWADSKI, 1980). Assim, concluiram que 0s vasos sanguineos
se dilatam porque as células endoteliais produzem uma substancia sinalizadora que
faz a musculatura vascular lisa relaxar.

Nesse contexto, essa substancia foi denominada entdo de fator relaxador
derivado do endotélio (EDRF). Hoje sabe-se que o endotélio regula o tbnus vascular
através da producéo de diversos mediadores, como prostaglandinas e endotelina, os
quais agem na musculatura vascular lisa, além do EDRF (SU, 2015). Essas
substancias atuam como sinalizadores intracelulares entre o endotélio e a
musculatura vascular lisa modulando a vasoconstricdo ou a vasodilatacdo (SU,
2015).
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Além de responder a estimulos farmacolégicos, o NO mostrou-se ser
produzido constantemente respondendo a varios estimulos fisiolégicos, incluindo
variacfes no fluxo pulsatil e hipoxia (CARDOSO et al., 2013; MARSH et al., 2015).
Diminuicbes da producdo basal de NO podem causar aumento na resisténcia
vascular periférica sistémica e alguns investigadores tém sugerido que a hipertenséo
arterial essencial possa ser decorrente de uma diminuicdo da liberacdo ou do efeito
do NO sobre sistema vascular (SU, 2015; ZHAO et al.,, 2015). Em casos de
infeccdes, células imunoldgicas como os macrofagos, por exemplo, que liberam uma
guantidade enorme de NO, o qual € extremamente tdxico para bactérias e parasitas

invasores.

Figura 2 — Efeitos fisioldgicos do NO no sistema vascular
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Fonte: Adaptado de Herrmann; Lerman (2010).
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A HAS também afeta diversos érgdos-alvo como rins, cérebro e coracao
(STECKELINGS et al.,, 2011). Nesse sentido, o sistema renina angiotensina
aldosterona (SRAA) exerce um papel importante na homeostase cardiovascular
(AHMADIAM et al., 2015). O SRAA é importante na regulacdo da PA, pois promove
0 aumento da volemia através da retencdo renal de sodio e H,O, aumentando a PA
em decorréncia da perda da perfusao renal (AHMADIAM et al., 2015). Sendo assim,
a renina € uma enzima produzida no rim que metaboliza angiotensinogénio em
angiotensina | (Ang 1), que é convertida em Ang Il pela ECA (WANG et al., 2013).

Ang I, o principal peptideo efetor do SRAA, atua através de seus receptores,
principalmente receptor AT1 (AT1l) e o receptor AT2 (AT2) (BADER, 2010).
Entretanto, a maioria dos efeitos cardiovasculares da Ang Il estdo relacionados a
acao do AT 1, que induz a vasoconstricdo, hipertrofia celular vascular, hiperplasia e
retencdo de sodio (BADER, 2010). A estimulacdo de receptores AT1 pode resultar
na formacao das espécies reativas de oxigénio (EROS), com efeitos inflamatérios e
trombaéticos (WELCH, 2008; SCHMIEDER et al., 2007).

Estudos anteriores demonstraram que a Ang Il produzido pelos tecidos
vasculares aumenta a geracdo de EROS, através da estimulacdo da sintese de
varios fatores via inducdo da ANG II, via receptor de angiotensina 1 (AT1), levando a
producdo de mediadores inflamatérios de proliferacdo/migracdo de células
vasculares, resultando na vasoconstricdo vascular (WANG et al., 2013; SKORSKA
etal.,, 2015). Estas EROS podem oxidar biomoléculas celulares como lipidios,
proteinas e acidos nucléicos, que causam oxidacdo de fosfolipidios de membrana
resultantes nas lesdes em células cardiacas e endoteliais (WANG et al., 2012). Além
disso, Ang Il estimula a producdo de espécies reativas de nitrogénio (ERNS),
resultando na diminuicdo dos niveis de NO causando disturbios na PA (AKAZAWA
et al., 2013).

O estresse oxidativo € um fenbmeno biologico caracterizado pelo aumento da
producdo das EROS e espécies reativas de nitrogénio (ERNS) (MARCHESI et al.,
2008). As EROS e os radicais livres (oxidantes) sdo mediadores de varias formas de
danos nos tecidos e, estdo presentes nas lesdes isquémicas e respostas
inflamatorias (PARAVICINI et al., 2008; MARCHESI et al., 2008). Nesse sentido, 0
estresse oxidativo induz a respostas celulares caracteristicas da HAS, tais como
hipertrofia celular, expressédo de genes e morte celular, alteracdes no turnover

protéico e na matriz extracelular (DOUGLAS et al., 2011). Tais modificagdes podem
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estar relacionadas a remodelacdo ventricular que produz tenséo e inflamacdo na
parede vascular, com liberacdo de hormbnios como catecolaminas e angiotensina
(DOUGLAS et al., 2011).

O NO é potencialmente téxico e a sua toxicidade esta relacionada ao estresse
oxidativo, onde ha um aumento na producdo de EROS, sem o aumento equivalente
da resposta antioxidante. Nitritos e nitratos sdo considerados metabolitos da
producdo de NO e, sdo moléculas endocrinas que sao transportadas no sangue,
acumulam-se nos tecidos e tém potencial para serem reconvertidas a NO sob
condicoes fisioldgicas e patoldgicas (JENSEN, 2009; KIM-SHAPIRO et al., 2006).

Diante do aumento do EO ha um aumento das defesas antioxidantes na
tentativa de recuperar o balanco oxidativo celular e compensar o excesso de radicais
livres lancados na circulacdo sanguinea (TSUTSUI et al., 2011). Sendo assim, para
avaliar o dano oxidativo em determinadas biomoléculas existem algumas anélises
como a producdo de EROS, a determinacdo do produto final da peroxidagéo
lipidica, oxidacdo de proteinas e DNA (CARDOSO et al., 2012). Por outro lado, a
determinacdo do EO pode ser avaliada através de alteracbes no sistema
antioxidante como realizado através das analises de niveis de tiois totais (NPSH), de
vitamina C (VIT C), de vitamina E (VIT E) e, atividade das enzimas catalase (CAT) e,
superoxido dismutase (SOD) (CARDOSO et al., 2012).

O malondialdeido (MDA) é um biomarcador importante na avaliacdo do
estresse oxidativo e, pode ser produzido em valores reduzidos como resultado de
um metabolismo normal ou, em altos niveis em doencas e ou distarbios metabdlicos
(DALLE-DONNE et al., 2006; SCHMATZ et al., 2013). Além disso, outras moléculas
biolégicas podem sofrer o EO nas células, como as proteinas, pois suas cadeias
laterais podem ser carboniladas por compostos reativos (DALLE-DONNE et al.,
2006). Sendo assim, o EO induz a peroxidacao de lipidios das membranas e a perda
da integridade da membrana, o que resulta em necrose e morte celular. Este dano
na proteina total pode contribuir para o desenvolvimento de lesdes no endotélio
vascular e no miocardio (DALLE-DONNE et al., 2006; HARRISON et al., 2007).

Nesse sentido, o sistema antioxidante funciona através da atividade da SOD
gue catalisa a dismutacao do O, em H,0,. Consequentemente, o H,O, é reduzido a
H,O e O, por peroxidases tais como a glutationa peroxidase (GSPx) e a CAT
(HALLIWELL et al.,, 1999; DALLE-DONNE et al., 2006). Desta forma, baixas

concentragbes de ON somado ao aumento do estresse oxidativo, induz a reducao
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do mecanismo de vasodilatacdo vascular, podendo aumentar a PA, através do
aumento da resisténcia vascular periférica, evidenciando assim a relagdo entre o
estresse oxidativo e a HAS (BHATT et al., 2014; SCHULZ et al., 2008).

Somado ao sistema antioxidante, as plaguetas possuem importante funcéo na
homeostase vascular, regulando processos tromboembdlicos através da liberacéo
de substancias vasoativas, como o0s nucleotideos de adenina (ADP e ATP)
(MARCUS et al., 2003). As plaguetas sé@o corpusculos anucleados no sangue que
atuam na adesao, agregacao e a secrecdo de substancias contidas nos granulos
citoplasmaticos. Em condi¢des fisiologicas elas encontram-se inativas (EVERTS
et al., 2006; GACHET, 2006). Entretanto, quando ocorre uma lesao vascular, as
plaguetas sdo ativadas e, reduzem o processo hemorragico. Sendo assim, as
plaguetas ativadas, modificam seu formato discéide para irregular e, induzindo a
agregacao plaguetéria e, consequentemente liberam granulos, para reparar o tecido
vascular lesionado (EVERTS et al., 2006; GACHET, 2006).

O sistema purinérgico possui uma importante funcéo vascular, que pode estar
comprometida em doencas cardiovaculares como a HAS (BURNOSTOCK et al.,
2004; CARDOSO et al.,, 2012). Essa sinalizagdo envolve os seus 3 principais
constituintes: os nucleotideos de adenina e o seu nucleosideo correspondente, bem
como o0s receptores onde eles exercem suas fungbes e, as ectoenzimas
responsaveis pela hidrélise, controlam os niveis extracelulares destas moléculas
(ATKINSON et al., 2006).0s nucleosideos sdo moléculas o resultado da unido de
uma base purica ou pirimidica a uma pentose. Sendo assim, a guanosina, a timina, a
inosina e adenosina, sdo exemplos de nucleosideos. Os nucleotideos, por sua vez,
sdo formados através da fosforilacdo realizadas por quinases especificas. Os
principais nucleotideos envolvidos nos processos bioldgicos sdo o ATP, ADP e AMP
(ATKINSON et al., 2006). Os nucleotideos extracelulares de adenina (ATP e ADP) e
0 seu nucleosideo correspondente (adenosina) modulam o sistema vascular
principalmente através da agregacdo plaquetaria, tbnus vascular e, funcdes
cardiovasculares(YEGUTIN, 2008; CARDOSO et al., 2013).

A concentracdo extracelular dessas moléculas varia conforme a sua
quantidade liberada, dispositivos de captacdo, situacdes de lise celular e hidrolise
pelas ectoenzimas (RATHBONE et al., 1999). Sendo assim, o ATP é considerado
um inibidor dos efeitos induzidos pelo ADP. Consequentemente, o ADP pode induzir

a agregacao plaquetaria e, enquanto que o ATP estimula a agregacédo plaquetaria
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em baixas concentracdes, e inibe essa condi¢cdo vascular em altas concentracbes
(CARDOSO et al., 2012).

A adenosina, produto da hidrolise do AMP, é importante para a homeostase
cardiovascular, pois além de inibir a formacdo de trombos sobre a ativacao
descontrolada das plaguetas, exerce funcao vasodilatadora importante no sistema
cardiovascular (DUNWIDDIE & MASINO; ZIMMERMANN et al., 2001). A adenosina
possui uma funcéo cardioprotetora, através da inibicdo da agregacao plaguetaria na
HAS e na aterosclerose, induzindo a vasodilatacdo e reducédo da PA (SATO et al.,
2005; LAYLAND et al.,, 2014). Essa molécula sinalizadora extracelular possui
propriedades antitromboticas e antiinflamatorias na maioria dos leitos vasculares e,
consequentemente, tem acao hipotensora com reducéo da frequéncia cardiaca. Tais
propriedades sdo algumas das razdes pelas quais a adenosina tem efeitos benéficos
na maior parte dos tecidos biologicos (LAYLAND et al., 2014).

A regulacdo dos niveis extracelulares desses nucleotideos é realizada por
importantes enzimas do sistema purinérgico, denominadas ectonucleotidases. A
ecto-NTPDase (NTPDase) hidrolisa o ATP e ADP para AMP, exercendo importante
funcdo na regulacdo do fluxo sanguineo através da regulacdo do catabolismo do
ADP (MARCUS, 2003). Apds, a enzima 5’-nucleotidase hidrolisa o AMP formando a
adenosina, que € desaminada através da ac¢do da enzima adenosina desaminase
(ADA), gerando inosina (ZIMMERMANN et al., 2007; YEGUTKIN, 2008). Essa etapa
inicial da sinalizac@o purinérgica é importante, pois a adenosina, produto final dessa
hidrolise, atua no aumento da circulacdo sanguinea e, inibe possiveis processos
tromboembdlicos decorrentes da agregacdo plaquetaria (CARDOSO et al., 2013;
SCHMATZ et al.,, 2013). Dessa forma, essas ectoenzimas sao importantes na
sinalizacdo do sistema vascular através da regulacdo dos niveis das substancias
vasoativas como ATP e ADP (YEGUTKIN, 2008). Uma representacdo destas

enzimas e substratos formados podem ser visualizadas na Figura 3.
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Figura 3 — Enzimas envolvidas na degradacédo dos nucleotideos e nucleosideos de
adenina
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2. E-NTPDase ATP - ADP + P;; ADP - AMP + P;
3. Ecto-5'-nucleotidase AMP - adenosine + P;
4. Adenosine deaminase Adenosine -~ Inosine

Fonte: Adaptado de Yegutin (2008).

InvestigacBes recentes tém destacado a importancia do exercicio fisico na
HAS (CORNELISSEN et al., 2011; CARDOSO et al.,, 2013). Nesse contexto, os
beneficios do exercicio fisico (EF) parecem estar relacionados ao aumento da
funcao diastdlica cardiaca, da funcéo endotelial, da capacidade oxidativa do musculo
esquelético, do tbnus vagal cardiaco, da fracdo de ejecdo, do débito cardiaco, de
enzimas do sistema antioxidante. Em contrapartida ha uma diminuicdo das citocinas
inflamatorias, entre outras alteraces metabdlicas e cardiovasculares em individuos
com HAS (CARDOSO et al., 2013). Entretanto, essas modificacfes séo atreladas
principalmente ao treinamento aerdbico. Nesse sentido, este tipo de treinamento
pode promover a liberacdo de substancias vasoativas na circulacdo sistémica,
favorecendo a perfusdo tecidual, diminuicdo da resisténcia vascular periférica
(SUDANO et al., 2011). Essa modalidade de treinamento também € indicada na
reabilitacdo cardiaca, objetivando a estabilizacdo da placa aterosclerética,
modulacao do perfil lipidico e da pressao arterial (ACCF/AHA/ACP, 2009).

Os efeitos do exercicio fisico sobre a modulagédo do EO tém sido reportados
em alguns estudos (CARDOSO et al.,, 2012; YUNG et al., 2009), principalmente
associadas a mudancas nos niveis de colesterol, no sistema antioxidante, na PA, na
adipogenése e inflamacao. InUmeros fatores tém sido implicados, em que exercicio
fisico induz acgbes cardiovasculares protetoras, incluindo diminuicdo da atividade

simpética, reducéo dos niveis de ANG Il niveis, 0 aumento da produgédo de NO, o
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aumento da capacidade antioxidante, a modulacdo dos canais de K*, e expressdo
de fatores de cardioprotetores, como a apelina (YUNG et al.,, 2009). Além disso,
estudos evidenciam que o exercicio fisico € uma intervencdo ndo medicamentosa
que pode reduzir o EO, que estd associado com a inflamacdo e com a HAS
(SCHIFFRIN et al., 2004).

O exercicio fisico previne o surgimento da aterosclerose, porém pode também
induzir o estresse oxidativo, como um resultado da ineficiéncia da cadeia respiratoria
mitocondrial e, consequentemente aumentando a tensédo de cisalhamento de fluido
no endotélio (YUNG et al., 2009). Entretanto, estudos mostraram que a exposi¢ao
crbnica ao estresse oxidativo, decorrentes do exercicio fisico de leve e moderada
intensidade, pode estimular os processos de adaptacdo para reduzir o EO,
diminuindo a producédo do O", aumentando a atividade das enzimas antioxidantes e
a producdo de NO, melhorando as respostas vasodilatadoras decorrentes do
exercicio (YUNG et al., 2009).

Diante disso, tem sido reportado que a sinalizacdo mediada pelas EROS pode
induzir a um aumento da atividade antioxidante e, a reparacao de danos enzimaticos
(RADAK et al., 2005). Em consequéncia, estes processos adaptativos podem
resultar em niveis basais mais baixos de EROS e uma reducdo em dano oxidativo
durante o exercicio (RADAK et al., 2005). De acordo com a hipétese a formacao das
EROS podem estar envolvidos na adaptacédo ao exercicio, pois foi observado que a
suplementacdo antioxidante reduz a biogénese mitocondrial em ratos treinados
(GOMEZ-CABRERA et al., 2008), impedindo a adaptacéo induzida por exercicio no
musculo esquelético de ratos (GOMEZ-CABRERA et al., 2005).

O treinamento resistido (TR), conhecido como musculagdo, é amplamente
praticado em academias no Brasil e no mundo, caracterizado pela execucdo de
alguns exercicios contra determinada resisténcia, durante um curto periodo de
tempo, praticado principalmente em intensidade moderada ou alta, sem a utilizagao
de oxigénio como principal substrato energético (GOMES et al., 2012).
Consequentemente, o TR aumenta a forca muscular, resisténcia muscular, a
capacidade funcional, reduzindo possiveis morbimortalidades nas pessoas sem ou
com DCVs (WILLIAMS et al., 2007). Estes beneficios estédo relacionados a melhor
perfusdo sanguinea periférica, que € caracterizado como um mecanismo
compensatorio do sistema cardiovascular frente ao aumento do débito cardiaco (DC)

mediante ao trabalho muscular durante o exercicio fisico (WILSON et al., 1998).
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Neste contexto, nos Ultimos anos algumas sociedades médicas nacionais e
internacionais, introduziram o TR como intervencdo nd&o medicamentosa, em
conjunto com o treinamento aerébocp, no tratamento da HAS. Alguns estudos vém
demonstrando reducfes na PA em individuos hipertensos através do TR (QUEIROZ
et al.,, 2015; QUEIROZ et al., 2013). Sendo assim efeito observado é hipotensao
pés-exercicio (HPE), caracterizado pela diminuicdo dos niveis pressoéricos apds uma
e, algumas sessbes de TR. Contudo, existem algumas divergéncias quanto a
prescricdo da intensidade adequada e segura para esta populacdo (QUEIROZ et al.,
2015).

Tabela 2 — Estudos sobre o sistema purinérgico e a HAS em modelos animais (ratos)

Furstenau, C.B. Furstenau, C.B. Cardoso, A.Met Akinyemi, A.J.et.,

Estudos et al., 2008 etal., 2010 al. 2012 2014
Inducgéo da 30mg/kg/dia 30mg/kg/dia 30mg/kg/dia 30mg/kg/dia
HAS L-NAME L-NAME L-NAME L-NAME

) ) Suplementacéo
Tratamento L-NAME L-NAME Exercicio fisico o
dietética
Duracéo 14 dias 14 dias 4 semanas 4 semanas

Por outro lado, sdo escassos 0s estudos sobre o exercicio fisico e sua relacao
com sistema purinérgico (Tabela 2). Nesse sentido, as evidéncias sobre os efeitos
do TR sobre a atividade das ectonucleotidases e, sua relagdo com o EO e a HAS
ndo existe na literatura. Somado a isso, ha a necessidade de estudos sobre o a
intensidade do TR na HAS, pois a prescricdo para individuos hipertensos €
divergente, baseando-se na seguranca desses sujeitos e, devido a possiveis

elevacdes da PA que podem ser desencadeadas por este tipo de exercicio.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Avaliar os efeitos de 4 semanas de duas intensidades de exercicio resistido
em biomarcadores de estresse oxidativo e na atividade das ectonucleotidases em

plaguetas de ratos hipertensos.

2.2 OBJETIVOS ESPECIFICOS

Comparar duas diferentes intensidades de treinamento resistido em ratos

controles e hipertensos sobre:

- Conteudo de Nitritos e Nitratos (NOX) em soro;

- Conteudo de proteina carbonil em soro;

- Niveis de Malondialdeido (MDA) em soro;

- Niveis de Espécies Reativas de Oxigénio (EROS) em soro;
- Niveis de GlutationaPeroxidase (GPx) em soro;

- Niveis de Glutationa-S-Transferase (GST) em soro;

- Atividade da enzima NTPDase em plaquetas;

- Atividade da enzima 5’nucleotidase em plaquetas;

- Atividade da enzima Adenosina Desaminase (ADA) em plaquetas.
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Abstract

The aim of this study was to analyze the effects of two resistance exercises on
oxidative stress and ectonucleotidases activities in hypertensive rats. Sixty male
Wistar rats were divided into six groups (n=10): control group, high-intensity exercise
(HIE), low-intensity exercise (LIE), the L-NAME, high-intensity exercise plus L-NAME
(HIE+L-NAME) and low-intensity exercise plus L-NAME (LIE+L-NAME) groups.
Nitrite and nitrate content (NOXx), carbonyl protein, malondialdehyde (MDA) and
reactive oxygen species (ROS) levels, as well as glutathione peroxidase (GPx) and
glutathione-S-transferase activities (GST) were evaluated in serum. NTPDase,
5'nucleotidase and adenosine deaminase (ADA) activities were verified in platelets.

Results showed a significant reduction in the NOx content in the L-NAME group
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compared with the L-NAME group. However, the exercise L-NAME groups showed
an increase in the NOx content compared with the control group. A significant
increase in MDA levels was observed in the L-NAME group compared with the
control and L-NAME exercise groups. The L-NAME group had a significant increase
in the hydrolysis of ADP and AMP compared with the control. Nevertheless,
significant reductions in ADP and AMP hidrolysis were verified in the L-NAME
exercise groups compared with the L-NAME group. Significant increases in the ADA
activity in HIE and LIE in the control group were observed as well as an increase in
ADA activity in LIE + L-NAME compared with their respective controls. However, a
significant reduction in the ADA activity was observed in L-NAME group compared
with the control group. Results suggest that HIE and LIE groups may reduce the
oxidative stress and regulate ectonucleotidase activity, preventing the deleterious

effects caused by hypertension in the cardiovascular system.

Keywords: hypertension, oxidative stress, ectoenzymes, physical exercise.

Introduction

Hypertension is associated to the development of most cardiovascular events,
such as stroke and acute myocardial infarction [1].Projections suggest that by 2025,
the hypertension prevalence may result in approximately 1.56 billion of cases
worldwide [2]. Hypertension in combination with a sedentary lifestyle constitutes an
important risk factor for the development of cardiovascular diseases (CVD) [3]. CVD
present changes in their pathophysiological mechanisms such as endothelial function
loss, which is characterized mainly by a reduced production of nitric oxide (NO).
Impairments in the endothelial function are directly related to the initial stage of
atherosclerosis, increased oxidative stress levels and higher blood pressure [4].

In this context, oxidative stress may be a consequence of a decrease in the
primary antioxidant defense system or an elevation of reactive oxygen species (ROS)
concentration in hypertension [5]. A great number of studies have indicated that
superoxide anion(O,"), H,O, (hydrogen peroxid), and peroxynitrite (ONOQ~), which

are formed in radical-radical coupling reactions, play an important role in the
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development of hypertension on vascular tone [5,6,7]. The relationship between rise
ROS production and high blood pressure has been explained through the enhanced
inactivation of the NO by superoxide radical (O2™) [5,6]. Under physiological
conditions, ROS formation is balanced in the vascular endothelium by oxidant
enzymes, while ROS levels are eliminated by antioxidant enzymes [5].

The purinergic signaling may be associated with hypertension, especially in
the increased or reduced production of adenine nucleotides, such as ATP, ADP and
AMP [8]. In this context, adenosine, which is a nucleoside, has important vasodilator
properties such as inhibition of platelet aggregation, prevention of vascular thrombus,
as well as reduced blood pressure and heart rate [8]. Extracellular levels of these
molecules are controlled by a cascade of enzymes, known as Ecto-Nucleotide
triphosphate diphosphohydrolase (NTPDase E.C.3.6.1.5;), Ecto-5'-Nucleotidase
(E.C.3.1.3.5, 5NT) and Ecto-Adenosine Deaminase(ADA; E.C.3.5.4.4). These
enzymes are important in the regulation of ectoenzyme levels in the vascular system
and are involved in some cardiovascular diseases, such as diabetes and
hypertension [8,9]. Physical exercises may develop a protective action on the
hydrolysis of nucleotides and adenine nucleosides, preventing possible deleterious
effects of hypertension [8].

Physical exercise is associated with changes in the antioxidant system,
reduced blood pressure, and inflammation in vascular endothelium [5]. More
specifically, resistance exercise is associated with an increase in NO production and
increase in antioxidant capacity [5,10]. There is some evidence about the possible
mechanisms of physical exercise on oxidative stress [5,11]. Initially, resistance
exercise induced ROS, and reactive nitric species (RNS) generation was viewed as a
detriment to exercise performance because could result in muscle damage, fatigue,
impaired muscle force production, and reduced immune system [12,13,14]. The RNS
generation is necessary during exercise for the initiation of adaptive processes [15].
Consequently, these adaptive processes may result in lower basal levels of RNS and
a reduction in oxidative damage during exercise. However, these benefits appear to
be associated mainly to aerobic training [15].

It has been shown that aerobic or resistance exercises, performed regularly,
decrease oxidative stress, attenuate lipid peroxidation, and increase antioxidant
enzyme [16,17]. The protector effect of physical exercise in hypertension may be

explained by a well-adapted antioxidant defense in physically active people [18].
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Moreover, aerobic training (AT) may promote the release of vasoactive substances
such as NO and bradykinin into the systemic circulation, favoring tissue perfusion
and decreasing peripheral vascular resistance [19]. It is noteworthy that in people
with or without CVD, resistance training (RT) increases strength and endurance,
provides functional capacity, and reduces possible mortality [20].

In this context, few studies have been reported using different training loads,
volumes and intensities of resistance exercise in hypertension. Thus, the aim of this
study was to compare and analyze the effects of two resistance exercise protocols

on oxidative stress biomarkers and ectonucleotidases activities in hypertensive rats.

Material and methods

Chemicals

L-NAME, DNPH, reduced glutathione (GSH), tris (hydroxy-methyl)
aminomethane GR, thiobarbituric acid (TBA), VCls, Ficol and Coomassie Brilliant
Blue G were obtained from Sigma Chemical Co (St. Louis, MO, USA). Bovine serum
albumin was obtained from Reagent. All the other chemical sused in this experiment
were of the highest purity.The substrates ATP, ADP, AMP, adenosine, trizma base,
HEPES, and coomassie brilliant blue G were purchased from Sigma Chemical Co
(St. Louis, MO, USA). All other reagents used in the experiments were of purity and
of the highest analytical grade.

Animals

Sixty adult male Wistar rats (70 — 90 days; 220 — 300 g) from the Central
Animal House of the Federal University of Santa Maria were used in this experiment.
The animals were maintained at a constant temperature (23 °C) on a 12 h light/dark
cycle with free access to food and water. The Animal Ethics Committee from the
Federal University of Santa Maria approved all animal procedures. All protocols were
in accordance with the guidelines of the Colégio Brasileiro de Experimentacao
Animal, based on the Guide for the Care and Use of Laboratory Animals (National
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Research Council). All efforts were made to minimize the number of animals used in

this study and their suffering.
Induction of hypertension induced by L-NAME

Rats were randomly divided into six groups: control group (CTRL), high
intensity exercise group (HIE), low intensity exercise group (LIE), L-NAME, high
intensity exercise plus L-NAME group (HIE+L-NAME), and low intensity exercise plus
L-NAME group (LIE +L-NAME). The hypertension was induced by the oral
administration of NOS inhibitor (L-NAME). L-NAME administration may be via
drinking water, gavage and subcutaneous injection. Gavage administration was
chosen to be certain on the dose ingested by rats and to be sure all rats received the
same amount of dose. A medium dose was chosen as used by Furstenau, and

Cardoso et al [21,5] (30 mg/kg*day™)10 and at relative medium time.
RT Protocols in experimental groups

The training was done by climbing stairs [22,23]. Two animals were put on the
TR ladder to perform the exercise. The high intensity exercise groups were
encouraged to perform 4 sets (80% of body weight) and low intensity exercise groups
performed 10 sets (30% of body of weight) on a vertical ladder with weights attached
to their tail. Rats performed series of 90 s with 60 s interval. Animals were trained
three times a week for four weeks. The intensity of the load was adjusted in
accordance with the increase of animal weight in the same initial intensity of both
protocols. Adjustments were made every seven days of training in the four groups

that performed the exercise.
Blood preparation

Twenty-four hours after the last treatment, animals were previously
anesthetized with isoflurane and then submitted to euthanasia. Isoflurane was
administered to animals by closed technique in a dose of 0.5%. Animals were kept in

a closed chamber, having an environment saturated with anesthetic for
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approximately 2 min. The exact time spent in the chamber depended on the clinical
signs of each animal. Immediately after collection, rats were killed by decapitation.
Blood was collected by cardiac puncture in tubes with and without
anticoagulant system to determine oxidative stress parameters and to perform
biochemical analysis. In tubes without an anticoagulant system, blood was
centrifuged at 1.800 g for 10 min, the precipitate was discarded, and the serum was
used to determine substances reactive to thiobarbituric acid (TBARS), protein

carbonyl.

Nitrite plus nitrate content

NO content in serum supernatant was estimated in a medium containing 400
puL of 2% VCIls (in 5% HCI), 200puL of 0.1% N-(l-naphthyl) ethylene-
diaminedihydrochloride, 200 pL of 2% sulfanilamide (in 5% HCI). After incubating at
37 °C for 60 min, nitrite and nitrate levels, which correspond to an estimative of NO,
were determined spectrophotometrically at 570 nm. This method is based on the
reduction of nitrate to nitrite by VCl; [24]. Serum mitrite and nitrate levels were

expressed as nanomole of NOx/milligram of protein.

Carbonylation of serum protein

The carbonylation of serum proteins was determined by a modified Levine
method [25]. Firstly,1 ml of serum protein was precipitated using 0.5 ml of 10%
trichloroaceticacid (TCA) and then centrifuged at 1800 g for 5 min, discarding the
supernatant. The amount of 0.5 ml of 10 mmol™*12,4-dinitrophenylhydrazine (DNPH)
in 2 mol/HCI* was added to this protein precipitate and incubated at room
temperature for 30 min. During incubation, samples were mixed vigorously every 15
min. After incubation, 0.5 ml of 10% TCA was added to the protein precipitate and
centrifuged at 1800g for 5 min. After discarding the supernatant, the precipitate was
washed twice with 1 ml of ethanol/ethylacetate (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 EDTA in 200 ml 80 mmol |
'phosphate buffer, pH 8.0) and incubated at 37 °C for 10 min. The color intensity of

the supernatant was measured using a spectrophotometer at 370 nm against 2 moll
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I"HCI. Carbonyl content was calculated by using the molar extinction coefficient
(0,021 x 10 1mol™* 1cm™), and results were expressed as nanomoles of carbonil

protein/per milligram protein.
Determination of lipid peroxidation

Lipid peroxidation was estimated by measuring TBARS in serum samples
according to a modified method of Jentzschet et al., (1996). [26]. Briefly, 0.2 ml of
serum was added to the reaction mixture containing 1ml 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
(MDA) were ad at 532 nm against the blank of the standard curve. Results were

expressed as nanomoles MDA/per milliliter of serum.

Reactive Oxygen Species (diclorofluoresceine levels)

Levels as previsiouly described Halliwell and Gutteridge, 2007, of 2°-7'-
Dichlorofluorescein (DCFH) were determined as an index of the peroxide production
by cellular components. This experimental method of analysis is based on the
deacetylation of the probe DCFH-DA, and its subsequent oxidation by reactive
species to DCFH, a highly fluorescent compound [27]. The serum was added to a
medium containing Tris—HCI buffer (10 mM; pH 7.4) and DCFH-DA (1 mM). After
DCFH-DA addition, the medium was incubated in the dark for 1h until the start of
fluorescence measurement procedure (excitation at 488 nm and emission at 525 nm;

both slits used were at 1.5 nm). Results were expressed as UDCF/ml of serum).

Glutathione peroxidase (GPx) and Glutathione S-transferase (GST) activities

GPx activity was determined using glutathione reductase and NADPH. The
method is based on the oxidation of NADPH, which is indicated by a decrease in
absorbance at 340 nm (Paglia et al., 1967) [28]. The enzymatic activity was
expressed as nmol NADH/h/mg of protein. GST activity was assayed
spectrophotometrically at 340nm by the method of Habig et al. (1974) [29]. The

mixture contained serum as test, 0.1 M potassium phosphate buffer (pH 7.4), 100
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mM GSH and 100 mM CDNB, which was used as substrate. The enzymatic activity
was expressed as nmolCdnb/h/mg of protein.

Platelet preparation

Platelet-rich plasma (PRP) was prepared by the method of Lunkes et al.
(2004) [30]. Total blood was collected by cardiac puncture with 0.120 M sodium
citrate as anticoagulant and centrifuged at 160g for 15 min. Next, PRP was
centrifuged at 1400 g for 30 min and washed twice with 3.5 mM HEPES buffer, pH
7.0. The washed platelets were resuspended in salina isosmolar buffer and adjusted

to 0.4-0.6 mg of protein/mL.

NTPDase and 5-nucleotidase activity determination

NTPDase enzymatic assay was performed as described by Lunkes et al.
(2004) [30]. For AMP hydrolysis, 5’nucleotidase activity was carried out as previously
described by Lunkes et al. (2004) [30], except that the 5 mM CaCl, was replaced by
10mM MgCl,. All samples were performed in triplicate. To each triplicate, two
controls without addition of enzyme were carried out to correct non-enzymatic
hydrolysis of nucleotides. Released inorganic phosphate (Pi) was assayed by the
method of Chan et al. (1986) [31]. Enzyme-specific activities are reported as nmol Pi

released/min/mg of protein.

Adenosine deaminase activity (ADA)

The ADA activity was measured in platelets using the method of Guisti and
Galanti (1974) [32]. This method is based on the production of ammonia when ADA
acts in excess of adenosine. In brief, 50 pL of platelets reacted with 21 mmol/L of
adenosine, pH 6.5, and was incubated at 37 °C for 60 min. The protein content used
for the platelet experiment was adjusted to between 0.7 and 0.9 mg/mL. Results
were expressed in pmol Ado/ml of serum. One unit (1 U) of ADA is defined as the
amount of enzyme required to release 1 mmol of ammonia per minute from

adenosine at standard assay conditions.
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Protein determination

Protein content was measured by the Coomassie Blue method according to
Bradford (1976) [33], using bovine serum albumin as standard.

Statistical analysis

Data are presented as mean + S.E. and were analyzed statistically by Two
Way ANOVA, followed by Newman Keuls test. Differences between groups were

considered to be significant when p>0.05.

Results

Results obtained for oxidative stress parameters are shown in Figure 1. A
significant reduction was found for NOx levels in the L-NAME group when compared
with the control (Fig A) (p<0.05). However, a significant increase was observed in the
NOx levels in the LIE+L-NAME group when compared with the control (p<0.05).
Increased levels of NOx in the HIE+L-NAME and LIE+L-NAME groups were
observed when compared with the L-NAME group (p<0.05). Furthermore, there was
a significant increase in NOx levels in the LIE+L-NAME group when compared with
the HIE+L-NAME group (p<0.05). A significant reduction in the protein oxidation was
observed in the HIE+L-NAME group and LIE+L-NAME group when compared with
the control and L-NAME group (Fig B) (p<0.05). Values of MDA are shown in Figure
C. Arise in the lipid oxidation was observed in the L-NAME group in comparison with
the control group. In both LIE+NAME and HIE+L-NAME groups, a significant
decrease was found. In addition, no significant differences were observed in ROS
levels (Fig D) (p<0.05).

Concerning GPx (Fig 2A), significant reductions in the L-NAME, HIE+L-NAME
and LIE+L-NAME groups were found when compared with the control group
(p<0.05). No significant differences were observed in GST in comparison control
group (p<0.05).

Regarding NTPDase, 5'nucleotidase and ADA activities in platelets are shown
in Figure 3. The hydrolysis of ATP was significantly increased in the LIE when
compared with the control (Fig A). Significant increases in hydrolysis of ADP and

AMP in the L-NAME group were observed when compared with the control group
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(Fig B and C). However, a significant decrease in ADP and AMP in the LIE+L-NAME
group as well as in the HIE+L-NAME group were found when compared with the L-
NAME group, respectively. Regarding the ADA activity,a significant increase in the
HIE and LIE groups was observed when compared with the control. A reduction in
the ADA activity was found in the L-NAME group when compared with the control.
Nevertheless, a significant increase in the ADA activity in the LIE+L-NAME group

was seen when compared with the L-NAME group.
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Fig 1.A. Levels of nitrite/nitrate oxide (NOx) in serum of control group, high intensity exercise group
(HIE), low intensity exercise group (LIE), L-NAME group (CTRL), high intensity exercise L-NAME
group (HIE) and low intensity exercise L-NAME group (LIE). B. Protein carbonyl values content in
serum of control groups and exercise L-NAME groups. C. Levels of malondialdeide (MDA) in serum of
control groups and exercise L-NAME groups. D. Levels of reactive oxygen species (ROS) in serum of
control groups and exercise L-NAME groups. Data are presented as mean + SE. (p< 0.05, n =10 to
each group). ANOVA-Student Newman-Keuls test.Groups with different symbols are statistically
different.*Denotes significant difference when compared with the control group (p<0.05).*** Highly
significant differences when compared with the control group (p<.001). #Significant difference in the
control group L-NAME group and exercise L-NAME groups. A shows significant difference between
the exercise L-NAME groups.
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test.Groups with different symbols are statistically different.*Denotes significant difference when
compared with the control group.
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Fig 3.A. NTPDase (ATP),B. NTPDase (ADP) and C. Ecto-5’nucleotidase (AMP) activities in platelets
of control group, high intensity exercise group, low intensity exercise group, control L-NAME group,
high intensity exercise L -NAME group and low intensity exercise L-NAME group. D. ADA activity in
platelets. Data are presented as mean + SE. (p< 0.05, n =10 to each group). ANOVA-Student
Newman-Keuls test. Groups with different symbols are statistically different. *Denotes significant
difference when compared with the control group (p<0.05).*** Highly significant differences when
compared with the control group (p<,001). *Significant difference in the control group, L-NAME group
and exercise L-NAME groups.
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Discussion

It is known that NO has important vasodilator properties that maintain
cardiovascular homeostasis [36]. However, NO levels in hypertension is reduced due
to increased oxidative stress, increasing the release of free radicals such as NADPH
oxidase, which may reduce NO levels in the cardiovascular system. Our results are in
agreement with other study [37] that also found lower NOx levels when animals were
treated with L-NAME [5,38]. Nevertheless, the increase in NOx levels in high and low
intensity exercises, especially in the LIE+ L-NAME group, suggest that these types of
exercises may increase NO production by reducing the deleterious effects of
hypertension [5]. Moreover, training variables such as time and volume of exercise
may induce larger amounts of NO. In this study, we observed that LIE had positive
effects on hypertension, since there was an increase in NOX production and a
decrease in NO inactivation, leading to an increase in NO bioavailability.

Although there is evidence for the association of high blood pressure with
oxidative stress through a possible role of oxidative stress in endothelial dysfunction
and pathophysiology of hypertension, the relationship between blood pressure and
oxidative stress parameters is still not clear, even less if we compare the resistance
and aerobic exercise in the context disease. Results showed a significant reduction
in protein carbonyl content and lipid peroxidation (MDA) level in the LIE+L-NAME and
HIE+L-NAME groups as, indicating a protective effect of exercise on the decrease of
the oxidative stress observed in the hypertensive rats [5].

It has been shown that hypertension is associated with disturbances in
glutathione metabolism. According to Chaves et al, (2007), mononuclear cells from
hypertensive subjects display significant lower GSH and higher GSSG values than
the control group [40]. Furthermore, the enzyme activity involved in the glutathione
metabolism is also disturbed in hypertension since a decrease in GR and GPx
activities has been reported [40,41]. A reduction in antioxidant enzymes in
hypertension has been explained by impaired enzyme expression response and
enzyme inactivation in the conditions of oxidative stress [40]. It has been also
demonstrated that antihypertensive treatment reduces oxidative stress [42,43],
increases GSH level and decreases GSSG, besides enhancing enzymes involved in
the glutathione metabolism [40,44]. In the current study, the observed reduction in
GPx, an enzyme of the antioxidant system, may be due to the action of other
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enzymes such as catalase (CAT) and superoxide dismutase (SOD), which are
initially triggered by the antioxidant system when there is imbalance in the redox
state.

Up to the moment, only one study has been found in literature reporting the
relationship between ectonucleotidase activities, resistance exercises and
hypertension. In the L-NAME groups, HIE and LIE increased the ADA activity in
platelets of hypertension rats. These findings in our study regarding the intensity
resistance exercise are very important because adenosine level is considered a
potent vascular vasodilator, which is mainly associated with aerobic training [45].
Moreover, a decrease in the ADA activity in the hypertensive control group appears
to be related to decreased levels of NO, which is also observed in other
investigations [35,11]. The increased ADA activity in the LIE groups suggests that
resistance exercise at lower intensities may be more effective as vascular
vasodilator.

Adenosine has some effects as an extracellular signaling molecule inducing
vasodilation in most vascular beds, having antithrombotic properties and reducing
blood pressure and heart rate. Our results were similar to those observed by
Cardoso et al. (2013), who observed a reduction in ADP and AMP hydrolysis,
demonstrating that resistance exercise can also regulate the actvities of these
nucleotides, thereby reducing the vasoconstriction present in hypertension.

As already reported by Mortensen et al., physical training [46] may reduce the
vasodilator response in blood, suggesting that the sensitivity of the P2 purinergic
receptors and/or degradation of ATP in plasma changes with the formation in the
hypoxic state. Consequently, the release of ATP in erythrocytes is controversial,
since ATP controls the blood flow and is sensitive to oxy-hemoglobin, not being
sensitive to changes in partial pressure of oxygen (PO,) [47]. However, the inhibition
of the production of ATP in erythrocytes by inhalation of carbon monoxide (CO)
makes plasma ATP levels not reduce blood flow in response to the increase induced
by exercise [48]. These findings suggest that ATP is not responsible for this increase
in blood flow as found in our study, indicating that other nucleotides such as ADP,
AMP, and adenosine nucleosides may be involved in vascular vasodilatation.

In conclusion, after four weeks testing the low and high-intensity exercise
training it was possible to verify a considerable improvement in the oxidative status,

reversing the adverse effects of hypertension on the production of nitric oxide
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increasing its availability, which may considerably affect the cardiovascular function
in hypertension. However, the antihypertensive mechanism of the resistance
exercise training is not fully understood. Here, we provide new insight into the
enzymatic mechanism by which resistance exercise training usable to improve the
cardiovascular homeostasis mediated by the up-regulation of ectonucleotidases in
hypertensive rats.
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4 CONCLUSAO

v A reducéo significativa no conteido de NOx no grupo controle L-NAME evidencia
esse disturbio vascular decorrente da HAS. Porém, o exercicio resistido preveniu
esse efeito, sugerindo um efeito vasodilatador vascular decorrentes das duas

intensidades de treinamento, prevenindo.

v" A reducao significativa do contetdo de proteina carbonil nos grupos exercicio de
alta e de baixa intensidade L-NAME, evidencia um possivel efeito protetor do

exercicio contra a carbonilcdo protéica que esta associada a HAS.

v' As reducdes significativas nos niveis de MDA nos grupos exercicio de alta e de
baixa intensidade L-NAME, sugerem que estes exercicios podem reverter o dano

oxidativo, que € observado no quadro clinico da HAS.

v" A reducdo significativa na atividade da GPx nos grupos exercicio de alta e de
baixa intensidade L-NAME, demonstram que essa enzima talvez ndo seja o
principal mecanismo de acdo antioxidante desencadeadas por estes dois
protocolos de exercicio sobre a diminuicdo do estresse oxidativo relacionado a
HAS.

v' Os grupos exercicio de alta e baixa intensidade L-NAME reduziram
significativamente o aumento das atividades da NTPDase para ADP e, da
5’nucleotidase induzidos pelo L-NAME. Consequentemente a reducdo da
hidrolise desses nucleotideos podem prevenir distlrbios vasculares importantes
como a agregacao plaquetéria, formacédo de trombos, entre outras complicacdes
associadas a HAS.

v' .A reducdo significativa na atividade da ADA no grupo L-NAME pode estar
relacionada as respostas cardiovasculares desencadeadas pela HAS, como a
diminuicdo da vasodilatacdo que pode ser associado a reducdo da atividade
desta ectoenzima. Entretanto, somente o exercicio baixa intensidade reverteu
essa resposta, aumentando a producdo de adenosina extracelular, podendo

reduzir essas complicacdes vasculares relacionados a esta doenca.
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