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RESUMO
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A hipertensdo € uma condicao clinica multifatorial que, na maioria dos casos, esta
acompanhada de um quadro inflamatério de baixo grau e alteragdes nas fungdes
plaquetarias. Essas modificagcdes podem estar relacionadas a um desequilibrio na regulagao
dos niveis de nucleotideos de adenina (ADP, ADP e AMP), da adenosina e da molécula
acetilcolinesterase (ACh), que ¢é realizada pelas enzimas do sistemas purinérgico
[NTPDases, ecto-5-nucleotidase e adenosina desaminase (ADA)] e colinérgico
[Acetilcolinesterase (AChE) e Butirilcolinesterase (BuChE)] presentes no sangue,
respectivamente. A atividade dessas enzimas pode ser modulada pela pratica regular de
exercicios fisicos, a qual tem sido recomendada para o tratamento da hipertensdo. Sendo
assim, o objetivo deste estudo foi verificar o efeito de seis semanas de natagdo sobre a
pressdo arterial, a atividade de enzimas dos sistemas purinérgico e colinérgico em sangue,
bem como sobre a agregacdo plaquetaria e marcadores inflamatérios classicos em ratos
com hipertensdo induzida através de administragdo de metila Nw-Nitro-L-arginina cloridrato
de éster (L-NAME). Com o objetivo de melhor compreender as alteragdes crbénicas, avaliou-
se, também, o efeito de uma uUnica sessdo aguda de exercicio sobre a atividade das
enzimas ja mencionadas. Os animais foram divididos em quatro grupos (n = 10): Controle,
Exercicio, L-NAME e L-NAME Exercicio. Apdés 60 dias de tratamento, os animais foram
submetidos a eutanasia e as plaquetas, os linfocitos, o sangue total e o soro foram usados
para as determinagdes experimentais. Os resultados obtidos mostraram que o treinamento
com natacao foi capaz de reduzir a pressao sanguinea em ratos hipertensos, além de
prevenir o aumento da atividade das enzimas NTPDase, ecto-5-nucleotidase e ADA em
linfocitos e plaquetas, o que provavelmente contribuiu para prevenir a agregacao
plaquetaria. Cronicamente, a natagdo também foi eficaz na prevencdo do aumento da
atividade das enzimas AChE em linfécitos e sangue total e BUChE em soro. Com relagéo a
expressdo da NPTDase1, o exercicio per se gerou a reducdo da expressao desta enzima,
mas nao apresentou efeitos significativos nos ratos hipertensos. A prevengado do aumento
dos niveis de colesterol, triglicerideos, proteina C-reativa e mieloperoxidase gerada pela
pratica da natacdo reforca o fato de que o exercicio reduziu a inflamagdo em ratos
hipertensos. Como resposta a uma unica sessao aguda de exercicio, verificou-se o aumento
da atividade das enzimas dos sistemas colinérgico em sangue total, linfécitos e soro e do



sistema purinérgico em plaquetas. Entretanto, ocorreu a diminuigdo da atividade da
NTPDase e da ADA em linfécitos. Pode-se concluir que este estudo permitiu desvendar em
parte os mecanismos relacionados aos processos protetores advindos da pratica regular de
exercicio fisicos na hipertensdo relativos aos processos inflamatérios e a agregacao
plaquetaria. Os resultados ainda reforcam a importancia da dosagem das enzimas dos
sistemas purinérgico e colinérgico como parametros da resposta inflamatéria. Conclui-se,
também, que a pratica regular de exercicio fisico possui efeitos antitrombodticos e anti-
inflamatérios através da modulacdo da atividade das enzimas dos sistemas purinérgico e
colinérgico na hipertensao. Sugere-se que estas respostas tenham sido provenientes das
adaptagdes ocorridas no organismo decorrentes de cada estimulo agudo, que gerou
estimulos suficientes para quebrar a homeostase do organismo e promover adaptagdes
benéficas. Desta forma, o exercicio fisico aerdbico moderado possui um papel fundamental
na atuagdo como coadjuvante no tratamento da hipertenséo.

Palavras-chave: hipertenséo, ectonucleotidases, colinesterases, ratos, sangue, L-NAME,

presséo arterial, resposta inflamatéria, agregacao plaquetaria.
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Hypertension is a multifactor clinical condition, which is accompanied by a low-grade
inflammation and alterations in platelet function. These modifications may be related to an
imbalance in the regulation of adenine nucleotides (ATP, ADP and AMP), adenosine and
acetylcholine (ACh) levels. This regulation is performed by purinergic [NTPDases, ecto-5'-
nucleotidase and adenosine deaminase (ADA)] and cholinergic [Acetylcholinesterase (AChE)
and Butyrylcholinesterase (BuChE)] system enzymes, present in blood, respectively. These
enzymes can be modulated by regular practice of physical exercise, which has been
recommended for the treatment of hypertension. Thus, the aim of this study was to
investigate the effect of six swimming training weeks on blood pressure, on purinergic and
cholinergic systems enzymes activities in blood as well as on platelet aggregation and
classic inflammatory markers in rats with hypertension induced by methyl Nw-nitro-L-arginine
ester hydrochloride (L-NAME) administration. In order to better understand chronic changes,
we also evaluated the effect of a single acute bout of exercise on the activity of the enzymes
already mentioned. The animals were divided into four groups (n = 10): control, exercise, L-
NAME and exercise L-NAME. After 60 days of treatment, animals were euthanized and
platelets, lymphocytes, whole blood and serum were used for experimental determinations.
The results showed that swimming training was able to reduce blood pressure in
hypertensive rats, and to prevent the increase in NTPDase, ecto-5'-nucleotidase and ADA
activities in lymphocytes and platelets. This probably contributed in preventing platelet
aggregation. Chronically, swimming was also effective in preventing the increase in AChE (in
lymphocytes and whole blood) and BUChE (in serum) activities. Regarding to the expression
of NPTDase1, exercise per se triggered a reduction in the expression of this enzyme, but
had no significant effects in hypertensive rats. The prevention of the increase in cholesterol,
triglycerides, C-reactive protein levels and myeloperoxidase activity generated by swimming
practice reinforces the fact that exercise reduced inflammation in hypertensive rats. In
response to a single acute bout of exercise, was observed an increase in the activity of
cholinergic system enzymes in whole blood, lymphocytes and serum, and purinergic system
enzymes in platelets. However, there was a decrease in the activity of NTPDase and ADA in
lymphocytes. It can be concluded that this study allowed us to unveil, in part, the
mechanisms related to the protective processes arising from regular physical exercise on
hypertension related to inflammation and platelet aggregation. The results also reinforce the



importance of measuring the purinergic and cholinergic systems enzymes as parameters of
inflammatory response. Also, it is concluded that regular physical exercise has antithrombotic
and anti-inflammatory effects by modulating the activity purinergic and cholinergic systems
enzymes in hypertension. It is suggested that these responses have been derived from the
adaptations that occur in the body due to each acute stimulus that promotes enough impact
to break homeostasis and promote beneficial adaptations. Thus, moderate aerobic exercise
has a key role in acting as an adjuvant in the treatment of hypertension.

Keywords: hypertension, ectonucleotidases, cholinesterases, rats, blood, L-NAME, blood
pressure, inflammatory response, platelet aggregation.
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1. INTRODUGAO

A hipertensao arterial sistémica (HAS) € uma condigédo clinica multifatorial
caracterizada por niveis elevados e sustentados de pressao arterial (PA). Associa-se
frequentemente a alteragdes funcionais e/ou estruturais dos érgaos-alvo (coragao,
encéfalo, rins e vasos sanguineos) e a alteragbes metabdlicas, com consequente
aumento do risco de eventos cardiovasculares fatais e ndo fatais (FAUCI et al.,
2009; LLOYD-JONES et al., 2009; DBH, 2010; BRASIL, 2013).

A HAS tem alta prevaléncia e baixas taxas de controle (BRASIL, 2013). E
considerada um dos principais fatores de risco (FR) modificaveis para o
desenvolvimento de doengas cardiovasculares (DCV) e um dos mais importantes
problemas de saude publica (LLOYD-JONES et al., 2009; BRASIL, 2013). A
mortalidade por DCV aumenta progressivamente com a elevagédo da PA a partir de
115/75 mmHg de forma linear, continua e independente (SBC, 2010). Em 2001,
cerca de 7,6 milhdes de mortes no mundo foram atribuidas a elevagao da PA (54%
por acidente vascular encefalico e 47% por doenga isquémica do coragao)
(WILLIAMS, 2010), sendo a maioria em paises de baixo e médio desenvolvimento
econdmico e mais da metade em individuos entre 45 e 69 anos. No Brasil, as DCV
tem sido a principal causa de morte (BRASIL, 2013). Em 2007, ocorreram 308.466
Obitos por doengas do aparelho circulatério (MALTA et al., 2009).

As DCV sao ainda responsaveis por alta frequéncia de internacoes,
ocasionando custos médicos e socioecondmicos elevados (DBH, 2010). Como
exemplo, em 2007 foram registradas 1.157.509 internagdes por DCV no Sistema
Unico de Saude (SUS). A doenca renal terminal, outra consequéncia frequente da
HAS, ocasionou a inclusdo de 94.282 individuos em programa de dialise no SUS e
9.486 6bitos em 2007 (DATASUS, 2009).

De acordo com dados do IBGE (2009), as DCV representam mais de 40%
das causas de 6Obito prematuro. Em menos de 40 anos, o Brasil passou de um perfil
de mortalidade tipico de uma populagao jovem para um desenho caracterizado por
enfermidades complexas e mais onerosas, proprias das faixas etarias mais
avancadas (IBGE, 2009).

Os inquéritos populacionais em cidades brasileiras nos ultimos 20 anos
apontaram uma prevaléncia de HAS acima de 30% (DBH, 2010). Considerando-se
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valores de PA = 140/90 mmHg, 22 estudos encontraram prevaléncias entre 22,3% e
43,9% (média de 32,5%) (DBH, 2010). Entre os géneros, a prevaléncia foi de 35,8%
nos homens e de 30% em mulheres, semelhante a de outros paises. Uma revisao
sistematica quantitativa de 2003 a 2009, de 44 estudos em 35 paises, revelou uma
prevaléncia global de 37,8% em homens e 32,1% em mulheres (PEREIRA et al,,
2009).

Estudos clinicos demonstraram que a detecgao, o tratamento e o controle da
HAS séo fundamentais para a redugédo dos eventos cardiovasculares (SBC, 2010;
BRASIL, 2013). No Brasil, 14 estudos populacionais realizados nos ultimos quinze
anos com 14.783 individuos (PA < 140/90 mmHg) revelaram baixos niveis de
controle da PA (19,6%) (JARDIM et al., 2007; DBH, 2010).

Dentre os fatores de risco (FR) para o desenvolvimento da HAS encontram-
se: idade, sendo a prevaléncia de HAS superior a 60% em individuos acima de 65
anos; género e etnia, nos quais homens negros estdo mais suscetiveis; excesso de
peso e obesidade; ingestdo de sal; consumo exagerado de alcool; sedentarismo e
genética (FAUCI et al,, 2009). H& evidéncias de que fatores socioeconémicos
também possam ser incluidos como um FR para a HAS, pois ja foi observada uma
prevaléncia em individuos com menor escolaridade (DBH, 2010).

Os FR cardiovasculares frequentemente se apresentam de forma agregada. A
predisposicao genética e os fatores ambientais tendem a contribuir para essa
combinacdo em familias com estilo de vida pouco saudavel (DBH, 2010). O
Ministério da Saude (BRASIL, 2013) reforga a importancia do diagndstico precoce e
da mudanca no estilo de vida, principalmente com relagdo ao sedentarismo, como
fatores de controle e tratamento fundamentais para a qualidade de vida do paciente.
Desta forma, a recomendagao € que se faga a afericido da PA no minimo uma vez
por ano. Tanto nos atendimentos em unidades basicas de saude quanto em
consultorio, preconiza-se que os médicos e/ou enfermeiros tenham a atencao
voltada para estas medidas de “rastreamento”, como denomina o Ministério da
Saude (BRASIL, 2013).

Os critérios clinicos atuais para definir hipertensao geralmente baseiam-se na
meédia de duas ou mais afericbes da pressao na posi¢ao sentada durante cada uma
de duas ou mais consultas ambulatoriais. A classificacdo da determinagao do nivel

de hipertensdo varia levemente de acordo com a referéncia utilizada, como
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demonstrada nos quadros abaixo. De acordo com a Sociedade Brasileira de
Cardiologia (2010), os individuos podem ser classificados como portadores de
pressdo otima, pressdo normal, pressédo limitrofe, hipertenséo estagio 1, hipertensao
estagio 2, hipertensdo estagio 3 ou hipertensdo sistdlica isolada (Quadro 1).
Tomando como base o American Heart Association (2004), os individuos sao

caracterizados como portadores de pressdao normal, pré-hipertensado, hipertensao

estagio 1 e hipertensao estagio 2 (Q

uadro 2).

Categoria PA diastdlica PA sistdlica
(mmHg) (mmHg)
Pressao 6tima <80 <120
Pressédo normal <85 <130
Presséo limitrofe 85-89 130-139
Hipertens&o estagio 1 90-99 140-159
Hipertenséo estagio 2 100-109 160-179
Hipertensdo estagio 3 2110 =180
Hipertenséo sistolica isolada <90 2140

Quadro 1 - Classificacdo da determinagdo do nivel de hipertensdo de acordo com a Sociedade
Brasileira de Cardiologia, Sociedade Brasileira de Hipertensdo e Sociedade Brasileira de Nefrologia

(SBC, 2010).
. PA diastdlica PA sistdlica
Categoria
(mmHg) (mmHg)

Pressao normal <80 <120
Pré-hipertensao 80-89 120-139
Hipertensdo estagio 1 90-99 140-159

Hipertens&o estagio 2 2100 2160

Quadro 2 - Classificagcdo da determinagao do nivel de hipertensdo de acordo com o American Heart

Association (2004).




E importante frisar que, dependendo dos métodos de avaliacdo do paciente,
até 95% dos hipertensos sao diagnosticados como tendo hipertensdo essencial,
também chamada de hipertensdo primaria ou idiopatica (FAUCI et al.,, 2009;
ROGERS et al., 2011). Outros tipos de hipertensdo como a secundaria e a do jaleco
branco sao menos prevalentes (FAUCI et al., 2009).

A hipertensao essencial tende a ser familiar e propensa a ser consequéncia
de uma interagao entre fatores ambientais e genéticos. A prevaléncia da hipertensao
essencial aumenta com a idade e individuos com pressdes arteriais relativamente
altas, quando mais jovens, apresentam aumento do risco de desenvolvimento
subsequente de hipertensdo. E provavel que a hipertensdo essencial represente um
espectro de disturbios com fisiopatologias subjacentes diferentes. Na maioria dos
pacientes com hipertensdo estabelecida, a resisténcia periférica encontra-se
aumentada e/ou o débito cardiaco com volume elevado (FAUCI et al., 2009).

Diversos estudos relacionados a hipertensdo tém sido realizados com foco
em pacientes portadores de hipertensdo essencial ou em modelos experimentais
desta patologia (GARCIA et al., 1995; PANZA et al., 1993; KASHYAP et al., 2005;
FURSTENAU et al., 2008; FURSTENAU et al., 2010), provavelmente devido a sua
grande prevaléncia.

Muitos investigadores tem demonstrado que o aumento da PA esta associado
com uma alteracéo na funcéao reflexa dos barorreceptores. Essas alteragdes podem,
inclusive, produzir uma bradicardia persistente em pacientes hipertensos devido aos
altos niveis da atividade reflexa continuada. Assim, a frequéncia cardiaca (FC) de
individuos com a PA elevada geralmente encontra-se pouco alterada ou em niveis
normais, refletindo uma adaptacdo do sistemas barorreflexos a altas pressdes
(CHRYSANT, 2010).

A hipertensdo essencial, na maioria das vezes é associada a importantes
alteracbes metabdlicas, incluindo aquelas relacionadas ao metabolismo lipidico
(ZICHA et al., 1999). Dentre essas alteragdes, a dislipidemia, que consiste em niveis
plasmaticos elevados de triglicerideos e colesterol, baixos niveis de lipoproteina de
alta densidade (HDL) e aumento nos niveis de lipoproteina de baixa densidade
(LDL) e de particulas aterogénicas, geralmente acompanham individuos portadores
dessa patologia (KULLO et al., 2005; UKOH & OFOROFUOQO, 2008).
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Além disso, ha evidéncias crescentes de uma base genética para a
associagdo da hipertensdo com resisténcia a insulina e dislipidemia. O locus
genético associado a hipertensdo acompanhada de dislipidemia ou diabetes parece
estar intimamente ligado ao receptor de LDL e ao receptor de insulina. Por outro
lado, os efeitos do gendtipo sobre o colesterol LDL foram um aditivo para a
influéncia da desnutrigdo precoce. O crescimento fetal e infantil prejudicados esta
associado ndo apenas com a incidéncia de hipertensdo aumentada, mas também
com a resisténcia a insulina, niveis elevados de triglicérides, colesterol LDL elevado,
e diminuigao do colesterol HDL (ZICHA et al., 1999).

A HAS também esta intimamente ligada a prejuizos na fungdo renal e
encontra-se geralmente associada a niveis elevados de acido urico na corrente
sanguinea (SOLTANI et al., 2013). O nivel de uréia sérica € uma das medidas mais
comumente utilizadas para a avaliagdo da funcédo renal. Os fatores que podem
influenciar tanto a excrecdo de uréia pelos rins quanto sua sua geragdo sao
complexos e variam muito entre os individuos e ao longo do tempo (LESLEY &
STEVENS, 2005). A uréia é um produto final do catabolismo protéico. E liviemente
filtrada pelo glomérulo e passivamente reabsorvida em ambos os néfrons (proximal e
distal), e é excretada em altas concentragdes na urina. A deplegdo do volume do
fluido extracelular e estados de antidiurese estdo associados com o aumento da
reabsorgéo de uréia, levando a uma diminuigdo da depuragéo desta (LESLEY &
STEVENS, 2005). Em revisao recente sobre hiperuricemia e hipertensao, constatou-
se que 75% dos sujeitos hipertensos possuem niveis elevados de acido Urico
circulante e que este quadro também configura-se como um fator de risco
independente para o desenvolvimento da hipertensdo (SOLTANI et al., 2013).
Mazzali et al. (2001) demonstraram uma associagédo positiva entre o aumento da
concentragéo de acido urico e os niveis da PA em ratos. Soltani et al. (2013) alertam
para a importancia da dosagem deste pardmetro em individuos hipertensos, bem
como apontam para o fato de que o controle da hiperuricemia é um dos fatores
principais para a reducao da PA.

Além das alteragdes renais, é importante ressaltar a importancia do o6xido
nitrico (ON) na patofisiologia da hipertensédo (QIAN & FULTON, 2013). A sintese e a
liberagcdo de ON pelas células endoteliais desempenham um efeito importante de
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relaxamento vascular (KATSUMI et al., 2007), contribuindo para a modulagdo do
ténus vascular e consequentemente da presséo sanguinea.

Varias células utilizam a arginina para sintetizar o ON. Nas células do
endotélio vascular, na presenga de oxigénio molecular, o terminal guanidino
nitrogenado da L-arginina produz o radical livre gasoso, ON, e L-citrulina em um
processo catalisado pela enzima o6xido nitrico sintase (MONCADA et al., 1991). O
ON atravessa o espaco do endotélio para o musculo liso vascular e estimula
diretamente a enzima guanilato ciclase soluvel e a consequente formagédo de cGMP
(monofosfato de guanosina-3’,5’-ciclico) intracelular, resultando no relaxamento das
células da musculatura lisa vascular (MONCADA et al., 1991) (Figura 1).

Estimulo

\
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NOS Célula
0, + l-arginina TP, NO + lcitrulina | endotelial

v

Guamilil ciclase

GTP » cGMP

|
l

Felaxamento das células

Célula muscular
lisa vascular

musculares lisas vasculares

Figura 1 - Mecanismo de vasodilatacdo mediado pelo ON, em resposta a varios estimulos, como
bradicinina ou acetilcolina. A enzima 6xido nitrico sintase constitutiva (cNOS) utiliza o oxigénio
molecular (O;) e o aminoacido l-arginina para formar o ON. O ON ativa a guanilil ciclase nas células

da musculatura lisa vascular, aumentando o nivel de cGMP, produzindo relaxamento e vasodilatagao.
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Quando o cGMP esta alto, o calcio intracelular aumenta, relaxando as
células e a vasodilatacdo se desenvolve. A vasodilatagcdo se mantém enquanto a
difusdo do ON para a musculatura lisa vascular estiver ocorrendo. Um aumento no
fluxo de ON para a musculatura lisa vascular provoca maior relaxamento celular e
maior vasodilatagdo (QIAN & FULTON, 2013). Se a formagao de ON diminui, ocorre
uma vasoconstricdo moderada. O efeito vasodilatador do ON parece ser mantido por
estimulos fisicos do fluxo pulsatil e forca de cisalhamento nas células endoteliais
vasculares (CHESTER et al., 1990). O ON também pode ser produzido pelas células
musculares lisas, podendo regular a atividade dessas células por um mecanismo
dependente do cGMP (COOKE & TSAO, 1993).

Quian e Fulton (2013) reforcam o fato de que o ON exerce um papel vital na
manutengdo da homeostase cardiovascular através de sua influéncia no ténus
vascular, na proliferagao das células musculares lisas, na adesao de leucdcitos e na
agregacao plaquetaria. Sendo assim, diversos estudos tem mostrado que a enzima
oxido nitrico sintase endotelial (eNOS) tem efeito protetor em diversas patologias,
incluindo a hipertensao (QUIAN & FULTON, 2013).

Através de seus efeitos na funcdo endotelial e no vasorelaxamento, o ON
regula o fluxo sanguineo e, consequentemente, a PA. Individuos hipertensos
possuem baixa formacédo de ON, que pode ser tanto causa quanto consequéncia da
patologia, pois sabe-se que o metabolismo de sintese do ON prejudicado pode ser
uma das causas da hipertensdo (QUIAN & FULTON, 2013). O déficit de ON é um
dos fatores que fazem com que a perfusdo tecidual seja reduzida e ocorra a
formacao de trombo, condicdo que agrava o quadro hipertensivo (QUIAN &
FULTON, 2013).

Além disso, a hipertensdo esta intimamente ligada a produgé&o de espécies
reativas que alteram o metabolismo do ON. O anion superéxido (O;") reage com o
ON trés vezes mais rapido do que com a enzima superoxido dismutase (SOD). Esta
reacao efetivamente bio-inativa o ON, e sendo assim, diminui a vasodilatagdo do
endotélio que é dependente de ON. O produto da reacdo do ON com o O,” é o
peroxinitrito (ONOQ"), o qual é altamente reativo. Por nitrosilar residuos de tirosina
na prostacilina sintase, o ONOO™ pode por si s6 prejudicar as respostas de
relaxamento (WILCOX, 2003).

A inibicdo crbénica da sintese de ON produz uma elevagdo volume-
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dependente da PA e suas caracteristicas fisioldgicas e patologicas se assemelham a
hipertensao essencial (LERMAN et al., 2005; DORNAS & SILVA, 2011). Além disso,
€ bem estabelecido que ocorre a inibicdo aguda da biossintese de oxido nitrico
através da administragéo in vivo de metila Nw-Nitro-L-arginina cloridrato de éster (L-
NAME), um analogo da L-arginina, levando a vasoconstricdo renal e hipertenséo
arterial (LERMAN et al., 2005; DORNAS & SILVA, 2011). Neste sentido, diversos
estudos utilizam a administracdo de L-NAME para a indug&o da hipertensao arterial
in vivo (BAYLIS et al., 1992; RIBEIRO et al., 1992; HUSAIN, 2002; FURSTENAU et
al., 2008; FURSTENAU et al., 2010).

Em fases mais avangadas, o modelo € caracterizado por uma funcao renal
deprimida e microangiopatia renal hipertensiva (RIBEIRO et al., 1992), além de dano
renal glomerular (BAYLIS et al., 1992, KURU et al., 2005). Foi observado também, o
aumento da resisténcia vascular renal e proteindria como consequéncia da
hipertensdo causada pela administracdo de L-NAME, coincidindo com o
aparecimento de lesdo glomerular esclerética na histopatologia renal e estreitamento
arteriolar (BAYLIS et al., 1992; RIBEIRO et al., 1992).

A administracdo de L-NAME pode ser realizada oralmente, através de
gavagem ou na agua da dieta; ou através da via intraperitoneal. A dose do inibidor
da oxido nitrico sintase varia de 10 mg/kg/dia a 60 mg/kg/dia, dependendo do
protocolo experimental (BAYLIS et al., 1992; RIBEIRO et al., 1992; HUSAIN, 2002;
KURU et al., 2002; KURU et al., 2009; FURSTENAU et al., 2008). Diante dos dados
existentes na literatura é possivel afirmar que a via de administracdo e a dose do
composto ndo exercem alteragdes significativas com relagédo ao resultado esperado.
Entretanto, observa-se que existe uma correlagao positiva entre doses mais altas
elou tempo de exposicado prolongado ao composto e o desenvolvimento de danos
renais que variam de leves a severos (BAYLIS et al., 1992; RIBEIRO et al., 1992;
AZEGAMI et al., 2012)

Através da utilizacdo de modelos experimentais de hipertensdo tem sido
possivel analisar e melhor compreender as alteragbes fisiopatoldgicas que
acompanham essa patologia. Neste contexto, € importante destacar que as
mudancgas vasculares constituem-se como foco importante de pesquisa. A pressao
exercida pelo proprio fluxo sanguineo € um dos fatores responsaveis por causar

danos ao endotélio vascular. Em uma visédo superficial e resumida observa-se que
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estimulos dirigidos as paredes das artérias resultam em rapida ativagdo do
endotélio, agregacao plaquetaria bem como acumulo de leucdcitos (GLEESON et
al., 2011; KANTHI et al., 2014; SCHIFFRIN, 2014).

Nos ultimos 20 anos tem sido reconhecido que o quadro inflamatério de baixo
grau exerce um papel chave nas DCV. Este estado inflamatorio de baixo grau é
indicado por niveis elevados de marcadores inflamatorios classicos como a proteina
C-reativa (PCR) (GLEESON et al., 2011). A PCR tem sido reconhecida como
preditora de eventos cardiovasculares, principalmente quando seus niveis elevados
estdo associados a hipertensdo (BLAKE et al., 2003). Entretanto, Pirro e Schillaci
(2006) sugerem que a PCR elevada em individuos saudaveis pode ser um preditor
da hipertensdo. Sendo assim, ainda ndo esta claro se essa proteina deve ser
entendida como um marcador inflamatério ou um fator causal na promocg¢ao da
hipertensdo e suas complicagdes (PIRRO & SCHILLACI, 2006). A PCR é uma
proteina de fase aguda produzida nos hepatocitos em resposta ao estimulo de
citocinas, em especial a IL-6, que induz a sua expressao e liberacido na corrente
sanguinea (PIRRO e SCHILLACI, 2006). Além de inibir a atividade da eNOS, ela
possui habilidade de ligacdo e ativagdo do sistema complemento, promovendo
deposicdo de C3b nos tecidos, o que poderia induzir a aterosclerose e potencializar
a instabilidade da placa de ateroma (PIRRO e SCHILLACI, 2006).

Além disso, a PCR é capaz de induzir a produgao de fatores teciduais pré-
trombaoticos pelos macréfagos, promovendo conex&o entre as vias inflamatorias e de
coagulacao (SCHNABEL et al., 2005). Isso porque o dano causado pelo acumulo de
LDL na intima do endotélio vascular ativa a inflamacgé&o, recrutando macrofagos para
o local de injuria. A PCR liberada pelo processo inflamatorio estimula os macréfagos
a fagocitar lipoproteinas circulantes, favorecendo o aparecimento de lesdo vascular
com consequente adesao plaquetaria e formagéao de trombos (ROSS, 1999; PIRRO
e SCHILLACI, 2006). A partir do exposto, constata-se que a PCR pode ser
compreendida tanto como marcador inflamatério quanto como um promotor da
hipertensédo e das complica¢des atreladas a patologia.

Além da PCR, a enzima mieloperoxidase (MPO) tem emergido na literatura
como um importante marcador inflamatorio e preditor de risco cardiovascular e,
atualmente, sugere-se que essa enzima deve ser utilizada como uma ferramenta

para o diagnostico e prognéstico na maioria das DCV (ANATOLIOTAKIS et al.,
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2013). Considerando que a inflamagao de baixo grau esta presente na hipertensao
e esta é protagonista do processo aterosclerético, aponta-se o papel da ativagéo
neutrofilica nesse contexto (ANATOLIOTAKIS et al., 2013). A ativacdo de neutrdéfilos
resulta na liberagcdo dos granulos intracelulares, gerando dano endotelial e
aumentando a atividade pro-coagulante. Sabe-se que a MPO é o maior constituinte
dos granulos azurdfilos dos neutrdfilos e é imediatamente liberada apos a sua
ativagcao por diferentes agonistas (HANSSON et al., 2006). A liberagao da MPO
pelos leucdcitos ativados afeta o endotélio arterial a partir de diversos mecanismos
que incluem a modificagéo do fluxo de colesterol e prejuizo da produgao de ON que
induz relaxamento vascular (ANATOLIOTAKIS et al., 2013). Neste sentido, a MPO
esta implicada tanto na propagacgédo quanto na formagédo da aterogénese e existem
evidéncias substanciais de que ela também promove isquemia através da
desestabilizagdo e movimentagao da placa vulneravel (BALDUS et al., 2003).

Além disso, diversos estudos tem adicionado a informacédo de que a MPO e
seus produtos oxidantes sdo parte da cascata inflamatéria iniciada pelo dano
endotelial e que eles sdo significativamente no local da inflamagéo arterial
(ANATOLIOTAKIS et al., 2013). A MPO utiliza ON como substrato, gerando
espécies reativas de nitrogénio e sendo catalisadora da peroxidagao lipidica. A
conversdo do LDL em sua forma pré-aterogénica gera aumento da sua captagao
pelos macrofagos do endotélio vascular, formando as células espumosas que
originam a placa de aterosclerose (NICHOLLS et al., 2004). Além disso, a MPO
também é capaz de desencadear a producgao de fatores pro-inflamatérios, expressao
de moléculas de adeséo, producdo de quimiocinas e ativacido de metaloproteinases,
promovendo a desestabilizagéo e a ruptura da placa aterosclerética (BALDUS et al.,
2003). Todos esses fatores reforcam o fato de que a MPO deve ser considerada
como candidata para a predigdo de evento cardiovascular, como ja salientado por
Anatoliotakis et al. (2013).

Além do envolvimento de marcadores inflamatérios nas complicagdes da
hipertensdo, atualmente as discussdes sobre a participacdo das respostas imunes
inatas e adaptativas nos mecanismos que contribuem para a inflamacdo nesta
patologia estdo ganhando grande destaque (SCHIFFRIN, 2014). Diferentes subtipos
de linfocitos e suas citocinas estdo envolvidos no remodelamento vascular na

hipertensdo. Entretanto, como essa ativagdo do sistema imune é desencadeada
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permanece desconhecida, mas novos antigenos poderiam estar sendo gerados pela
elevagdo da pressdo sanguinea através dos receptores moleculares padrao
associados ao dano ou outros mecanismos (SCHIFFRIN, 2014). Uma vez ativadas,
as células Th1 podem contribuir para a elevagdo da pressdo através do
remodelamento vascular das veias sanguineas pelos efeitos das citocinas
produzidas ou por seus efeitos na gordura perivascular (SCHIFFRIN, 2014). Apesar
de estar claro que alteragdes nos sistema imune acompanham a hipertensao e estao
relacionadas com a progressdo das doengas cardiovasculares, Schiffrin (2014) em
sua ultima revisdo sobre o tema, afirma que os mecanismos para desvendar como
estas alteracbes sdo desencadeadas e interrelacionadas ainda precisam ser
estudados.

A partir disso, maior atengcdo deve ser voltada para eventos adjacentes as
células imunes. De grande importéncia neste contexto, observa-se que a liberagao
de nucleotideos é um potente promotor de trombose e inflamagao (KANTHI et al.,
2014), condi¢des que, como ja referido anteriormente, se relacionam em maior ou
menor grau com a hipertenséo.

O endotélio mantém a integridade vascular e a fluidez do sangue atuando
como um anticoagulante, suprimindo a ativagdo plaquetaria e promovendo a
fibrindlise e um estado quiescente (BONNER et al., 2012). Isso ocorre através de
diversos mecanismos tromboregulatérios, incluindo o catabolismo de nucleotideos
purinérgicos como o trifosfato de adenosina (ATP), difosfato de adenosina (ADP) e
monofosfato de adenosina (AMP) (BONNER et al.,, 2012). Os nucleotideos séo
liberados constantemente pelas células vasculares em baixas taxas, as quais
aumentam quando as células sao lesadas ou estressadas. Esses nucleotideos
funcionam como potentes sinalizadores paracrinos para ativar programas proé-
tromboticos e pro-inflamatoérios na vasculatura através da sinalizagdo mediada por
receptores em plaquetas, leucdcitos (especialmente linfocitos), células endoteliais e
células lisas musculares (JUNGER, 2011; KANTHI et al., 2014).

O sistema purinérgico esta programado para manter a integridade vascular e
esse fenbmeno se da principalmente através da regulagdo das concentragbes de
nucleotideos. Estas concentragdes aumentam no meio extracelular apds a ativagao
de células endoteliais e plaquetas, desgranulagéo de leucocitos, ou de necrose ou
apoptose de células vasculares e inflamatérias (HYMAN et al., 2009). A liberagao de
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nucleotideos ocorre através da lise celular e de outros mecanismos que nao
envolvem o rompimento da célula (KANTHI et al., 2014). Esses ultimos incluem a
exocitose de vesiculas contendo nucleotideos e de canais permeaveis de
nucleotideos os quais podem liberar nucleotideos em resposta a pequenas
perturbacdes celulares (SCHENK et al., 2008; JUNGER, 2011). Quando liberados,
os nucleotideos exercem efeitos imediatos no meio local a partir da ativacdo dos
seus receptores e sao rapidamente inativados através de degradacdo enzimatica.
Assim, os nucleotideos e seus metabdlitos funcionam como ligantes para receptores
expressos na superficie das células vasculares. A ligagdo destes aos receptores
purinérgicos medeia os efeitos modulatérios na trombose e na inflamagdo das
purinas, entre outros (KANTHI et al., 2014).

E importante destacar que o funcionamento do sistema purinérgico vem sendo
desvendado ao longo dos anos. Sua historia comegou com Drury e Szent-Gyorgyi
em 1929, através da descoberta da possivel agcdo dos compostos de adenina no
coragado. No inicio dos anos 60, foi caracterizada a neurotransmissao nao-
adrenérgica e nao-colinérgica no intestino e na bexiga e, nos anos 70, a adenosina
5'-trifosfato (ATP) teve seu papel descrito como um transmissor nesses sistemas
(BURNSTOCK, 2009). Entretanto, o conceito da co-transmisséo purinérgica foi
formulado pela primeira vez em 1976 (BURNSTOCK, 1976) e atualmente é
reconhecido que o ATP atua como um co-transmissor em todas as inervagdes
periféricas e no sistema nervoso central (BURNSTOCK, 2009).

Duas familias de receptores purinérgicos foram reconhecidas em 1978: os
receptores P1, sensiveis a acdo da adenosina; e os receptores P2, sensiveis ao
ATP e a adenosina difosfato (ADP) (BURNSTOCK, 1978). A clonagem desses
receptores no inicio dos anos 90 foi um ponto chave para a aceitagao da hipotese da
sinalizagcado purinérgica (LUSTING et al., 1993). Atualmente existem 4 subtipos de
receptores P1 (A1, A2a, A2b, A3), sensiveis a adenosina; 7 subtipos de receptores
P2X (ionotrépicos), sensiveis ao ATP; e 8 subtipos de receptores P2Y
(metabotrépicos/acoplados a proteina G) os quais diferem na seletividade entre
nucleotideos e estdo relacionados a diferentes vias de sinalizagdo intracelular
(BURNSTOCK, 2009; KUKULSKI, LEVESQUE E SEVIGNY, 2011). Os receptores
P2Y1, P2Y12 e P2Y13 sao ativados pelo ADP; o P2Y2 pelo ATP e UTP; o P2Y4
pelo UTP; o P2Y6 pelo UDP em humanos e roedores e pelo UTP em camundongos
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(KAUFFENSTEIN et al., 2010); o P2Y11 pelo ATP; e o P2Y14 é sensivel & UDP-
glicose (KUKULSKI, LEVESQUE E SEVIGNY, 2011) (tabela 1).

Agonista Receptor
ATP P2X1-7, P2Y2 e P2Y11
ADP P2Y1, P2Y12 e P2Y13
uTP P2Y2, P2Y4, P2Y6 (camundongos)
UDP P2Y6
UDP-glicose P2Y14
Adenosina P1 (A1, A2a, A2b, A3)

Tabela 1 — Agonistas do sistema purinérgico e seus respectivos receptores.

Os nucleotideos e a adenosina extracelular, através de sua agao via receptores
P1 e P2, estdo envolvidos em um grande numero de processos fisiologicos como
metabolismo celular, vasodilatagdo, ativagdo e migragao dos leucocitos e agregagao
plaquetaria (KUKULSKI, LEVESQUE & SEVIGNY, 2011; DEAGLIO & ROBSON,
2011). A ativagao desses receptores € regulada por ectoenzimas, as quais tém
como fungao eliminar e/ou produzir tais moléculas sinalizadoras (ABBRACCHIO e
BURNSTOCK, 1998; BURNSTOCK, 2009; KUKULSKI, LEVESQUE e SEVIGNY,
2011).

Como o proprio nome sugere, as ectoenzimas estdo acopladas a membrana
plasmatica da célula e seu sitio ativo encontra-se voltado para o meio extracelular.
As referidas enzimas estdo envolvidas em multiplos aspectos da sinalizagao
purinérgica, incluindo: término da ativacdo dos receptores P2; protegdo da
suscetibilidade dos receptores P2 a dessensibilizagdo; geracado de ligantes para
receptores P2 através da hidrélise de moléculas que contém um nucleotideo em sua
estrutura (ex.: NAD+, UDP-glicose, etc...) em nucleotideos, ou trifosfonucleotideos
em difosfonucleotideos; e producdo de adenosina com a finalidade de ativar
receptores P1 (KUKULSKI, LEVESQUE & SEVIGNY, 2011).

Existem quatro familias de ectonucleotidases: nucleosideo trifosfato

difosfoidrolases (NTPDases), nucleotideo pirofosfatases/fosfodiesterases (NPPs),
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fosfatases alcalinas e acidas (ALP e ACP, respectivamente) e a ecto-5'-nucleotidase
(CD73) (ROBSON et al., 2006; STEFAN et al, 2006; YEGUTKIN, 2008;
ZIMMERMANN, 2000, 2009). Essas enzimas diferem tanto em relacdo a
especificidade pelo substrato e sua hidrdlise, quanto em relagdo a sua localizagao
celular (KUKULSKI, LEVESQUE & SEVIGNY, 2011). Corroborando com a
importancia biolégica das  ectonucleotidases, doengas neurologicas,
cardiovasculares, inflamatérias e autoimunes tem sido associadas com alteragcdes
na atividade e/ou na expressao dessas enzimas, 0 que, em alguns casos, esta
ligado ao polimorfismo genético (KUKULSKI, LEVESQUE e SEVIGNY, 2011).

Em nosso laboratério, os estudos ja realizados demonstraram alteragées na
hidrélise dos nucleotideos da adenina em patologias como: diabetes (LUNKES et al.,
2003; SCHMATZ et al., 2009; ), cancer de mama (ARAUJO et al., 2005), cancer de
pulmao (ZANINI et al., 2012), artrite reumatoide (BECKER et al., 2010), esclerose
multipla (SPANEVELLO et al., 2010), hipercolesterolemia (DUARTE et al., 2007),
infarto agudo do miocardio (BAGATINI et al., 2008), cardiopatia isquémica
(BAGATINI et al., 2011), dentre outras (SCHETINGER et al., 2007).

A familia da NTPDase é composta por oito membros. NTPDase1,-2,-3 e -8
hidrolisam todos os nucleotideos que ativam receptores P2. Em contraste, as
NTPDases 4,-5,-6 e -7 estdo localizadas em organelas intracelulares e, a priori, ndo
participam do metabolismo dos nucleotideos extracelulares (ROBSON, SEVIGNY E
ZIMMERMANN, 2006) (Figura 2). Entretanto, as NTPDases 5 e 6 podem aparecer
na superficie celular ou ser secretadas no espaco extracelular como exoenzimas e,
sendo assim, poderiam regular a ativagdo de receptores dependentes de ADP, UDP
e UTP (BRAUN et al.,, 2000). Porém, essas duas enzimas possuem um km
relativamente alto e uma baixa atividade especifica, sugerindo que suas
contribuigbes para a hidrolise dos nucleotideos extracelulares sao limitadas
(KUKULSKI, LEVESQUE E SEVIGNY, 2011).
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Figura 2 - Membros da familia NTPDase.

FONTE: Robson et al. (2006), com adaptagoes.

A NTPDase1 (EC 3.6.1.5, conhecida também como CD39, apirase, E-
NTPDase1 e/ou ecto-NTPDase1) € uma proteina de membrana integral e
conservada que hidrolisa ATP e ADP em um modo dependente de cations para
gerar AMP. Constitui-se como a principal responsavel pelo término da ativagdo dos
receptores P2Y1,12,13 pois ela ndo permite a acumulacdo de ADP durante a
hidrélise do ATP (KUKULSKI, LEVESQUE & SEVIGNY, 2011). Essa enzima
também protege os receptores P2X1 e P2Y1 contra a dessensibilizagdo
(KAUFFENSTEIN et al., 2010). E formada por 510 aminoacidos e possui dois
dominios transmembrana, um pequeno citoplasmatico que contem uma porgao
amino terminal e seguimentos COOH-terminal e um dominio hidrofébico extracelular.
O dominio hidrofébico extracelular enzimaticamente ativo contém cinco regides
conservadas da apirase responsavel pelo nucleotideo. (KUKULSKI, LEVESQUE &
SEVIGNY, 2011).
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A NTPDase1 é inativa no compartimento citoplasmatico até sua localizagdo na
superficie celular, onde se torna cataliticamente ativa. Seu deslocamento para a
superficie ocorre por mecanismos dependentes de regifes lipidicas. A ecto-5'-
nucleotidase também tem sido observada na superficie de regides lipidicas em tipos
celulares diferentes, sugerindo a possibilidade de se co-localizar com a NTPDase1
para gerar eficientemente adenosina a partir de ATP e ADP (KANTHI et al., 2014).
Os mecanismos moleculares que regulam a expressado dessa enzima ainda sao
desconhecidos e sdo objeto de investigacdo em diversos grupos de pesquisa
(KANTHI et al., 2014). Entretanto, sabe-se que em condi¢gbes pro-inflamatorias a
liberagdo de IL-6 desencadeia um aumento na expressdo da CD39 nos linfocitos.
Em contrapartida, este aumento gera mais adenosina e consequentemente
desencadeia a supressdo das funcbes das células T efetoras CD4+ e CD8+
(CHALMIN et al., 2012).

Além disso, muitas condicbes estressoras tem sido associadas com a
diminuigéo da expressao da NTPDase1, incluindo citocinas pré-inflamatérias (IL-17 e
TNF-a) (HOT et al.,, 2013), estresse oxidativo e ativagdo de células endoteliais
(ROBSON et al.,, 1997). Em contraponto, um importante estudo conduzido por
Eltzschig et al. (2009) demonstrou um aumento na expressdo da NTPDase1 em
resposta a hipdxia. E interessante salientar que em condicdes de hipdxia forma-se
um meio propicio para a ativagdo do endotélio, rapidamente iniciando a cascata de
processos biossintéticos e de resposta ao estresse, incluindo a expressao de
moléculas de adesao celular e fatores pro-tromboticos, geragao de espécies reativas
de oxigénio (EROs) e liberagado de citocinas pré-inflamatérias (ELTZSCHIG et al.,
2009).

Com relacdo ao papel das NTPDses 2, 3 e 8 na circulagdo, observa-se que
elas promovem a ativacdo dos receptores de ADP devido a sua preferéncia pela
hidrélise do ATP e, dessa forma, propiciam um acumulo sustentado ou transitorio de
ADP na presenca de ATP. Entretanto, essas enzimas possuem expressao reduzida
nas células endoteliais e sanguineas (KUKULSKI, LEVESQUE & SEVIGNY, 2011).
Sendo assim, ainda ndao se tem informacdes conclusivas a respeito das suas
importancias relativas quanto as questdes inflamatorias e relacionadas a agregagao
plaquetaria (FOUNTAIN & BURNSTOCK, 2009; KUKULSKI, LEVESQUE &
SEVIGNY, 2011).
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A familia das E-NPPs (EC 3.1.4.1) consiste de sete membros (E-NPP1-7), mas
apenas a E-NPP1, 2 e 3 tem a capacidade de hidrolisar nucleotideos (STEFAN et
al., 2006). As E-NPPs hidrolisam o ATP diretamente a AMP, e, desta forma, podem
cancelar a sinalizac&do através dos receptores P2. Assim como as NTPDases, as E-
NPPs também encontram-se amplamente distribuidas no organismo (KUKULSKI,
LEVESQUE & SEVIGNY, 2011).

A familia da 5’-nucleotidase possui sete membros, seis citosolicos e uma ecto-
enzima, a ecto-5-nucleotidase (EC 3.1.3.5, também conhecida como CD73)
(YEGUTKIN, 2008). A principal fungao dessa enzima € a geragdo de adenosina
extracelular, a partir do AMP, sendo responsavel pela ativacdo dos receptores P1.
Essa ativacdo pode ser cancelada através da agdo das enzimas adenosina
desaminase (ADA) e purina nucleosideo fosforilase (PNP). Essas ultimas sao
responsaveis pela hidrolise da adenosina em inosina e hipoxantina (KUKULSKI,
LEVESQUE & SEVIGNY, 2011). A figura 3 apresenta a cascata de hidrolise de

nucleotideos e nucleosideo da adenina de forma resumida.

1
m 3 4
AT ADP ANMP = Ade = [he

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 -+ Inosina

Figura 3 - Cascata de ectoenzimas responsaveis pela hidrélise de nucleotideos de adenina e
adenosina.

FONTE: Yegutkin (2008), com adaptagdes.
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De suma importancia para o quadro hipertensivo esta a relacdo entre os
componentes do sistema purinérgico e os processos tromboticos (KAHNER et al.,
2005; DEAGLIO & ROBSON, 2011). A agregacédo plaquetaria € um processo
primario na formacédo do trombo, acompanhada pela deposi¢cao do fator tecidual e
geragdo de fibrina para estabilizar o trombo plaquetario. O acumulo inicial de
plaquetas é rapido, seguido de uma diminuigdo no tamanho do trombo, com um grau
de desagregacéao plaquetaria e estabilizagdo do mesmo (MOHEIMANI & JACKSON,
2012). Durante a ativagado, granulos plaquetarios se fundem com a membrana
plasmatica, liberando seu conteudo para o meio extracelular, incluindo o ADP
proveniente de granulos densos (DEAGLIO & ROSON, 2011).

A ativagéo plaquetaria culmina em mudanga na forma, agregacéo, liberagao de
conteudos granulares e geragdo de mediadores lipidicos. Esses mediadores geram
um mecanismo de feedback positivo potencializando a ativagao plaquetaria induzida
pelos agonistas fisiolégicos como colageno e trombina (KAHNER et al., 2006). Os
nucleotideos de adenina (ATP e ADP), liberados pelas células danificadas e que sédo
secretados pelos granulos densos das plaquetas, contribuem para esse mecanismo,
agindo através dos receptores na superficie das plaquetas. O ADP age através dos
receptores P1Y1 e P2Y12. O ATP age através do receptor P2X1. O estimulo das
plaquetas pelo ADP leva a mudanga no formato, agregagdo e geragdo de
tromboxano A2. A co-estimulagdo de ambos os receptores (P2Y1 e P2Y12) é
requerida para a indugdo da agregacao plaquetaria pelo ADP (KAHNER et al.,
2006), embora os ultimos estudos enfatizem que o receptor P2Y12 parece ter maior
influéncia quanto a ativagao plaquetaria (MOHEIMANI & JACKSON, 2012).

O estimulo do receptor P2X1 pelo ATP esta envolvido na mudanga do formato
das plaquetas e ajuda a ampliar as respostas mediadas pelos outros agonistas. A
ativagao dos receptores purinérgicos resulta em uma via de transdugao de sinal que
é importante na regulagéo da trombose e da hemostasia (KAHNER et al., 2005). Em
resposta a ligagdo do ADP ao receptor P2Y12, a subunidade Gia da proteina G,
através da inibicdo da PKA, ativa a fosfoproteina vasodilatadora (VASP). Ja, a
subunidade By da proteina G estimula a fosfatidil inositol 3 quinase (PI-3K) que
fosforila e ativa as atividades da Rap1b e Akt. Essas respostas levam a ativagao da
integrina. A ligagdo do ADP nos receptores P2Y1 gera a ativagao da fosfolipase A2
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(cPLA2) que ativa a geracao de tromboxano A2. Tanto a ativacdo dos receptores
P2Y1 quanto a ligagdo do ATP nos receptores P2X (principalmente o P2X1) gera
mobilizacéo e influxo de Ca?* e mudanga no formato das plaquetas. Além disso, a
ativagcao da cinase regulada por sinal extracelular (Erk) pelo ATP também atua na
ativagao do receptor de fibrinogénio e geragdo de tromboxano A2. Todos esses
fatores levam a ativagao plaquetaria e a estabilizacdo de agregados plaquetarios ja
existentes.

A figura 4 mostra o resumo do mecanismo de ativagéo plaquetaria gerado pelo
ADP e pelo ATP de acordo com o exposto por Kahner et al. (2005) e Moheimani e
Jackson (2012).

ADP ATP

l / PI-3K obnhzacao

2 = do Ca?*

e &« v O\

]

= VASP Raplb-GTP  Akt-P cPLA2 P

g \ l / v
Ati 30d | Mudanca de formato Erk

vacao da

Ativacao do receptor de
g : | . . S =
integrina fibrinogénio e geracdo /
l de tromboxano A2

Ativacado Plaquetaria e estabilizacdo de agregados plaquetarios |

Figura 4 - Viséo geral e simplificada sobre a sinalizagdo gerada pelo ADP e pelo ATP nas plaquetas.

FONTE: desenho criado pela autora de acordo com as proposi¢cdes de Kahner et al. (2005) e
Moheimani e Jackson (2012).
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Embora esses sinais bioquimicos sejam precursores da propagagéo do trombo,
muitos mecanismos néo estdo claros (DEAGLIO & ROBSON, 2011). O ADP ¢é
reconhecido como uma molécula pré-tromboética e a NTPDase1 tem sido identificada
em microparticulas e tem sido proposta como um possivel contribuinte para a
desagregacao plaquetaria por hidrolisar o ADP para regular o tamanho do trombo
(BANZ et al., 2008; DEAGLIO & ROBSON, 2011). Corroborando com a afirmacgéo
anterior, foi observado que microparticulas de camundongos nocaute para CD39
induzem uma resposta pro-trombdética e pro-inflamatéria em células endoteliais com
a expressdo aumentada de moléculas de adesio celular e liberagdo de TNF-alfa
acompanhada de diminuicao de mediadores anti-inflamatérios (BANZ et al., 2008).

Contrariamente a ideia de que baixos niveis da NTPDase1 estédo relacionados
ao aumento da inflamacgao e de processos trombadticos, em estudo recente, Visovatti
et al. (2012) observaram niveis elevados de CD39 em microparticulas de pacientes
com hipertensao pulmonar, doenga esta que se caracteriza pela presenca de
resisténcia vascular, trombose microvascular e inflamagdo. Os autores concluem
que mais estudos sao necessarios para elucidar se a superexpressdo da enzima
esta relacionada a patogénese da doenga ou a mecanismos de resposta
compensatéria.

Ainda, em diversos estudos realizados em nosso laboratério foi observado que
doencgas cardiacas com niveis aumentados de agregacgao plaquetaria e presencga de
inflamacdo parecem estar associadas a maior atividade das NTPDases
(SCHETINGER et al., 2007). Este fato tem sido atribuido a um possivel mecanismo
compensatério do organismo na tentativa de reduzir as injurias que podem ser
desencadeadas pela ativacédo das plaquetas devido as altas concentracbes de ATP
e ADP (pro-agregantes) (SCHETINGER et al., 2007; BAGATINI et al., 2011).

Em estudo realizado com pacientes hipertensos observou-se que a atividade
das ectonucleotidases apresenta-se aumentada provavelmente como uma forma de
mecanismo compensatorio para evitar possiveis complica¢gdes advindas da patologia
(LUNKES et al, 2003). Ja, em estudo realizado com ratos submetidos a
administracdo de L-NAME para a indugdo da hipertensdo, observou-se diminuigcao
na atividade das ectonucleotidases em plaquetas e o aumento da agregagao
plaquetaria (FURSTENAU et al., 2008), o que pode representar um risco adicional
para o desenvolvimento da hipertensdo e suas complicagcdes. Também em ratos, foi
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observado o aumento da atividade e da expressdo das ectonucleotidases em rins,
possivelmente como uma forma compensatéria para evitar danos renais maiores
advindos da patologia (FURSTENAU et al., 2010).

Além dos seus efeitos na agregacao plaquetaria, os nucleotideos sao potentes
mediadores inflamatérios, gerando vias de sinalizagdo purinérgica autécrina e
paracrina que regulam interagdes celulares e migracao leucocitaria (CHEN et al.,
2006). Sob condigcbes homeostaticas, a NTPDase1 é encontrada na maioria dos
mondcitos, neutréfilos e linfécitos B (BONNER et al., 2012). Em linfécitos T e em
células natural killer, sua expressao € baixa. Em condicbes de estresse,
especialmente quando existe uma resposta inflamatoria robusta, os linfocitos B
tornam-se a principal fonte de atividade das ectonucleotidases (BONNER et al.,
2012).

Considerando que a NTPDase1 modula as concentragdes extracelulares de
purinas mas é encontrada na superficie dos leucdcitos, os quais em contrapartida
migram em resposta a essas concentragdes, a NTPDase1 pode ser vista como um
auto-regulador da concentracdo de leucdcitos na corrente sanguinea. Em trabalho
desenvolvido por Hyman et al. (2009), foi observado que o influxo de neutréfilos e
macrofagos para o cérebro foi aumentado na auséncia da enzima apds a indugéo de
acidente vascular cerebral. Eles identificaram um novo mecanismo pelo qual o infuxo
de leucdcitos é auto-regulado pela NTPDase1 (HYMAN et al., 2009).

Além disso, atualmente muita atencdo tem sido direcionada para o papel da
NTPDase1 em contribuir para propriedades anti-inflamatérias das células T. As
propriedades imunomodulatérias das células T regulatérias (Treg) tem sido
atribuidas em parte a expressao da NTPDase1, resultando na degradacédo do ATP a
adenosina, a qual estimula os receptores A2a nas células T efetoras ativadas
culminando em imunossupressao (KANTHI et al., 2014). Além disso, a presenga da
NTPDase1 na superficie celular parece proteger as células T contra a apoptose
induzida pelo ATP e existe uma correlacdo positiva entre a atividade das
ectonucleotidases e a ativagao dos linfécitos (DOMBROWSKI et al., 1995; KANTHI
et al.,, 2014).

Além das questdes relacionadas ao sistema purinérgico, a inflamagéo, que
acompanha a hipertensdo, esta intimamente ligada a alteragcbes nos niveis
plasmaticos da molécula acetilcolina (ACh). Ha aproximadamente cem anos atras, a
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ACh foi proposta como o agente quimico responsavel pela transmissdo nervosa na
sinapse, a area de conexdo entre um neurdnio e sua célula alvo. Desde a
comprovagado de que a ACh exerce um papel fundamental no funcionamento do
sistema nervoso, a transmissdo colinérgica se tornou um dos campos de maior
importadncia para a neurociéncia. (ANGLADE & LARAH-GODINOT, 2010). A
histoquimica da sinapse colinérgica nasceu em 1949, quando Koelle e Friedenwald
localizaram a atividade da AChE in situ a partir de uma ACh artificial. A partir dai, os
outros componentes do sistema também foram caracterizados (ANGLADE &
LARAH-GODINOT, 2010).

Atualmente, sabe-se que o sistema colinérgico é principalmente composto
pela enzima colina acetiltransferase, a qual, a partir da acetil coenzima A e colina,
sintetiza a ACh. Uma vez sintetizada, a ACh é direcionada para dentro de vesiculas
sinapticas pelo transportador vesicular de ACh. Quando liberada na fenda sinaptica,
a ACh pode ser hidrolisada pela AChE e/ou agir em duas familias de receptores
denominados muscarinicos (acoplados a proteina G) e nicotinicos (dependentes de
canais ibnicos) (DEAN, 2009).

Diferentes formas da AChE existem em tipos celulares variados (Bl et al.,
2014), entretanto, sua expressdo € mais pronunciada no cérebro, nas células
vermelhas e nos leucdcitos (DAS, 2007). Existe ainda uma outra colinesterase,
chamada Butirilcolinesterase (BuChE) (também conhecida como “pseudo
colinesterase”). Esta € uma colinesterase néo especifica que hidrolisa outros ésteres
de colina além da ACh e esta principalmente presente no soro, pancreas e figado
(DAS, 2007). Ambas as enzimas possuem diversas fungdes celulares dependendo
de sua localizagao e expressao.

A ACh é conhecida por possuir agdes anti-inflamatorias e suprimir a produgao
de citocinas pro-inflamatérias (DAS, 2007; HARVEY, 2012). As vias de sinalizagao
colinérgicas anti-inflamatorias sdo mediadas principalmente pelos receptores da ACh
nos tecidos e nos macrofagos. Essas vias levam a diminui¢do da ativagdo do NF-KB
(fator nuclear kappa B), preservagao da localizagdo nuclear do grupo caixa 1 de alta
mobilidade (HMGB1) e diminuigdo da produgéo de citocinas pro-inflamatérias (DAS,
2007). Além disso, a ACh é capaz de inibir a sintese e liberagao de TNF-a, aumentar
a producgao de ON e, assim, exercer agbes anti-inflamatérias (PAVLOV & TRACEY,
2006; DAS, 2007).
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Estudos tem salientado a importancia da ACh como um modulador
inflamatorio e a medida das atividades das enzimas AChE e BuChE tem sido
descritas como marcadores fidedignos de inflamacéo sistémica de baixo grau (DAS,
2007). Das (2007), ao sugerir que as enzimas colinérgicas poderiam ser usadas
como marcadores inflamatorios, justificou sua proposigdo afirmando que existem
muitas evidencias concretas de que em condi¢cdes de inflamag&o de baixo grau, as
atividades da AChE e da BuChE estdo elevadas, degradando a ACh, que € uma
molécula anti-inflamatoéria. Estas proposi¢des foram confirmadas e reafirmadas em
estudos recentes desenvolvidos em nosso laboratério. Zanini et al. (2013), ao
estudar pacientes com cancer de pulmao, verificaram um aumento consideravel na
atividade da AChE em linfécitos, o que correlaciona-se com o estado inflamatério em
que os pacientes se encontram. Resultados semelhantes foram encontrados por
Battisti et al. (2009) em linfécitos e sangue total de pacientes com leucemia. Em
resposta a infecgao por parasita e em pacientes diabéticos, foi verificado o aumento
da atividade de ambas as colinesterases (DE BONA et al., 2011; COSTA et al.,
2012; WOLKMER et al., 2013). Estes estudos, corroborando com a proposta de DAS
(2007), revelam que quando as atividades das enzimas AChE e BuChE estédo
aumentadas ocorre a diminuicdo dos niveis da ACh, e, consequentemente a
reducao das agdes anti-inflamatodrias exercidas por esta molécula.

Assim, atividades aumentadas das colinesterases medidas em plasma,
linfocitos e/ou soro indiretamente refletem niveis reduzidos de ACh que, em
contrapartida, ira aumentar os eventos inflamatorios sistémicos devido a auséncia do
controle de feedback negativo exercido pela ACh. Até o presente momento, ndo se
tem conhecimento se os niveis dessas enzimas estido elevados mesmo quando
outros marcadores inflamatérios como PCR, IL-6 e TNF-alfa ainda n&o estao
elevados, como, por exemplo, na resisténcia a insulina, hiperlipidemia e hipertensao
(DAS, 2007).

Em ampla revisao sobre os receptores muscarinicos, Harvey (2012) evidencia
a importancia da ACh nas fungdes cardiovasculares. Nas células endoteliais, a ACh,
agindo através dos receptores M3 e M5, estimula a atividade da fosfolipase C (PLC)
através da proteina Gqg. A subsequente producgéo de Inositol-1,4,5- trifosfato (IP3)
age no receptor IP3 (IPsR) no reticulo endoplasmatico para liberar Ca**. O aumento
no calcio citosodlico ativa a eNOS levando a producédo de ON, o qual se difunde para
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as células musculares lisas, onde ele estimula a guanilil ciclase soluvel a produzir
cGMP. A proteina-cinase G (PKG) ativada pelo cGMP promove o relaxamento. Ja,
nas células lisas musculares vasculares, a ACh, através dos receptores M1 e/ou M3
estimula a producdo de IP;dependente de PLC e a subsequente liberagdo de Ca?*
do reticulo endoplasmatico. Isto resulta na ativacdo da cinase dependente de
calmodulina e Ca** (CAmKII) que ativa a quinase da miosina de cadeia leve (MLCK),
a qual promove contragdo (HARVEY, 2012) (Figura 5). Mesmo possuindo respostas
opostas, a sinalizagdo endotelial e o consequente relaxamento dos vasos
sanguineos se sobressai, sendo fundamental para o funcionamento cardiovascular
(HARVEY, 2012). Além disso, diversos estudos mostram que as respostas
vasodilatadoras da ACh encontram-se marcadamente reduzidas em individuos com
doencgas cardiovasculares (VIRDIS et al., 2010). Na hipertensdo, a redugao dos
niveis da ACh configura-se como um fator adicional para o aumento da pressao
sanguinea (HARVEY, 2012).
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Figura 5 - Vias de sinalizagdo muscarinicas na vasculatura.

FONTE: Harvey (2012), com adaptagoes.
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Este efeito de relaxamento da vasculatura desencadeado pela ACh é
claramente observado durante a pratica de exercicios fisicos. O exercicio aumenta a
atividade colinérgica com o consequente aumentos nos niveis de ACh circulantes
que induzem relaxamento vascular e maior expressdo de eNOS (DAS, 2007).

O exercicio fisico aerébico moderado tem sido reconhecido como um dos
coadjuvantes no tratamento e na prevencédo de doengas cardiovasculares, como a
hipertensdo (HUMPHREY e BARTELS, 2001; PACE, 2001; BRIFFA & BRIFFA,
2002; WARBURTON et al.,, 2006; HACKAM et al., 2010). O exercicio fisico &
definido como qualquer atividade fisica praticada de forma sistematizada, que
mantém ou aumenta a aptidao fisica em geral, podendo ser usado desde a
promogdo da saude até a melhora da performance fisica. A razdo da pratica de
exercicios inclui os beneficios tanto na aptiddo fisica relacionada a saude
(resisténcia cardiorespiratéria, forga/resisténcia muscular e flexibilidade), quanto na
aptiddo fisica relacionada a performance (resisténcia cardiorespiratoria,
forca/resisténcia  muscular, flexibilidade, agilidade, poténcia, velocidade,
coordenacao e equilibrio) (GUEDES & GUEDES, 2005).

A intensidade, o volume e a frequéncia do exercicio exercem papel-chave na
determinacdo das respostas a um esforco e devem variar de acordo com a
capacidade do sujeito e com o objetivo deste (GUEDES & GUEDES, 2005; GOMEZ-
CABRERA et al., 2008). Embora haja atualmente um grande incentivo para a pratica
de exercicios fisicos, é importante ressaltar que o sedentarismo ainda se configura
como o FR modificavel predisponente para doengas crdnicas que possui maior
prevaléncia quando comparado aos demais (tabagismo, dieta, etc...) (WARBURTON
et al., 2006).

Os individuos inativos fisicamente, mesmo que sem presenga de patologias,
estdo propensos a maior produgcdo de marcadores inflamatérios como a PCR
(GLEESON et al., 2011). O sedentarismo leva ao acumulo de gordura visceral e isto
€ acompanhado da infiltragdo de células imunes pro-inflamatoérias no tecido adiposo
e aumento da liberagdo de adipocitocinas e o desenvolvimento de um estado
inflamatorio sistémico de baixo grau. Este quadro futuramente pode se configurar
como um prognéstico para doengas cardiovasculares (PEDERSEN et al., 2006).

Os efeitos benéficos do exercicio fisico regular e moderado tém sido descritos
desde as décadas passadas (GOMEZ-CABRERA et al., 2008). Existem evidéncias
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irrefutaveis sobre a efetividade da atividade fisica regular na prevencéo primaria e
secundaria de diversas doencgas crbénicas, como diabetes, cancer, obesidade,
depressao, osteoporose, doengas cardiovasculares e hipertensdo, além de morte
prematura (WARBURTON et al., 2006; GOMEZ-CABRERA et al., 2008; GLEESON
etal., 2011).

Dentro dos mecanismos deste tipo de prevengao/tratamento esta relacionada
a modulacéao do perfil lipidico, através da diminuicdo dos niveis de colesterol e LDL e
aumento nos niveis de HDL, diminuicdo do percentual de gordura intra-abdominal,
modulag¢des no estado redox da célula e, de suma importancia, o exercicio exerce
papel anti-inflamatério em decorréncia as adaptagdes ao treinamento (GUEDES &
GUEDES, 2005; WARBURTON et al., 2006; GOMEZ-CABRERA et al., 2008;
PASCHALIS et al., 2010; GLEESON et al., 2011).

A modulagao do perfil lipidico através do exercicio fisico se da através de uma
maior demanda muscular por lipideos como fontes energéticas tanto no momento da
atividade quanto na recuperagdo para a regeneragdao das fibras musculares
(HERZBERG, 2004; PASCHALIS et al., 2010). Durante o exercicio fisico, ha uma
maior atividade da lipoproteina lipase, o que, em ultima instdncia aumenta a
degradacao de triglicérides e a mobilizagao de acidos graxos de diversas fontes.

De acordo com Herzberg (2004), o fato de o exercicio aerdbico ser
relacionado com a reducido do risco de doencas cardiovasculares deve-se pelo
menos parcialmente por mudangas na circulagdo de lipoproteinas resultantes de
mudancas adaptativas nas enzimas envolvidas no metabolismo lipidico.
Acompanhando essa redugéo na massa gorda (principalmente a visceral), observa-
se a reducgao na liberagdo de adipocitocinas, o que configura um dos mecanismos
anti-inflamatérios relacionados a pratica regular de exercicios fisicos (GLEESON et
al., 2011).

Em recente trabalho de revisdo, Gleeson et al. (2011) apontam para outros
dois mecanismos anti-inflamatérios decorrentes da pratica regular de exercicio
fisicos, que sdo: aumento da producao e liberagdo de citocinas anti-inflamatérias a
partir das células do musculo esquelético (moléculas denominadas “miocinas”) e
expressao reduzida de Toll-like receptors (TLRs) em mondcitos e macréfagos. Este
ultimo, configura-se como o fator responsavel pelas respostas sistémicas

observadas, como a inibicdo da producéo de citocinas pro-inflamatérias, diminuicao
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dos niveis de PCR e inibicao da expresséao de MHC e moléculas co-estimulatérias
(GLEESON et al., 2011).

Tendo conhecimentos dos beneficios do exercicio, € crescente o numero de
individuos que procuram esta pratica como um meio alternativo para o tratamento de
doencas crénicas e promog¢ao da saude. Diversos estudos relatam que o exercicio
aerobico moderado tem sido eficaz quanto a redu¢ado da PA e da FC de repouso € 0
tipo de exercicio a ser realizado parece nao ter influéncia quanto a esse resultado
(BRIFFA & BRIFFA, 2002; FAGARD & CORNELISSEN, 2007, CHRYSANT, 2010).

Os mecanismos responsaveis pela reducdo da pressdao, em individuos
hipertensos, promovidos pelo exercicio moderado aerdbico parecem estar
relacionados com a redugdo na resisténcia vascular periférica, na qual o sistema
simpatico e o sistema renina-angiotensina parecem estar envolvidos (O’'SULLIVAN &
BELL, 2000; FAGARD & CORNELISSEN, 2007). Além disso, foram observados
como beneficios do exercicio moderado a redugcdo na atividade simpatica
cardiovascular (IZDEBSKA et al., 2004), redugéo no débito cardiaco (KINOSHITA et
al., 1988; HAGBERG et al., 1989), além do aumento dos niveis de ON, através da
indugéo da enzima 6xido nitrico sintase (MAEDA et al., 2004).

Diversos estudos relatam a diminuigdo da pressao sanguinea em decorréncia
do exercicio fisico regular tanto em humanos quanto em animais. Com relagdo aos
modelos experimentais de hipertenséo, o condicionamento fisico foi capaz de reduzir
eficientemente a pressdo sanguinea em ratos espontaneamente hipertensos
(TIPTON et al., 1991; VERAS-SILVA et al., 1997), ratos com hipertensao induzida
através da dieta rica em sal (NaCl) (SHEPHERD et al., 1982), ratos com hipertensao
induzida através da administragcdo cronica de acetato de deoxicorticosterona
(FREGLY, 1984), ratos com hipertensdo induzida através da manipulagdo de
artérias renais (MARCUS & TIPTON, 1985) e ratos com hipertensdo induzida
através da administragdo de L-NAME (HUSAIN, 2002; KURU et al., 2002; KURU et
al., 2009).

Com relacédo aos efeitos do exercicio sobre a funcédo renal na hipertensao,
observa-se que ainda nao existem dados conclusivos. A maioria dos estudos
apontam uma correlagao positiva entre o nivel de condicionamento fisico, diminui¢ao

da pressao sanguinea e baixos niveis séricos de acido urico (medida usada tanto

46



como marcador inflamatério quanto de dano renal) (TRAPE et al., 2013; NETO et al.,
2013).

Dentre os numerosos efeitos do exercicio, € importante ressaltar que,
atualmente, os estudos tem direcionado a atencédo para os efeitos do treinamento
fisico sobre a funcdo endotelial. Em ampla revisdo realizada por Skrypnik et al.
(2014), observou-se que a atividade fisica regular reduz em até 70% a inflamagéo,
corroborando com o descrito por Gleeson et al. (2011) sobre os efeitos anti-
inflamatorios da pratica regular de exercicios. Em importante estudo realizado por
Ryan et al. (2014) verificou-se uma clara relagdo entre a reducdo da presséo
sanguinea e a redugao dos niveis de marcadores inflamatorios como a PCR e outras
moléculas de adesao celular.

E importante frisar que os efeitos benéficos advindos dessa pratica ocorrem
nao durante uma sessdo aguda de exercicio, mas sim em decorréncia das
adaptagcdes que ocorrem no organismo cronicamente, ou seja, apds diversos
estimulos agudos (GLEESON et al., 2011; DALY et al.,, 2014; SKRYPNIK et al.,
2014). No momento do exercicio, ocorrem muitas alteragbes metabdlicas, a maioria
delas decorrentes das contragdes musculares e da maior demanda por O, exigida
para o suprimento energético correto, ou seja, maior produgédo de ATP é necessaria
para a atividade ATPasica dos filamentos de actina e miosina que compdem as
fibras musculares (GUEDES & GUEDES, 2005; GLEESON et al., 2011).

Dessa forma, os efeitos agudos do exercicio podem ser compreendidos como
deletérios ao organismo, pois envolvem dano tecidual, liberagdo de citocinas proé-
inflamatorias e aumentos nos marcadores inflamatorios classicos. Esses fatores
estao relacionados a maior produgcao de EROs (JACKSON, 2000). Essa produgao
de EROs e o consequente dano tecidual resultantes do exercicio agudo ocorrem
principalmente devido ao fluxo maior de oxigénio intracelular que causa o aumento
da atividade da cadeia de transporte de elétrons na mitocondria (JACKSON, 2000).

Estes eventos pro-oxidantes estdo ligados as alteragbes pro-inflamatorias
decorrentes do exercicio. Mais especificamente, estudos recentes apontam para o
fato de que durante uma sessdo de exercicios, ocorre o aumento dos niveis
circulantes de IL-6 proveniente das células do musculo esquelético (GLEESON et
al., 2011; SLATTERY et al., 2014) . Com o exercicio prolongado, estes niveis podem

aumentar mais de 100 vezes, mas aumentos mais modestos ja sdo observados em
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exercicios de curta duragcdo (GLEESON et al., 2011). Entretanto, com o exercicio
cronico, observa-se o0 aumento dos niveis circulantes de IL-10 e do antagonista dos
receptores de IL-1, citocinas anti-inflamatérias. Segundo Steensberg et al. (2003),
este aumento de citocinas anti-inflamatorias é proveniente do aumento agudo da IL-
6.

De acordo com o exposto acima, compreende-se que as alteragdes pro-
inflamatorias que ocorrem através de estimulos agudos sdo responsaveis pelo
fortalecimento na capacidade anti-inflamatéria do organismo a longo prazo. Isto
porque os estimulos gerados durante o exercicio atuam como sinais para o aumento
na concentracdo de moléculas anti-inflamatérias (GLEESON et al., 2011). Sendo
assim, € possivel afirmar que o exercicio aerébico moderado, quando realizado por
um longo prazo, tem a capacidade de atuar como um evento anti-inflamatério.

Entretanto, € importante notar que os mecanismos moleculares diretos e
indiretos pelos quais o exercicio influencia a fungdo imune ainda precisam ser
melhor esclarecidos. Neste sentido, considera-se imprescindivel a investigagao de
sistemas adjacentes relacionados a inflamag&o, como € o caso dos sistemas
purinérgico e colinérgico.

A relagado entre a pratica de exercicios e o sistema purinérgico configura-se
como um campo de pesquisa novo e que necessita ser melhor compreendido. Até o
momento, existem muitas informacdes existentes sobre o papel do ATP e da
adenosina na regulagéo do fluxo sanguineo em resposta ao exercicio (GORMAN &
FEIGL, 2012), mas pouco se sabe a respeito do papel das ectonucleotidases neste
processo, € ha uma grande lacuna na literatura com relagcédo as adaptagdes crbnicas
advindas da pratica regular de atividades fisicas no sistema purinérgico.

Com relagédo ao exercicio agudo, artigos recentes salientam o papel do ATP
liberado pelas células vermelhas como sendo fundamental na vasodilatagao
(GORMAN & FEIGL, 2012). O fluxo sanguineo, quando o musculo esquelético esta
se contraindo, € regulado principalmente para suprir os tecidos com oxigénio de
acordo com sua utilizacdo, ou o mais préoximo disso que for possivel para o
organismo. As células vermelhas, principais carreadoras de O; no sangue,
contribuem para a regulagao dos processos locais de suprimento e demanda por Ox.
Isto é realizado possivelmente pela habilidade das células vermelhas em liberar
ATP, que, ligando-se aos receptores P2 nas células endoteliais funciona como uma
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substancia vasoativa em resposta a reducédo do O, no plasma e nos eritrocitos
(ALONSO, 2012). Além da baixa concentracédo de O, as células vermelhas liberam
ATP quando expostas a outros estimulos como o “shear stress” (que significa o
estresse mecanico/de cisalhamento gerado pelo aumento do fluxo sanguineo)
aumentado e deformagdes mecanicas, condicbes que também ocorrem na
microcirculagdo do musculo esquelético ativo (ALONSO, 2012).

ApoOs a ligagdo do ATP aos receptores purinérgicos expressos no endotélio
das microveias e nas células musculares lisas, ele estimula a sintese de ON,
prostaglandinas e do fator hiperpolarizador derivado do endotélio (EDHF) e
possivelmente outros sinais vasoativos. A ativagdo da eNOS e da via do acido
araquiddnico [que leva a formagao das prostaglandinas e prostaciclinas (PGl;) e
4cidos eicosatriensicos (Ac E)] se deve principalmente ao aumento da concentragéo
de calcio intracelular. Nas células musculares lisas, essas moléculas sao
responsaveis por ativar o monofosfato de guanosina-3’,5’-ciclico (cGMP), o qual
pode promover o aumento dos niveis de monofosfato de adenosina-3’,5’-ciclic
(AMPc) através da inibicao da fosfodiesterase Il (a qual degrada o AMPc), gerando
o relaxamento vascular (Figura 6) (ALONSO, 2012; HELLSTEN et al., 2012).
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Figura 6 - Digrama esquematico ilustrando como o ATP derivado dos eritrécitos contribui para o

suprimento de O, as células musculares ativas.

FONTE: Alonso (2012), com adaptagoes.

Esse ATP liberado também pode ser degradado pelas ectonucleotidases
endoteliais (especialmente a NTPDase1 e a ecto-5-nucleotidase) para formar a
adenosina. Esta, por sua vez, tem a habilidade de se ligar aos receptores P1 e
exercer os mesmos efeitos do ATP, induzindo a vasodilatagdo (HELLSTEN et al.,
2012).

Durante a ativacdo muscular, observa-se ainda, que a ACh também funciona
como vasodilatador e, através da ativacdo dos receptores M3 e M5 nas células
endoteliais, desencadeia as mesmas respostas observadas com relacdo ao ATP e a
adenosina (HELLSTEN et al., 2012). A sinalizagao pelos receptores purinérgicos P2
e P1 e pelos receptores colinérgicos M3 e M5 nas células endoteliais ativa o influxo
de calcio e liberagdo do mesmo de vesiculas citoplasmaticas. A partir dai, diversas
vias de sinalizagdo sao ativadas e ocorre o aumento de substancias vasoativas
como AcE, EDHF, ON e PGI,. Principalmente PG1, e ON s3o responsaveis pela
ativacao de AMPc e cGMP, respectivamente. Essas moléculas geram o efeito de

vasodilatacao nas células musculares lisas vasculares (FIGURA 7).
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Figura 7 - Desenho esquematico da acdo do ATP, da adenosina e da ACh sobre seus respectivos

receptores nas células endoteliais.

FONTE: Hellsten et al. (2012), com adaptagdes.

O ATP e a adenosina sdo mediadores de sinal interessantes para a regulagéo
do fluxo sanguineo do musculo esquelético ndo apenas porque ele age como um
potente vasodilatador, mas também em funcdo de suas propriedades simpaticas
(ALONSO, 2012; HELLSTEN et al., 2012). Estas propriedades sao essenciais para
conter os efeitos vasoconstritores concorrentes, provenientes do aumento da
atividade nervosa simpatica no musculo e de outras substéncias vasoconstritoras
que circulam durante o exercicio.

A comparagao das propriedades vasoativas relativas do ATP sugere que o
ATP intravascular exerce seus efeitos vasodilatadores e simpaticos diretamente e
nao através de seus produtos (ROSENMEIER et al., 2008). Entretanto, a maioria
dos estudos continua pontuando a adenosina como um dos principais responsaveis
pela indugéo da vasodilatagao (HELLSTEN et al., 2012).

Alteragdes nas funcgdes plaquetarias e aumento nas concentragdes de ADP

também foram encontrados em resposta ao exercicio agudo (YEGUTKIN et al.,,
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2007). Singh et al. (2006) analisaram a reatividade das plaquetas em resposta a
uma sessao de exercicio agudo moderado em sujeitos treinados e sedentarios. Os
autores observaram que ambos o0s grupos tiveram um aumento na agregagao
plaquetaria, mas esta foi mais pronunciada em individuos sedentarios, o que aponta
para risco de evento cardiovascular em resposta a sessdo aguda de exercicio em
individuos sedentarios que ja tenham alguma preé-disposi¢cao as DCV.

De maior relevancia, o estudo acima referido reforca o fato de que,
cronicamente, o exercicio fisico € capaz de produzir adaptagdes plaquetarias que
geram a redugao de sua ativagao, sendo, dessa forma, cardioprotetor (SINGH et al.,
2006). Entretanto, até o presente momento, ndo ha relatos na literatura sobre
possiveis efeitos do exercicio fisico aerobico moderado sobre as fungdes
plaquetarias e a atividade das ectonucleotidases na hipertensao.

Levando-se em conta que durante o exercicio, existe uma grande liberagéo
de ATP por parte das células vermelhas e o ATP funciona como um sinal de dano
(causando ativacado de linfécitos), isto pode favorecer o desencadeamento das
respostas pro-inflamatorias verificadas durante uma sessao de exercicio (produgao
de IL-6, por exemplo).

Por outro lado, tendo em vista que o exercicio gera um aumento da atividade
colinérgica e maior liberacdo da ACh, e esta molécula é conhecida por ter agbes
anti-inflamatérias e suprimir a produgéao de citocinas pro-inflamatérias (DAS, 2007),
este efeito agudo do exercicio em aumentar a produgdo de moléculas pro-
inflamatdrias ndo seria esperado. Entretanto, esta claro na literatura que o exercicio
agudo, em intensidade moderada e/ou intensa, produz efeitos pré-inflamatérios
(GLEESON et al., 2011). Dessa forma, especula-se que mesmo que a ACh esteja
sendo liberada em maior quantidade, no momento do exercicio ela pode estar
agindo apenas nas células endoteliais para induzir o relaxamento vascular e nao
esta exercendo suas acgdes nos linfocitos.

O que fica claro a partir das proposigdes ja descritas € que muitos
mecanismos estado implicados nos efeitos do exercicio fisico sobre o organismo.
Existe uma diferencga entre as respostas agudas e crénicas que sao, em sua maioria,
opostas. Observa-se, claramente, que o envolvimento dos sistemas purinérgico e
colinérgico sao imprescindiveis para estas respostas e que as adaptagdes benéficas
relativas a pratica regular de exercicio fisicos moderados é dependente do
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envolvimento desses sistemas. O mesmo pode se concluir com relagdo aos
nucleotideos de adenina, a adenosina e a acetilcolina na hipertensdo. Estas
moléculas possuem papéis fundamentais nas respostas geradas pela patologia e
seus desequilibrios podem contribuir para as complicagdes advindas da mesma,
embora isto ainda nao esteja claro na literatura.

Desta forma, observa-se que as enzimas responsaveis pela hidrélise dessas
moléculas e que, consequentemente regulam os niveis destas, possuem papel
chave na manutencdo e regulacdo das respostas por elas produzidas, sendo
fundamentais quando se analisa as condigdes fisiologicas e patofisiologicas relativas
a esses sistemas.

Tendo em vista que a hipertensdo € acompanhada de alteragdes em
marcadores inflamatorios sistémicos, e, dessa forma, pode estar relacionada a
mudancgas nas atividades das ectonucleotidases e colinesterases em componentes
sanguineos, e que o exercicio fisico pode ter um papel modulador sobre estas
variaveis, torna-se importante o estudo dos mecanismos patofisioloégicos desta
doenca e a possivel contribuicdo do exercicio fisico no controle da mesma, como

uma forma de tratamento ndo-medicamentoso.
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2. OBJETIVOS

2.1 Objetivo geral
Verificar o efeito do exercicio fisico sobre a atividade de enzimas dos
sistemas purinérgico e colinérgico em sangue, bem como sobre a agregagao

plaquetaria, em ratos com hipertensdo induzida através de administragdo de L-
NAME.

2.2 Objetivos especificos

» Analisar, em ratos com hipertensdo induzida através da administragdo de L-
NAME, o efeito de seis semanas de natagao sobre:

e Os parametros hemodinamicos (pressao arterial sistdlica e frequéncia
cardiaca).

* A atividade das enzimas NTPDase, E-NPP, ecto-5-nucleotidase e ADA em

plaguetas, bem como sobre a agregagao plaquetaria.

* A atividade das enzimas NTPDase e ADA e a expressao da enzima NTPDase1

em linfocitos.

* A atividade das enzimas AChE em linfocitos e sangue total e BuChE em soro.

* O perfil lipidico (colesterol total e triglicerideos) e os niveis de marcadores
inflamatoérios em soro (PCR, MPO e acido urico).
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» Analisar o efeito agudo de uma sess&o de natagcdo sobre a atividade das
enzimas NTPDase e ADA em plaquetas e linfocitos, E- NPP e ecto-5'-
nucleotidase em plaquetas, AChE em linfécitos e sangue total e BUChE em

soro de ratos saudaveis.
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Abstract In this study, we investigated the effect of
6 weeks of swimming training on the ecto-nucleotidase
activities and platelet aggregation from rats that deve-
loped hypertension in response to oral administration of
L-NAME. The rats were divided into four groups: control
(n = 10), exercise (n = 10), L.-NAME (n = 10), and
exercise L-NAME (n = 10). The animals were trained five
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times per week in an adapted swimming system for 60 min
with a gradual increase of the workload up to 5 % of
animal’s body weight. The results showed an increase in
ATP, ADP, AMP, and adenosine hydrolysis, indicating
an augment in NTPDase (from 35.3 + 8.1 to 53.0 +
15.1 nmol Pi/min/mg protein for ATP; and from21.7 + 7.0
to 46.4 £ 15.6 nmol Pi/min/mg protein for ADP as
substrate), ecto-5'-nucleotidase (from 8.0 £ 5.7 to
28.1 £ 6.9 nmol Pi/min/mg protein), and ADA (from
0.8 £0.5 to 3.9 £ 0.8 U/L) activities in platelets from
L-NAME-treated rats when compared to other groups
(p <0.05). A significant augment on platelet aggregation in
L-NAME group was also observed. Exercise training was
efficient in preventing these alterations in the exercise
L-NAME group, besides showing a significant hypotensive
effect. In conclusion, our results clearly indicated a protector
action of moderate intensity exercise on nucleotides and
nucleoside hydrolysis and on platelet aggregation, which
highlights the exercise training effect to avoid hypertension
complications related to ecto-nucleotidase activities.

Keywords Hypertension - .-NAME - Ecto-nucleotidases -
Platelet aggregation - Exercise training

Introduction

Currently, hypertension affects more than 1 billion adults
worldwide and 90-95 % of these patients have essential
hypertension [1]. This disease is considered an independent
risk factor for stroke, myocardial infarction, heart failure,
and arterial aneurysm, besides being the leading cause of
chronic renal failure [2].

It is well established that nitric oxide (NO) produced in
the vascular endothelial cells shows a potent vasodilator
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effect [3] and plays an important role in the local regulation
of platelet—vessel wall interactions as well as in vascular
resistance and growth [4]. On the basis of these effects, NO
has been proposed to have antihypertensive, antithrom-
botic, and anti-atherosclerotic properties [3].

The chronic inhibition of NO produces volume-depen-
dent elevation of blood pressure and its physiological and
pathological characteristics resemble essential hyperten-
sion [5]. Several studies have administered in vivo an
inhibitor of nitric oxide biosynthesis, the No-nitro-L-argi-
nine methyl ester hydrochloride (L.-NAME), which is an
L-arginine analog, to induce hypertension in rats [6-8].

Extracellular nucleotides and nucleosides released by
platelets in vasculature have an important participation in
the regulation of thrombus formation, being some of the
most important blood molecules involved in the regulation
of blood flow [9, 10]. Platelet aggregation can be described
as having a central role in hypertension complications and
ADP released by platelets is a molecule that exhibits a
potent induction of this phenomenon, even in micromolar
concentrations. On the other hand, adenosine, which is the
final product of ATP hydrolysis, plays an important role in
the purinergic metabolism, inhibiting platelet aggregation
and exerting a reduction of the vascular injury [9]. ATP
seems to have a dual role in the induction and/or inhibition
of platelet activation, i.e., at low concentrations, ATP can
induces platelet aggregation, whereas at high concentra-
tions, it can inhibits such situation [11, 12].

Recent studies [7, 8] and works developed by our group
[13, 14] have correlated alterations in extracellular nucleo-
tides and nucleosides and hypertension, suggesting that the
purinergic system is altered in this pathology. Moreover, it is
important to underline that these extracellular molecules are
important signaling that mediate diverse biological and
pathological processes in several tissues as already demon-
strated by our research group [15-18]. This way, the levels of
these molecules must be carefully controlled.

The importance of adenine nucleotides in homeostasis
and thrombosis is greatly correlated with the essential role of
an enzymatic system that provides an adequate control of
these signaling molecules in the vascular system. This
complex is composed by the enzymes NTPDase (nucleoside
triphosphate diphosphohydrolase), that hydrolyzes ATP and
ADP to AMP [20]; E-NPP (nucleotide pyrophosphatase/
phosphodiesterase) that converts 5'-phosphodiester bonds in
nucleotides and their derivatives producing AMP [21]; ecto-
5'-nucleotidase, that hydrolyzing AMP produces adenosine
[10, 19]; and, ecto-adenosine deaminase (ADA) that con-
verts adenosine to inosine and is described as the lastenzyme
in the purinergic cascade, having an important role in the
regulation of platelet activation [22].

People exercise daily to maintain good cardiovascular
health. Many people with cardiovascular diseases are

@ Springer

engaged in organized group exercise rehabilitation pro-
grams or pursue individual exercise with or without med-
ication [23]. However, the effects of physical training on
ecto-nucleotidase activities in platelets are still unknown,
although it has been recently evidenced that when red
blood cells are exposed to a low oxygen tension environ-
ment, as in an exercise session, they release ATP and its
metabolites, and there is the involvement of nucleotidases
in this process as a way to control blood flow [24]. Indeed,
the information available about exercises, mainly their
chronic effects, and ecto-nucleotidases is very scarce,
highlighting the importance of this study.

According to what was described above, the enzymes
E-NTPDase, E-NPP, ecto-5"-nucleotidase, and ADA are
present on the surface of intact platelets [7, 19] and their
activities are altered in hypertension [7]. On the other hand,
physical exercise is recognized by having hypotensive
effects and it has been hypothesized that it could contribute
to the ecto-nucleotidase modulation in favor of maintaining
good cardiovascular health. This way, in this study we
investigated the ecto-nucleotidase activities in the platelets
of rats that developed hypertension in response to the oral
administration of L-NAME and the effect of physical
exercise on ecto-nucleotidase activities of these hyperten-
sive rats comparing with normotensive control animals
and normotensive exercised animals. Moreover, we
investigated changes in the ecto-nucleotidase activities
after an acute single bout of swimming in order to explain
exercise chronic alterations.

Materials and methods
Chemicals

The substrates ATP, ADP, AMP, p-nitropheny! thymidine
5'-monophosphate (p-Nph-5'-TMP), adenosine, as well as
Trizma base, sodium azide HEPES, L-NAME, and Coo-
massie brilliant blue G were obtained from Sigma Chem-
ical Co (St. Louis, MO, USA) and bovine serum albumin,
K,HPO,, from Reagen (Colombo, PR, Brazil). All the
other chemicals used in this experiment were of the highest

purity.
Animals

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 £ 1 °C) on a
12 h light/dark cycle with free access to food and water.
All animal procedures were approved by the Animal Ethics
Committee from the Federal University of Santa Maria
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Table 1 Swimming protocal,

with training time from Istto ook Manday Tuesday Wednextay Thursday Friday
66 week held from Monday © 20 min. 30 min. 40 min. 50 min 60 min.
Fn‘hy wo wo wo wo wo
2nd 40 min 50 mun. &) min 60 min. &) min.
2% bw 2% bw 2% bw 2 % bw 2 % bw
3nd 40 min. 50 min. ) min. 60 min. ) min.
5 % bw 5 % bw 5% bw 5 % bw 5 % bw
4, 5th, 6th 60 min. 60 min. ) min. 60 min. ) min.
we Wihaat cvacand, Sw bady 5 % bw 5 % bw 5% bw 5 % bw 5 % bw

weight (n = 10 to each group)

(protocol under number: 029/2011). All protocols are in
accordance with the guidelines of the Colégio Brasileiro de
Experimentagio Animal (COBEA), based on the Guide for
the Care and Use of Laboratory Animals (National
Research Council) and all efforts were made to minimize
the number of animals used in this study and their
suffering.

Experimental protocol

Rats were randomly divided into four groups, nommoten-
sive (Control), normotensive plus exercise (Exercise),
hypertensive (1-NAME), and hypertensive plus exercise
(Exercise 1L-NAME). In the hypertensive groups, hyper-
tension was induced by the oral administration of the nitric
oxide synthase (NOS) inhibitor t-NAME (30 mg/kg
bodyweight/day) (7] by gavage dunng all experiment
(1-NAME-treated groups). In the normotensive groups,
the animals received water by gavage throughout the entire
experiment to be submitted to the same stress (control
groups). These mts were cuthanized 24 h after the last
exerase session [25] and blood was collected by cardiac
puncture.

Exerise protocol

Swimming was the exerase chosen for this study. The
protocol used was according to the protocols adapted from
Medeiros et al. [26] and Gobatto et al. [27] as follows.

Swimming protocol

All rats were adapted to water before training beginning.
The adaptation was to keep the animals in shallow water at
31 +1°C (26, 27] for 5 days, with duration of 1 h. This
procedure was performed in the same time of the day. The
adjustment reduces stress, without, however, promoting
adaptations to the training.

The animals were trained five times per week in an
adapted swimming system with water heated to 31 = 1 °C
for 6 weeks with duration of 60 min. The workload

(weight on the back) was gradually increased up to S % of
the animal’s body weight (Table 1).

According to Medeiros et al. [26], this protocol is
regarded as tmining of modemte intensity and long dura-
tion, and it is effective in promoting cardiovascular adap-
tations and increased muscle oxidative capacity.

The sedentary animals were placed in shallow water,
heated to 31 £ 1 °C, 30 min, 5 days a week to be sub-
jected to the same stress, however, without suffering the
effects of physical training.

Acute exercise protocol

With the purpose to complement the work and explain
chronic changes in ecto-nucleotidase activities, we aimed
to verify changes in these enzymes due to an acute bout of
exercise. A number of ten healthy normotensive rats were
randomly divided into two groups: a group which should
remain a rest (n = 5) and a group which was submitted to
an adaptation training week before the swimming test. In
the swimming scssion test rats performed 6) min of
swimming with 5 % animal’s body weight workload
(weight on the back). Rats were killed immediately after
the acute swimming test, blood was collected and platelets
were scparated to further analysis.

Hemodynamic parameter determination

In all rats, systolic blood pressure (SBP) and heart rate
(HR) were measured in awake animals, by tail-cuff pleth-
ysmography (Kent Scientific; RTBP1001 Rat Tail Blood
Pressure System for rats and mice, Litchfield, USA). Rats
were conditioned with the apparatus before measurements
were taken. SBP was recorded at the end of experiment
(last treatment week). The heart rate values were derived
from the pulsations detected by SBP.

Platelet prepamtion
Platelet-rich plasma (PRP) was prepared by the method of
Lunkes et al. [28] with the following minor modifications.
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Total blood was collected by cardiac puncture with
0.120 M sodium citrate as anticoagulant. The total blood-
citrate system was centrifuged at 160xg during 15 min.
After this, onc part of PRP was used for determine
platelet aggregation. The rest of PRP was centrifuged at
1,400xg for 30 min and washed twice with 3.5 mM
HEPES buffer, pH 7.0, containing 142 mM NaCl, 2.5 mM
KCl, and 55 mM glucose. The platelet pellets were
resuspended in HEPES buffer and used to determine
enzymatic activitics.

NTPDase and ecto-5'-nucleotidase activity
determination

As described by Lunkes et al. [28], the NTPDase measure
was peformed in a medium containing 5 mM CaCl,,
100 mM NaCl, 4 mM KCl, 5 mM glucose, and 50 mM
Trs—HCl buffer, pH 7.4, at a final volume of 200 pL. The
ecto-5'-nucleotidase activity was camried out as previously
described by Lunkes et al. [28] to measure AMP hydro-
lysis. However, the 5 mM CaClz was replaced by 10 mM
MgCl, to perform the assay. The enzyme activities were
expressed as nmol Pi released/min/mg of protein. In brief,
20 pL of the enzyme prepamtion were added to the reac-
tion 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
concentration final of 2 mM. The time of incubation was
60 min. Both enzyme assays were stopped by the addition
of 200 pL 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. [29] using
malachite green as the colorimetric reagent and KH,PO, as
standard. Controls were carried out to correct for non-
enzymatic hydrolyses of nucleotides by adding enzyme
preparation after TCA addition.

E-NPP activity determination: measurement
of p-Nph-5'-TMP hydrolysis in platelets

As previously desaribed by Fiirstenau et al. [19], the Ecto-
nucleotide  pyrophosphatase/phosphodiesterase  (E-NPP)
determination was measured using p-nitrophenyl §'-thy-
midine monophosphate (p-Nph-5'-TMP) as substrate and
was expressed as nmol of p-nitrophenol released per min-
ute per milligram of protein (nmol p-nitrophenol released/
min/mg protein). The reaction medium containing 50 mM
Tris-HCl buffer, 120 mM NaCl, 5.0 mM KCl, 60 mM
glucose, and 5.0 mM CaCl,, pH 89, was preincubated
with approximately 20 mg per tube of platelet protein for
10 min at 37 °C in a final volume of 200 mL. The enzyme
reaction was started by the addition of p-Nph-¥-TMP at a
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final concentration of (.5 mM. After 80 min of incubation,
200 mL NaOH 0.2 N 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
cocfficient of 18.8 x 10~ /M/cm.

Adenosine deaminase activity determination (ADA)

ADA activity determination was performed as described by
Guisti and Galanti [22] which is based on the direct mea-
surement of the formation of ammonia, produced when
adenosine deaminase acts in excess of adenosine. In brief,
50 pL of platelets reacted with 21 mmol/L of adenacsine,
pH 6.5, and was incubated at 37 °C for &) min. The protein
content used for the platelet experiment was adjusted to
between (1.7 and 0.9 mg/mL. Results were expressed in
units per liter (U/L). 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.

Platelet aggregation test

Sample was prepared according to Yun-Choi et al. [30].
The preparation of platelet-rich plasma (PRP) was obtained
as previously desaribed. After, the remained was once
more centrifuged for 15 min at 2,000xg, to obtain the
platelet poor plasma (PPP). A platelet count was performed
in the PRP and it was adjusted to 300 x 10° platelets/mL.,
by dilution with PPP, obtaining the platclet equalized
plasma (PEP).

For ex vivo platelet aggregation, the Born and Cross
[31] technique was performed by turbidimetric measure-
ment with a Chrono-log optical aggregometer, with
AGGRO/LINK™ Model 810-CA software for Windows
vemsion 5.1. After calibmtion of the aggregometer, the mts
data concerning the assays and reagents were entered on a
computer coupled to the equipment, and the test was then
performed. Aggregation was measured at 37 °C and
expressed as the maximal percent change in light tmans-
mittance from bascline at 5 min after the addition of the
agonist adenosine diphosphate (ADP) 10 and 5 pM, with
platelet poor plasma as a reference.

Protein determination

Protein content was measured by the Coomassic blue
method according to Bradford [32], using bovine serum
albumin as the standard. This assay is based on the binding
of the dye Coomassic blue G-250 to protein, and this
binding is accompanied by measuring the absorbance
maximum of the solution at 595 nm.
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Statistical analysis

Data are presented as mean + SD and were analyzed
statistically by two-way ANOVA, followed by Duncan's
multiple range test. For comparison of the two groups of
acute protocol, was used student £ test. Differences between
groups were considered to be significant when p < 0.05.

Results

In this study, the oral administration of L-NAME by gavage
was assocated with a significant rise in SBP when com-
pared with the control groups, validating the hypertensive
model. On the other hand, we could observe that exercise
clearly possesses hypotensive effect, reducing significantly
SBP in the exerise 1-NAME group (Fig. 1).

No difference was observed in the food and water
consumption after the administration of 1-NAME among
the experimental groups (data not shown). Mareover, the
heart rate, expressed as cycles per minute (cpm), remained
unchanged in the L-NAME-treated group and in the exer-
cised groups compared with the respective control group.
However, although not statistically significant, we could
observe that in the exercised groups, heart rate values were
lower than the control and L-NAME-treated groups, which
was an expected result (Table 2). Regarding body weight
(BW), no difference was observed among the experimental
groups (data not shown).

Results obtained for NTPDase and ecto-5'-nucleotidase
activities in platelets are shown in Fig. 2. As can be

Systolic Blood Pressure

100 1IN
&
06‘

v’;& 'vf
&

Fig. 1 Final systolic blood pressure (SBP) measurements of control
group, exercise group, L-NAME group, and exercise L-NAME group.
SBP was followed = described in materials. Data are presented =
mezn + SD. Groups with different letters are statitically different
(p < 005, n = 10 to each group)

Table 2 Heart rate values of control group, exercise control group,
L-NAME group, and exercise L-NAME group

Caontrol LNAME  Exercie

L-NAME

Exercise

Heart rate (opm) 469+ 57 435+ 47 481 £56 452 £ 51

Results are presented & mean + SD (n = 10 © each group)

observed, ATP, ADP, and AMP hydrolysis were signifi-
cantly increased in the L-NAME-treated group when
compared with the control groups and exerised L-NAME
group (p < 0.05) (Fig. 2a-c). However, it is interesting to
note that exercise per se had the ability to increase ADP
hydmolysis in the exercise group and decrease ADP
hydmolysis in the exermise L-NAME group (Fig. 2b).
Regarding acute effect of a single bout exercise (Fig. 2d),
we observed a significant rise in ATP, ADP, and AMP
hydmolysis (p < 005).

Figure 3 shows ADA activity on chronic treatment
(Fig. 3a) and acute exercise session (Fig. 3b). An increase
in the ADA activity was observed in L-NAME-treated
group when compared with other groups (p < 0.05) and
swimming training was cfficient in keeping the activity of
this enzyme in levels close to nommotensive groups
(Fig. 3a). An acute bout of exercise clearly results in a
significant rise in the ADA activity (Fig. 3b, p < 0.05).

Regarding E-NPP activity, no significant changes could
be observed. However, there is an indicative that the E-NPP
activity had an increase in the L.-NAME-treated group when
compared with other groups and that the exercise could
prevent this, although these values did not reach significant
levels (Fig. 4a). As aresult of an acute bout of swimming, we
also observed just an indicative of a nse in the E-NPP
activity, but without statistic relevance (Fig. 4b).

Results obtained for platelet aggregation are shown in
Fig. 5. As can be observed, there is a significant augment in
platelet aggregation related to L-NAME-treated group at
the two different concentrations of ADP (Fig. 5a, b), which
was prevented by exervise in exerase L-NAME group.

Discussion

Several studies have shown the beneficial effects of regular
physical activity in reducing the elevated blood pressure
in both human [1, 33] and animal hypertension models.
Regarding experimental models of hypertension, physical
training was efficient in reducing blood pressure in sponta-
necously hypertensive rats [34], Dahl salt-sensitive and salt-
resistant mats [35], deoxycorticosterone acetate (DOCA)-
induced hypertension [36], hypertension due to manipula-
tion of kidney arteries [37), and hypertension induced by
L-NAME administration [6, 38, 39].
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Fig.2 a NTPDwse (ATP), b NTPDae (ADP) and ¢ ecto-5"
nucleatidsse (AMP) activities in platelets of control group, exercise
group, LNAME group, and exercise L-NAME group. Data are

presented & mean + SD. Groups with different letters sre ststig-
cally different (p <005, n =10 to exch group). d Eco-5-

Encouraging regular physical exercise has been recom-
mended by health professionals to maintain good cardio-
vascular fitness and prevent or treat hypertension. For
the evaluation of tmining-related effects in hypertension
models, several kinds of exercise protocols have been
applied. Regularly performed acrobic exerdses signifi-
cantly reduce the high blood pressure in mts with sponta-
ncous hypertension [36, 40] and in rats with hypertension
induced by 1-NAME administration [6, 38, 39] comobo-
rating our results obtained with rats performing 6 weeks of
swimming protocol, which comesponds to a modemte
acrobic exercise.
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nuckotilae (AMP), NTPDases (ATP and ADP) activities in plate lets
of rats ot rest and afier anacute bout of exercise. Data are presented =
mean + SD. *Mean difference between each mucleatide hydrolysis
(p <005, n= 35 toexch group)

The beneficial effects of physical exerdses on hyper-
tension have been explained by severl pathways, includ-
ing, for example, an increase in the nitric oxide production,
which has a vasodilatation effect [41]. However, until now
there are no studies proposing to assess ecto-nucleotidase
activities, even noting that these enzymes are known as
having cardioprotector effects [10]. This way, this is the
first study that aimed to evaluate the ecto-nucleotidase
activities related to exercise benefits in hypertension.

Ecto-nucleotidases are enzymes that have an interesting
role in thromboregulation mechanisms. Alterations in their
activities have been verified in vanous studies from our
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Fig. 3 a Adenosine deaminase (ADA) activity in platelets of control
group, exercise group, L-NAME group, and exercise L-NAME group.
Dats are presented = mean + SD. Groups with different lefters are
sautically different (p < 005, a = 10 © eaxch group). b Adencsine
deaminase (ADA) activity in platelets of rats ot restand after anacute
bout of exercise. Dats are presented & mean + SD. *Mean difference
between nuclesile hydrolysis (p <005, a =5 to each group)

group [34], suggesting that they could be important phys-
iological and pathological parameters of several patholo-
gies, including hypertension [ 14].

Regarding 1-NAME-induced hypertension in mts, it has
recently been demonstrated that ecto-nucleotidase activi-
tics are altered and a decrease was found in these enzyme
activities 7] after 15 days of L-NAME administration. In
contrast, our results showed an increase in the NTPDase
and ecto-¥-mucleotidase activities in L-NAME treated rats
after 60 days treatment in ATP, ADP, and AMP hydrolysis.
These differences between studies could be related to the
duration of 1-NAME administration, since our study had a
long-term duration when compared to Fiirstenau et al. [7]
study. Furthermore, is important to highlight that in
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Fig 4 a ENPP activity in plate lets of control group, exercise group,
L-NAME group, and exercise L-NAME group (n = 10 toeach group).
b E-NPP activity in platelets of rats at rest and after an acute bout of
exercise (n= 10 © each group). Deta are presented & mean + SD

Fiirstenau et al. (7] study, they found a decreased in purine
levels and suggested a compensatory mechanism of endo-
thelial NTPDase 1 that could be activated in order to justify
the depletion of ADP and AMP levels. This information
can help us to clarify why in our study platelet ecto-
nucleotidases are activated. With the prolonged time of
L-NAME administration, these platelet enzymes, in
L-NAME-treated rats of our study, can be doing the same
role as endothelial NTPDase 1.

In this line of thought, we suggest that a compensatory
mechanism of NTPDase (ATP and ADP) and ecto-5'-
nucleotidase in platelets could be acting concerning the
development of hypertension in the 1-NAME group.
Since ATP and ADP hydmolysis favors adenosine pro-
duction, a rapid hydmolysis of these nudeotides is
beneficial to hypertension control because of the vaso-
dilatation and the inhibition of platelet aggregation
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Fig. 5 Platelet aggregation profile of control group, exercise group,
L-NAME group, and exercise L-NAME group. Platelet aggregation
was evalusted by using ADP &t concentrations of 5 and 10 pM =
agonist (graphs a and b, respectively). The results are expressed =
percentage of aggregation. Groups with different letters are tatnt-
cally different (p < 005, a = 10 to each group)

propertics of adenosine. Consequently, the organism
could be avoiding thrombotic processes by compensatory
ADP depletion and adenosine production.

Other point that has to be highlighted is that platelet
aggregation also can be regulated by the NTPDase 1
present in vasculature. This enzyme has a great importance
in controlling vascular tone and hydmolyzing circulating
nucleotides asit faces the blood circulation [42). According
to Sevigny et al. [42], vascular NTPDase 1 abrogates
platelet aggregation by depleting ADP and, this way, pre-
cludes the activation of specific ADP receptors in platelets,
such as P2Y1 and P2Y12. Thus, NTPDasc 1 present in
vasculature and in platelets can be acting together to avoid
hypertension complications. As such, further studies are
necessary in order to clarify the induction maised here.
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E-NPPs are another group of enzymes that participate in
the cascade of nucleotide hydrolysis resulting in the pro-
duction of mxleotide monophosphate. It is made up of
three members (NPP1-3) responsible for the conversion of
cyclic AMP to AMP, ATP to AMP, and ADP to AMP and
responsible for hydrolyzing §'-phosphodiester bonds in
nucleotides and their derivatives, having both purines and
pyrimidines as substmtes [19, 21].

In our study, no significant changes were found
regarding the E-NPP activity, even though a little tendency
could be observed in favor of its activation in 1-NAME-
treated rats. From this trend, we could speculate that the
same compensatory mechanism of NTPDase (ATP and
AMP) could be acting, and the E-NPP activity could be
statistically activated if rats stayed more time in this
pathological condition. An increase in the E-NPP activity
may lead to an increase in AMP levels, which can be
hydmolyzed by ecto-5"-nucleotidase action into adenosine
[12].

However, the ADA activity in 1-NAME-treated rats is
augmented, i.c., the same adenosine formed as a compen-
satory mechanism to avoid hypertension complications is
being hydrolyzed and will probably not exert its effects.
This could be understood because in hypertension there is a
predisposition to thrombus formation [14]. There is an
intrinsic cell-cell interaction between platelets, neutro-
phils, erythrocytes, and endothelial cells in this kind of
complication [43]. This way, it would not be fair to say that
the enhancement in platelet NTPDase activity could totally
avoid thrombus formation, since the augment on ATP and
ADP hydmolysis could not be sufficient to prevent this
action in the microenvironment of such pathological
condition.

Adenosine is involved in thrombaoregulation, which is a
process ar group of processes by which circulating blood
cells and cells of the vessel wall interact to regulate or inhibit
thrombus formation [43]. As we sec through the great
increase inthe ADA activity and, consequently, the decrease
in adenosine levels, thromboregulation did not ocaur effi-
ciently in L-NAME-treated rats, which can be a great factor
of hypertension development observed in this study.

Reinforcing this line of reasoning, we investigated
platelet aggregation. We observed an increase in the
platelet aggregation in hypertensive rats at different con-
centrations of ADP as agonist. Since adenosine plays an
important role in the purinergic metabolism inhibiting
platelet aggregation and exerting a reduction of vascular
injury [9], this increase in platelet aggregation observed in
L-NAME-treated rats can be explained by the probable
absence of adenosine levels in consequence of ADA acti-
vation. Even adenosine levels were not measured in this
study, the strong activation of ADA allows us to infer that
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the amount of adenosine is diminished in 1-NAME-treated
rats, this way, contributing to the platelet activation.

Regarding exemrise effects in L-NAME-treated mats, a
protector action of moderate intensity exercise (swimming)
in ecto-nucleotidase activities could be clearly observed,
since in the L.-NAME-exercised group, NTPDase (ATP and
ADP), ecto-S-mucleotidase, E-NPP, and ADA activitics
kept similar to control group. We have to underline the
cffect of exerdse on the adenosine hydrolysis, leaving a
larger amount of extracellular adenosine available in the
middle, which can explain the prevention of platelet
aggregation in the L-NAME-exercised group. These find-
ings confirm the great protector of exercise training effects
to avoid hypertension complications.

With the purpose of complementing the work and
explaining chronic changes in ecto-nucleotidase activities,
we verified changes in these enzymes due to an acute bout
of exercise (Figs. 2d, 3b, 4b). Some studies [24, 44, 45]
have shown that during exercse, red blood cells may
control coronary blood flow by releasing ATP in arcas of
low oxygen tension caused by increased myocardial oxy-
gen extraction. This increase in ATP and its metabolite
(ADP, AMP, and adenosine) concentrations in the blood-
stream, although being released by erythrocytes, may
explain the rise in ecto-nucleotidase activities as a result of
a single bout exercise found in our work, since these
enzymes are present on the surface of platelets and prob-
ably are in contact with mxleotides released from red cells.

A study developed by Yegutkin et al. [46] is the unique
that have assessed changes in platelet ecto-mxleotidase
activities in response to an acute exercise. They showed
that strenpous exercise significantly augments platelet
activity via transient ADP release, producing acute pro-
thrombotic responses. In contrast, our study indicated an
augment in the whole nucleotide hydrolysis, including
ADP. These differences on findings probably are related to
the intensity of exerdses, suggesting that ecto-nucleotida-
scs, regarding moderate exercise, respond differently from
ecto-mxcleotidases regarding strenuous exercise.

As reported before, chronic exercise in hypertensive rats
prevented ecto-nucleotidase alterations, platelet aggrega-
tion and reduced blood pressure in the L-NAME-exerdsed
group. It is reasonable to assume that the augment of the
ecto-nucleotidase activities as a result of an acute exercise
can produce an adaptation by the organism, ic., with
several exerdse sessions ecto-mucleotidases became pre-
pared to receive an exercise stimulus. This way, they keep
with low activity when the organism is at rest as showed by
our results, probably because low ATP is being released
from red cells or other sources [24] in an organism already
adapted to training as in our study. However, this possible
mechanism is encouraged to be more investigated in fur-
ther studies.

It is interesting to note that exercise per se was able to
increase NTPDase (ADP) activity on normotensive rats.
Since NTPDase (ADP) activity is augmented, it means that
more ADP is being hydrolyzed [10] and it could explain
one of the training mechanisms on tromboregulation. Since
less concentration of ADP is in the microenvironment and
ADP is the most important molecule that pursues pro-ag-
gregant action, the platelet aggregation occurs in low
intensity [10, 13]. This training effect could be understood
as onc of the main protector actions of swimming in
L-NAME-treated rats.

In conclusion, our study suggests that modemte exercise
training prevents ecto-nucleotidase alterations in platelets
of rats that developed hypertension in response to oml
administration of L-NAME, probably for the adaptation of
these enzymes to stimuli caused by the exercise sessions
that can modulate ecto-nucleotidase activities and inhibit
platelet activation, highlighting the great protector exercise
training effects to avoid hypertension complications.

This modulation can be involved in the hypotensive
effect of exerise and the mechanisms of this link are
encouraged to be investigated in further studies.
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3.2 Manuscrito

A natacao previne alteragcdes na atividade das ecto-NTPDases e da adenosina
desaminase em linfécitos de ratos com hipertensao induzida através da
administragcao de L-NAME

Swimming training prevents alterations in ecto-NTPDase and
adenosine deaminase activities in lymphocytes from L-NAME-

induced hypertension rats

Andréia Machado Cardoso, Fatima Hussein Abdalla, Margarete Dulce Bagatini, Caroline Curry
Martins, Daniela Zanini, Roberta Schmatz, Jeandre Augusto Jaques, Daniela Bitencourt Leal,
Vera Maria Morsch, Maria Rosa Chitolina Schetinger

Este manuscrito foi submetido para a revista “Journal of Hypertension” e
encontra-se em revisao.

68



Title Page

Swimming training prevents alterations in ecto-NTPDase and adenosine deaminase
activities in lymphocytes from L-NAME-induced hypertension rats

Andréia Machado CARDOSO', Fatima Hussein ABDALLA', Margarete Dulce BAGATINFE,
Caroline Curry MARTINS', Daniela ZANINI', Roberta SCHMATZ', Jeandre Augusto
JAQUES3, Daniela Bitencourt LEAL', Vera Maria MORSCH', Maria Rosa Chitolina
SCHETINGER'

! Post-Graduation Program in Toxicological Biochemistry, Center of Natural and Exact
Sciences of the Federal University of Santa Maria - Santa Maria / RS — Brazil

? Collegiate of Nursing, University of Southern Frontier, Chapecé Campus — SC- Brazil.

> Center of Biological and Health Science of the Federal University of Mato Grosso do Sul —

Campo Grande/MS - Brazil

Short title: Exercise prevents inflammatory process in hypertension
Support: CAPES, CNPq

Contflict of Interest:

It is an academic work and there is no conflict of interest.
Corresponding authors:

Andréia Machado Cardoso

Maria Rosa Chitolina Schetinger

Word count: 6.276
Number of Tables: 2

Number of figures: 3

69



CONDENSED ABSTRACT

Six weeks of swimming training were able to prevent alteration in lymphocytic
purinergic system enzymes in hypertensive rats (P< 0.05) and keep the blood pressure in the
same level of normotensive group. Exercise per se was associated with a decrease in the
expression of ecto-NTPDasel in lymphocytes (-23.4%, P< 0.05). Exercise was also efficient
in preventing the rise in classic inflammatory markers observed in hypertensive group (P<
0.05). This work highlighted the link between purinergic signaling and inflammatory process
and suggests a novel mechanism in which moderate aerobic exercise possesses the potential

to attenuate inflammation caused by hypertension.
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INTRODUCTION

Essential hypertension is an important public health challenge because of its high
prevalence, which is estimated to increase to 29% by the year 2025 [1]. This disease
represents a major risk factor for stroke, myocardial infarction, heart failure, aneurysm of the
arteries and chronic kidney disease, being associated with a shortened life expectancy [1].

Is well established that a chronic low-grade inflammation accompanies hypertension
[2] and subsets of lymphocytes have been implicated in the pathogenesis of this disease and
vascular remodeling [2]. The activation of lymphocytes and other immune cells can be
regulated by purinergic signaling [3]. Nucleotides such as ATP, ADP and AMP, adenosine,
the enzymes that degrade these nucleotides as well as its receptors are the main components
of purinergic system [3, 4, 5]. The ATP that is released from damaged tissues and dying
cells is recognized by the specifics purinergic receptors as a danger signal that elicits a variety
of inflammatory responses [4, 5]

Following its release into the extracellular space, ATP can be rapidly hydrolysed in a
stepwise manner to ADP and AMP by ecto-NTPDases (ectonucleoside triphosphate
diphosphohydrolase) family. After, AMP produced can be converted into adenosine by the
action of adenosine deaminase (ADA) [6]. These enzymes are expressed on immune cells
cellular membrane [3].

ATP has a major role in elicit immune responses while adenosine has a major role in
suppressing it [3]. T cells express many members of the P2X, P2Y and P1 receptor families,
and ecto-NTPDasel is the most expressed ectonucleotidase [3]. Thus, the complex network of
enzymes that regulates the ligand availability for P1 and P2 receptors has a central role in
defining the immune responses in different tissues [7,8] and the activity of ecto-NTPDases
and ADA are particularly important for the balance between the pro and anti-inflammatory
effects of released cellular ATP [3].

Moreover, is well known that hypertension development can comes accompanied by
changes in lipid profile [7, 8] and classic inflammatory markers, such as myeloperoxidase
enzyme (MPO) [9], C-reactive protein (CRP) [8] and uric acid [10]. The augment in MPO
activity has been considered one of the most important markers of inflammation in several
pathologies [9].

Physical training has been highlighted as the major lifestyle change responsible to
cardiovascular health improvement. One of the mainly effects as a coadjuvant in the

hypertension treatment is related to its anti-inflammatory properties [11, 12]. The reduction in
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visceral fat mass, increased production and release of anti-inflammatory cytokines and
reduced expression of Toll-like receptors (TLRs) on monocytes and macrophages have been
described as the possible mechanisms responsible for the anti-inflammatory effects of
exercise [12].

We have recently evidenced that there is a modulation in ectonucleotidase activities in
platelets in response to chronic and acute exercise [13]. Furthermore, in a low oxygen tension
environment, as in an exercise session, red cells release ATP and its metabolites, and there is
the involvement of nucleotidases in this process as a way to control blood flow [14]. Indeed,
the effects of physical training on ectonucleotidase activities and expression in lymphocytes
are still unknown, highlighting the importance of this study.

Studies have reported the relation between hypertension and alterations in platelets
ectonucleotidases and adenosine deaminase activities [15, 16, 17] and in kidney
ectonucleotidases activities [18]; and we have recently shown the great potential of exercise
in preventing alterations in platelets ectonucleotidases in hypertensive rats [13]. However, the
relationship between hypertension and purinergic system in lymphocytes as well as the
possible contribution of physical training in this context remains unknown.

Considering the importance of purinergic system in modulating immune functions and
that exercise is being considered one of the major lifestyle changes that contributes to the
cardiovascular health, in this study we investigated the effect of chronic swimming training
on purinergic system enzymes activities related to inflammatory process, as well as in lipid
profile and classic inflammatory markers. The study was conducted with rats that developed
hypertension in response to the oral administration of Nw-Nitro-L-arginine methyl ester
hydrochloride (L-NAME). Moreover, in order to explain and clarify exercise chronic
alterations, we investigated acute changes in purinergic enzymes activities after a single bout

of swimming
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MATERIALS AND METHODS
Chemicals

The Nw-Nitro-L-arginine methyl ester hydrochloride (L-NAME), Coomassie Brilliant
Blue G, nucleotides and Trizma base were obtained from Sigma Chemical Co (St. Louis, MO,
USA). Ficoll-Histopaque (Lymphoprep™) was purchased from Nycomed Pharma (Oslo,
Norway). Ecto-NTPDasel mouse monoclonal antibody was obtained from eBioscience
(Anti-rat Ecto-NTPDasel polyclonal antibody). Laemmli sample buffer and polyvinylidine
difluoride (PVDF) membrane were obtained from Bio-Rad Laboratories. The bovine serum
albumin was obtained from Reagen (Colombo, PR, Brazil). All other reagents used in the

experiments were of analytical grade and the highest purity.

Animals

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 (231 °C) on a 12 h light/dark cycle with free access to
food and water. All animal procedures were approved by the Animal Ethics Committee from
the Federal University of Santa Maria (protocol under number: 029/2011). All protocols are in
accordance with the guidelines of the Conselho Nacional de Controle de Experimentagdo
Animal (CONCEA) and all efforts were made to minimize the number of animals used in this

study and their suffering.

Experimental protocol

Rats were randomly divided into four groups: normotensive (Control), normotensive
plus exercise (Exercise), hypertensive (L-NAME) and hypertensive plus exercise (Exercise L-
NAME). In the hypertensive groups, hypertension was induced by the oral administration of
the nitric oxide synthase (NOS) inhibitor (L-NAME). L-NAME administration via includes
drinking water, gavage and subcutaneous via. Although most of the works induce
hypertension through drinking water, Ribeiro et al. [19] observed that average dairy water
intake per box was 26% lower in L-NAME-treated rats than in controls. This way, we chose
gavage administration to be sure on the dose ingested by rats and to be sure all rats were
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receiving the same dose. In addition, despite of hypertension induction, high doses [19, 20] or
long term administration [21] of L-NAME may induce severe proteinuria and renal injury.
This way, we decided to use a medium dose as used by Furstenau et al. (30 mg/kg/day) [15]
and at relative medium time [13, 22], understanding that our rats would become hypertensive
but the renal injury would happens and not be too deleterious. L-NAME administration
started one week before the exercise protocol and lasted throughout the experiment [13]. In
the normotensive groups, the animals received water by gavage throughout the entire
experiment to be submitted to the same stress (control groups). These rats were euthanized 24
h after the last exercise session [13, 22]. Blood was collected by cardiac puncture (further

described).

Exercise Protocol

Swimming was the exercise chosen for this study. The use of swimming rats as a
model of exercise presents advantages over treadmill running, since swimming is a natural
ability of the rats and it avoids the selection of animals, which is necessary in experimental
protocols using treadmill running. Furthermore, the animals are not likely to suffer from foot
injuries and physical trauma. An additional advantage is that swimming provides a uniform
type of physical activity with the use of ankle and flexor muscles [23]. The protocol is

described bellow, according to our previous works [13,22].

Swimming Protocol

All rats were adapted to water before training beginning. The adaptation was to keep
the animals in shallow water at 31 £ 1°C [13] for 5 days, with duration of 1h. This procedure
was performed always at the same time, between 10:00 and 12:00 a.m. The adjustment
reduces stress, without, however, promoting adaptations to the training.

Animals were trained 5 times per week in an adapted swimming system with water
heated to 31 £ 1°C for 6 weeks with duration of 60 min, performed always between 10:00 and
12:00 am. The training tank used for this study was 80 cm in length, 50 cm in width and 90
cm in depth [13]. The workload (weight on the back) was gradually increased up to 5% of the
animal's body weight (Table 1).
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Sedentary animals were placed in shallow water (5 cm in depth), heated to 31+1°C, for
60 min, 5 days a week without the work load (5% of body weight) to be subjected to the same

stress, however, without being submitted to the effects of physical training.

Acute Exercise Protocol

With the purpose to complement the work and explain chronic changes in
ectonucleotidase activities, it was aimed to verify changes in these enzymes due to an acute
bout of exercise. A number of 10 healthy normotensive rats were randomly divided into 2
groups: a group which should remain at rest (n=5) and a group which was submitted to an
adaptation training week before the swimming test. In the swimming session test rats
performed 60 min of swimming with 5% animal’s body weight workload (weight on the
back). Rats were killed immediately after the acute swimming test, blood was collected, and

lymphocytes were separated to further analysis.

Hemodynamic parameter determination

In all rats, systolic blood pressure (SBP) was measured in awake animals, by tail-cuff
plethysmography (Kent Scientific, RTBP1001 Rat Tail Blood Pressure System for rats and
mice, Litchfield, USA). Rats were conditioned with the apparatus before measurements were

taken. SBP was recorded at the end of experiment (last treatment week).

Blood Collection

Twenty-four hours after the last swimming session, the animals were previously
anesthetized with halothane and submitted to euthanasia. Halothane was administered by
inhalation, by the closed technique, in a dose of 0.5%, according to Halothane bull (Tanohalo
1:1mL; CRISTALIA Produtos Quimicos Farmacéuticos LTDA) adapted to rats. The animals
were kept in a closed chamber, becoming an environment saturated with anesthetic, for
approximately 2 minutes [22]. The exact time spent in the chamber depended on the clinical
signs of each animal. Blood was collected by cardiac puncture in tubes with EDTA as
anticoagulant, for lymphocytes and plasma separation. Tubes without anticoagulant were used

to obtain serum. Immediately after, the rats were killed by decapitation.
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Isolation of mononuclear cells

Mononuclear leukocytes were isolated from blood collected with EDTA and separated

on Ficoll-Histopaque density gradients as described by Boyum [24].

Ecto-NTPDase activity determination

After lymphocyte isolation, ecto-NTPDase activity was determined as described by
Leal et al. [25] where the reaction medium contained 0.5 mmol/L CaCl,, 120 mmol/L NaCl, 5
mmol/L KCI, 6 mmol/L glucose and 50mmol/L Tris—HCI buffer at pH 8.0, with a final
volume of 200 pL. Twenty microliters of the intact mononuclear cells suspended in saline
solution were added to the reaction medium (2-4 pg of protein) and pre-incubated for 10 min
at 37 °C and incubation proceeded for 70 min. The reaction was initiated by the addition of
substrate (ATP or ADP) at a final concentration of 2.0 mmol/L and stopped with 200 pL of
10% trichloracetic acid (TCA). The released inorganic phosphate (Pi) was assayed by the
method of Chan et al. [26] using malachite green as colorimetric reagent and KH2PO4 as
standard. Controls were carried out by adding the enzyme preparation after TCA addition to
correct for non-enzymatic nucleotide hydrolysis. All samples were run in triplicate and the

specific activity is reported as nmol Pi released/min/mg of protein.

Western blot of protein ectonucleoside triphosphate diphosphohydrolasel (ecto-
NTPDasel)

Electrophoresis was performed using 12% polyacrylamide in a Bio-Rad Mini-Protean

IIT apparatus. For Western blotting assays, peripheral blood lymphocytes were lysated inside
microtubes containing an extraction buffer (50 mM Tris HCL, | mM EDTA, 1 mM PMSF, pH
7,5), glass pearls and vortexed for a minute, twice, on ice. Samples were centrifuged at 10,000
g for 20 min at 4°C. The protein present in the supernatant, determined by colorimetric assay
(Bradford, 1976), was diluted (1:1, v:v) in the Bio-Rad Laemmli sample buffer (62.5 mM Tris
HCI, pH 6,8; 25% glycerol, 2% SDS, 0,01% Bromophenol Blue) and then loaded (10 ug) and
size-separated in 15% sodium dodecylsulphate polyacrylamide gel electrophoresis (SDS-
PAGE, 100V). The running buffer used contained 25 mM Tris, 192 mM glycine, and 0,5%
SDS. The proteins were blotted onto a polyvinylidine difluoride (PVDF) membrane for 1h
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(Bio-Rad) in blotting buffer containing 25 mM Tris, 192 mM glycine, and 20% methanol.
Subsequently, the membrane was incubated with anti-rat ecto-NTPDasel polyclonal antibody
(primary antibody used at a dilution of 1:400; eBiosciences) at room temperature overnight.
The sensitivity and specificity of this antibody for rat antigen has been previously validated.
The amount of protein was corrected in order to load a fixed concentration of protein (1 ug) in
12% SDS-PAGE, and it was determined based on preliminary experiments by using different
concentrations of proteins. Membranes were developed using the substrate of alkaline

phosphatase, nitro blue tetrazolium/5-bromo-4-chloro-3-indolyl phosphate [27].

Adenosine Deaminase (ADA) activity determination

ADA activity from lymphocytes was determined according to Guisti [28] based on the
Bertholet reaction, that is, the formation of a colored indophenol complex from ammonia
released from adenosine and quantified spectrophotometrically. Briefly, 25 pL of
lymphocytes 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 for lymphocytes experiment was adjusted between 0.1- 0.2
mg/mL. Results were expressed in U/L. 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.

Mieloperoxidase (MPO) activity determination

MPO activity was measured in plasma from blood collected with EDTA and followed
by centrifugation at 1800 x g for 10 min. The MPO activity was analyzed
spectrophotometrically by a modified peroxidase-coupled assay system involving phenol, 4-
aminoantipyrine (AAP) and H,O, [29]. Briefly, 390 pL of 2.5 mM AAP and 20 mM phenol
were placed in each tube, followed by 450 pL of 1.7 mM H,O,. In the presence of H,O; as
oxidizing agent, MPO catalyzed the oxidative coupling of phenol and AAP yielding a colored
product, quinoneimine, with a maximum absorbance at 500 nM. The millimolar absorbance
coefficient for the quinoneimine was determined to be Y = 14 + 0.1/mM™ c¢m™, close to the
previously reported values [30]. The results were expressed in micromolar of quinoneimine
produced at 30 min.
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Lipid Profile and Inflammatory Markers

Serum total cholesterol and triglyceride concentrations were measured using standard
enzymatic methods using Ortho-Clinical Diagnostics® reagents on the fully automated
analyzer (Vitros 950® dry chemistry system; Johnson & Johnson, Rochester, NY, USA). The
levels of C-Reactive protein (CRP) was determined in serum by nephelometry (Dade Behring,
Newark, DE, USA), and uric acid was determined by dry chemistry method standardized by
the Cobas MIRA ®.

Protein determination

Protein was measured by the Coomassie blue method according to Bradford [31] using

serum albumin as standard.

Statistical analysis

Data were analyzed statistically using two-way analysis of variance (ANOVA) using
SSPS 18.0 for Windows (SPSS, Chicago, IL, USA), followed by Tukey’s multiple range
tests. Some data were analyzed using Student t test and others by Pearson’s correlation.
Differences were considered significant when P<0.05. Variables are presented as mean =+

standard deviation.
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RESULTS

In the present study, the oral administration of L-NAME by gavage was associated
with a significant rise in systolic blood pressure (SBP) when compared with the other groups,
revalidating the hypertensive model (31.3% higher than control group, P< 0.05). On the other
hand, we can observe that exercise clearly possesses hypotensive effect, reducing
significantly SBP in the exercise L-NAME group (interaction between factors F=(3,28) =
7.63, P< 0.05, 13.9% of diminution when compared to L-NAME group) (Figure 1). No
difference was observed in the body weight and food and water consumption after the
administration of L-NAME among the experimental groups (data not shown).

Results obtained for ecto-NTPDase (hydrolyzing ATP and ADP) activity and
expression in lymphocytes are shown in Figure 2. As can be observed, ATP and ADP
hydrolysis was significantly increased in the L-NAME-treated group when compared with the
control groups (71.7% for ATP and 90.1% for ADP, P< 0.05) and exercised L-NAME group
(F(3,36) = 5.09, p<0.05) (Figure 2A and 2B). However, it is interesting to note that exercise
per se had the ability to diminish ecto-NTPDase (hydrolyzing ATP) activity in the exercise
group (diminution of 40% when compared to control group, P< 0.05) (Figure 2A).
Corroborating with this result, the expression of ecto-NTPDasel was significant decreased in
Exercise group (23.4% less expression when compared to control group, P< 0.05) (Figure
2C). In figure 2C, we can also observed that, although not reach statistical significance, the
expression of ecto-NTPDasel is higher in L-NAME group when compared to others (17.02%
higher than control group).

Regarding to acute effect of a single bout exercise (Figure 2D), we observed a
significant decrease in ecto-NTPDase (ATP and ADP) activity immediately after exercise
(61.8% less for ATP hydrolysis and 36.7% less for ADP hydrolysis, P<0.05). Figure 2 (E and
F) shows a positive Pearson’s correlation between ecto-NTPDase (ATP and ADP) activity
and Systolic Blood Pressure (r=0.7923 and r=0.7884, respectively, P< 0.05), indicating that
the ecto-NTPDase activity rises as the augment of blood pressure.

ADA activity results in lymphocytes are shown in Figure 3. Statistical analysis
showed a significant hypertension vs. exercise interaction (F (3,36) = 6.80; P< 0.05). Post hoc
comparison revealed that the hypertension development was associated with a significant rise
in ADA activity in the L-NAME group when compared with the other groups (Figure 3A)
(105.5% higher than control group, P< 0.05). Regarding to acute effect of a single bout

exercise (Figure 3B), we observed a significant decrease in ADA activity (-55.8%, p<0.05).
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Figure 3 (C) shows a positive Pearson’s correlation between ADA activity and Systolic Blood
Pressure (r=0.5555, P< 0.05), indicating that the ADA activity rises as the augment of blood
pressure.

Table 2 shows lipid profile and inflammatory markers of Control, Exercise, L-NAME
and Exercise L-NAME groups. As can be observed, all variables tested, including cholesterol,
triglycerides, CRP, uric acid and MPO activity had a significant increase in L-NAME-treated
group when compared with other groups (P<0.05), strongly indicating the presence of
inflammatory process in hypertensive rats. Swimming training was able to prevent almost all
of these alterations in exercise L-NAME group (P<0.05), except for uric acid, showing a

protector effect against hypertension-induced inflammation.
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DISCUSSION

Hypertension is accompanied by vascular inflammation that is characterized by
infiltration of immune cells [8]. In addition to vascular growth and proliferation of vascular
smooth muscle cells, inflammation plays a key role in the vascular remodeling that
participates in the mechanisms leading to blood pressure (BP) elevation [2, 8, 32]. On the
other hand, regular physical activity has been shown as having a central role in hypertension
prevention or treatment and one of the main mechanisms are its anti-inflammatory effects [11,
12, 14].

Several studies [13, 14, 22] have shown the beneficial effects of regular physical
activity in reducing the elevated blood pressure and regular physical exercises have been
recommended by health professionals to maintain good cardiovascular fitness and prevent or
treat hypertension. It has become evident that regularly performed aerobic exercise
significantly reduces the high blood pressure in rats with spontaneous hypertension [33] and
in rats with hypertension induced by L-NAME administration [34, 35, 36]. Similar responses
were found in recently published works developed by our group using the same experimental
design [13, 22, 37] and in the present study, where rats performed six weeks of swimming
protocol, corresponding to moderate aerobic exercise.

The role of purinergic signaling as a mechanism of intercellular communication
among immune cells has been widely recognized [3, 38]. The enzymes ecto-NTPDase and
ADA have a central role in modulating immune responses, since extracellular ATP exhibits
pro-inflammatory properties and adenosine acts inhibiting immune responses [3]. Evaluating
the relevance of purinergic system and hypertension-induced inflammation, it has to be
pointed out the applicability of this study, since this is the first study aiming to analyze the
involvement of lymphocytic purinergic signaling in hypertension and the effects of physical
training in this system.

In the present study, hypertension (L-NAME-treated rats) was strongly associated
with an increase in lymphocytic ecto-NTPDases (hydrolyzing ATP and ADP) activities when
compared to other groups, and enzyme activities displayed a positive correlation with BP.
Since the presence of high ATP amounts in extracellular medium is a consequence of
inflammation and damaged cells [3, 38, 39], this augment in enzyme activities can indicates
that in hypertension stressed cells are releasing a large quantity of ATP.

Furthermore, T cell activation also induces the release of ATP through pannexin 1

channels that translocate with P2X receptors to the immune synapse, where they promote

81



calcium influx and cell activation through autocrine purinergic signaling [39]. Activation in
lymphocytic ecto-NPTDase was also observed by our research group in multiple sclerosis
[40], HIV [41] and rheumatoid arthritis [42] patients as a result of immune system alterations.
Kauffenstein et al. [42 43] findings suggest that the increased endothelial nucleotidases
activity may diminish the potency of vasodilator effect of nucleotides, and, as a consequence,
increase vascular tone. This information allows us to infer that the augment in lymphocytic
ecto-NTPDase also can diminish nucleotides-mediating vasodilatation and can also be
responsible to impairment vascular tonus in hypertension.
Hypertension was also positive correlated with an augment in ADA activity in lymphocytes
from L-NAME-treated rats, what possibly indicates that a low concentration of adenosine is
available in extracellular medium. As adenosine is a molecule that has a role in suppresses
effector cells through A2A receptor mediated signaling, it less availability can indicates that
an inflammatory process is occurring due to hypertension development. Taken together, these
data suggest that the increased ecto-NTPDase and ADA activities in lymphocytes of
hypertensive rats are occurring due to the activation of pro-inflammatory mediators.
Alterations in purinergic system enzymes related to other pathologies, such as lung cancer,
Chagas’disease, experimental sepsis and multiple sclerosis as well as in nicotine exposition
were already found in recent works developed by our research group [27, 40, 44, 45, 46].

Regarding to the effects of six weeks of swimming training on purinergic signaling in
lymphocytes, our results clearly shows that exercise was efficient on preventing ecto-
NTPDase and ADA alterations in L-NAME-treated rats when compared to other groups. A
recent review showed that the anti-inflammatory effects regular exercise may be mediated via
induction of an anti-inflammatory environment with each bout of exercise [12]. Various
mechanisms may contribute to the generation of this anti-inflammatory environment,
including: increased release of cortisol and adrenaline from the adrenal glands; increased
production and release of IL-6 and other myokines from working skeletal muscle; reduced
expression of TLRs on monocytes and macrophages (with subsequent inhibition of
downstream pro-inflammatory cytokine production); inhibition of adipose tissue infiltration
by monocytes and macrophages; phenotypic switching of macrophages within adipose tissue;
a reduction in the circulating numbers of pro-inflammatory monocytes; and an increase in the
circulating numbers of TReg cells [12].

However, the contribution of exercise on ectonucleotidases-regulating immune

responses is shown by the first time in the present study. We demonstrated that chronic
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exercise training in normotensive rats (exercise group) had the ability to decrease ecto-
NPTDase (hydrolyzing ATP and ADP) activity, besides prevented the increase in ecto-
NTPDase and ADA activities and reduced BP in exercise L-NAME group. These data suggest
that chronic exercise training can modulates purinergic signaling-related to inflammation in
hypertension.

To better understand the mechanisms involved in these effects, we evaluated
enzymatic changes due to an acute exercise session. We observed that immediately after an
acute exercise bout, lymphocytic purinergic system enzymes activities had a significant
decrease. According to Gorman and Feigl [14], during exercise, ATP in plasma is rapidly
broken down to ADP, AMP, and adenosine by nucleotidases in the plasma and on the surface
of red blood cells in order to promote vasodilatation (caused mainly due to AMP
concentration that binds to endothelial P1 purinergic receptors). Indeed, according to
Kauffenstein et al. [42] ecto-NTPDasel constitutes the major ectoenzyme hydrolysing
extracellular nucleotides at the surface of the vascular endothelium. Its absence allows a
facilitated relaxation and a hypotensive effect because ATP becomes available to bind in
endothelial P2X receptors and promotes vasodilatation [42]. Despite of a little conflict
between above findings, what becomes clearly evident is that during exercise, there is a great
involvement of purinergic system and less amount of ATP is available in extracellular
medium.

This way, a reduced ecto-NTPDase activity in lymphocytes verified in our study was
probably promoted by the reduced amount of ATP accessible in the extracellular medium,
since the availability of this molecule can be diminished by either hydrolysis by red blood
cells ectonucleotidases in order to augment AMP concentration [14], or the ATP is binding in
endothelial P2X receptors [42]. In turn, the reduction in ADA activity can be explained by
both reduced adenosine available and/or reduction in ADA activity in order to promote more
available adenosine in the medium, which has anti-inflammatory properties. Taken together, it
suggests that the modulation of purinergic signaling can be described as another mechanism
that contributes to the anti-inflammatory microenvironment due to an acute exercise bout and
can be related to the release of anti-inflammatory cytokines and the modulation of immune
cells already described by Gleeson review [12], although this last statement must be further
investigated.

Moreover, we showed that chronic swimming training has the ability to modulate

ADA activity in hypertensive rats, and, this way, possibly the increase of adenosine levels in
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extracellular medium. The modulation of ADA activity through exercise may represent an
approach to antihypertensive therapy via inhibition of inflammatory process.

Complementing our work, we verified important metabolic abnormalities including
those concerning to lipid metabolism that accompanies hypertension and inflammatory
process [7, 47]. Dyslipidemia consists of elevated plasma triglycerides, low HDL cholesterol,
and increased levels of atherogenic LDL cholesterol particles [47, 48]. The altered membrane
microviscosity seen in hypertensive subjects reflects the changes of membrane lipid
composition resulting from the intensive exchange between circulating and membrane lipids,
as well as from abnormal cellular lipid synthesis and metabolism, which includes oxidative
stress and lipid peroxidation [7, 47], that was already verified in one of our previous studies
[22].

Our results show a significant rise in serum cholesterol and triglyceride levels in L-
NAME-treated rats. However, exercise training was efficient to prevent lipid alterations. This
prevention may be explained by the increased demand of the working muscle for fatty acids
as an energy-yielding substrate as well as the replenishment of fatty acid containing stores for
the regeneration of damaged muscle fibers [49, 50]. Lower cholesterol and triglyceride levels
can also be explained through the biochemistry of exercises because there is an increased
activity of lipoprotein lipase, which augments the degradation of triglycerides from very low-
density lipoproteins and causes the lipoprotein particles to shrink [49, 50]

According to Herzberg [49], aerobic exercise has been shown to reduce the risk of
cardiovascular disease and this reduction is at least partially mediated by changes in
circulating lipoproteins resulting from adaptive changes in enzymes involved in their
metabolism. Although aerobic exercise can cause oxidative damage when performed acutely
[51], there are adaptive changes resulting from chronic exercise, as in our study, which can
result in the improvement of the lipid profile [49, 50, 51].

In addition to dyslipidemia, in the current study, hypertensive rats also presented
alteration in inflammatory markers, evidenced by the elevation in MPO activity, CRP and uric
acid levels, which are considered as significant markers of inflammatory process [11, 32].
The increased inflammatory markers verified in our study in hypertensive rats, together with
ecto-nucleotidases and ADA results and changes in lipid profile confirm that inflammation is
accompanying hypertension and highlights the importance of purinergic signaling in this

process as well as their interrelation.

Of great importance, physical training prevented the increase in MPO activity and
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levels of CRP in exercise L-NAME-treated rats, but was not able to prevent the augment in
uric acid levels. The effects of exercise training related to renal health in hypertension seem to
be controversial. While there are some updated works showing that physical training
attenuates renal damage in hypertensive rats [52], and low levels of uric acid correlates
positively with performance and low blood pressure [53], Kuru et al. [54] showed that
physical training increases renal injury in rats with chronic NOS inhibition. Taken together,
these information allow us to infer that we did not reach improvement in acid uric levels
probably due to L-NAME administration and the consequent higher levels of nitric oxide that
are known to causes elevated uric acid release [53]. Even though, the relationship between

exercise and renal functions in hypertension remains to be better understood.

In conclusion, exercise was powerful in preventing alterations in ecto-NTPDases and
ADA activities in lymphocytes from hypertensive rats and displayed an improvement in
dyslipidemia as well as attenuated the augment in standard inflammatory markers. These
findings highlight the link between purinergic signaling and inflammatory process and
suggest a novel mechanism in which moderate aerobic exercise possesses the potential to

attenuate inflammation caused by hypertension.
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TABLES AND FIGURES

Table 1 Swimming protocol, with training time from Ist to 6th week, held from

Monday to Friday.

Week Monday Tuesday Wednesday Thursday Friday

Ist 20 min. 30 min. 40 min. 50 min 60 min.
wo wo wo wo wo

2nd 40 min. 50 min. 60 min. 60 min. 60 min.
2% bw 2% bw 2% bw 2% bw 2% bw

3th 40 min. 50 min. 60 min. 60 min. 60 min.
5% bw 5% bw 5% bw 5% bw 5% bw

4th, 5th, 6th 60 min. 60 min. 60 min. 60 min. 60 min.
5% bw 5% bw 5% bw 5% bw 5% bw

(wo) = without overload (bw) = body weight (n=10 to each group).
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Table 2 Lipid profile and inflammatory markers of Control, Exercise, L-NAME and Exercise L-

NAME groups.

Control Exercise L-NAME Exercise L-

NAME

Cholesterol (mmol/L) 1.51+0.17° 1.39+0.21° 2.21+0.13° 1.65+0.20°
Triglycerides (mmol/L) 0.83+0.05 0.78+0.07* 1.17+0.06" 0.94+0.04°
C Reactive 51.249.7° 47.144.5° 87.2+7.5° 59.9+8.2°
Protein(mg/DI)
Uric Acid (mg/Dl) 4.43+0.97° 4.09+1.09° 5.94+0.93" 5.38+0.95"
MPO activity (uM 0.89+0.05™° 0.81+0.06" 1.79+0.16° 1.244+0.09¢
Quinoneimine)

Data are expressed as means + S.D. Different letters in the same line indicate differences among the groups (P< 0.05; n = 10

animals per group). Two-way ANOVA.
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Figure 1. Final Systolic blood pressure (BP) measurements of Control group, Exercise group,
L-NAME group and Exercise L-NAME group. SBP was followed as described in materials.
Data are presented as means + SD. Groups with different letters are statistically different

(two-way ANOVA, p<0.05, n=10 to each group).

Figure 2. (A) ecto-NTPDase (hydrolyzing ATP) and (B) ecto-NTPDase (hydrolyzing ADP)
activity in lymphocytes of Control group, Exercise group, L-NAME group and Exercise L-
NAME group. Data are presented as means + SD. Groups with different letters are
statistically different (two-way ANOVA, p<0.05, n=10 to each group). (C) Expression of
ecto-NTPDasel protein in lymphocytes of Control group, Exercise group, L-NAME group
and Exercise L-NAME group. Data are presented as means + SD. Groups with different
letters are statistically different (two-way ANOVA, p<0.05, n=5 to each group). (D) ecto-
NTPDase (hydrolyzing ATP and ADP) activity in lymphocytes of rats at rest and after an
acute bout of exercise. Data are presented as means = SD. *Indicates statistical difference
(Student t test, p<0.05, n=5 to each group). (E) Pearson’s Correlation between ecto-NTPDase
(ATP) activity and Systolic Blood Pressure (r=-0.7923, P< 0.05). (F) Pearson’s Correlation

between ecto-NTPDase (ADP) activity and Systolic Blood Pressure (r=-0.7884, P< 0.05).

Figure 3. (A) Adenosine Deaminase (ADA) activity in lymphocytes of Control group,
Exercise group, L-NAME group and Exercise L-NAME group. Data are presented as means +
SD. Groups with different letters are statistically different (two-way ANOVA, p<0.05, n=10
to each group). (B) ADA activity in lymphocytes of rats at rest and after an acute bout of

exercise. Data are presented as means + SD. *Indicates statistical difference (Student t test,
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p<0.05, n=5 to each group). (C) Pearson’s Correlation between ADA activity and Systolic

Blood Pressure (r=-0.5555, P< 0.05).
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ORIGINAL ARTICLE

Swimming Training Prevents Alterations in
Acetylcholinesterase and Butyrylcholinesterase

Activities in Hypertensive Rats

Andréia Machado Cardoso,' Fatima Husein Abdalla,' Margarete Dulce Bagatini,? Caroline Curry Martins,’
Fernando da Silva Fiorin," Jucimara Baldissarelli,' Pauline Costa,' Fabio Fernandes de Mello,' Amanda
Maino Fiorenza," Jonas Daci da Silva Serres,' Jamile Fabbrin Gongalves,' Heloisa Chaves,' Luiz Fernando
Freire Royes,' Adriane Bell6-Klein,? Vera Maria Morsch,’ and Maria Rosa Chitolina Schetinger!

BACKGROUND

Cholinergic enzyme activities are altered in hypertension, reflecting a
low-grade inflammation. Regular physical exercise exerts anti-inflam-
matory effects and has been described as a coadjutant in the treatment
of hypertension. In this study, we investigated the effect of 6 weeks of
swimming training on cholinergic enzyme activities (acetylcholinest-
erase and butyrylcholinesterase) in Nw-Nitro-L-arginine methyl ester
hydrochloride (L-NAME)-induced hypertensive rats.

METHODS

The rats were divided into 4 groups: control (n = 10), exercise (n = 10),
L-NAME (n =10), and exercise L-NAME (n = 10).The animals were trained
5 times per week in an adapted swimming system for 60 minutes with
a gradual increase of the workload up to 5% of animal’s body weight.
Enzyme activities were measured spectrophotometrically in lympho-
cytes, whole blood, and serum.

RESULTS
A significant rise in acetylcholinesterase activity was observed in lym-
phocytes and whole blood as well as in serum butyrylcholinesterase

Hypertension represents a major risk factor for stroke, myo-
cardial infarction, heart failure, aneurysms of the arteries,
and chronic kidney disease, making it an important public
health challenge.! It is well established that a chronic low-
grade inflammation accompanies hypertension®* and the
release of proinflammatory cytokines modifies the normal
state of vasodilatation mainly because of a low availability of
nitric oxide (NO).* The chronic administration of Nw-Nitro-
L-arginine methyl ester hydrochloride (L-NAME), which

activity in the L-NAME group when compared with the other groups
(P < 0.05), and the increase in cholinesterase activities was positively
correlated with the rise in blood pressure (r = 05721, r = 0.6121, and
r=0.5811, respectively). Swimming training was efficient in preventing
these alterations in the exercise L-NAME group, which displayed values
similar to those of the control group. Exercise training demonstrated a
significant hypotensive effect in hypertensive rats.

CONCLUSIONS

Exercise training was shown to prevent increased cholinesterase related
to inflammatory processes in hypertensive rats, providing a new insight
about protective exercise mechanisms to avoid hypertension-related
inflammation.

Keywords: acetylcholinesterase; blood pressure; butyrylcholinesterase;
hypertension; inflammation; swimming training.

is an L-arginine analogue, has been widely used to induce
hypertension in rats because it produces a volume-depend-
ent elevation of blood pressure (BP) through the inhibition
of NO production.-*2

Several studies have highlighted the relationship between
the cholinergic system, inflammatory processes, and the
development of hypertension. Lymphocytes express most
of the cholinergic components, and the neurotransmit-
ter acetylcholine (ACh) has been described as possessing
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anti-inflammatory properties.>!> ACh can act by inhibit-
ing the production of tumor necrosis factor, interleukin 1,
macrophage migration inhibitory factor, and high mobility
group box 1. Also, it suppresses the activation of nuclear fac-
tor-kappa B expression.? The enzymes acetylcholinesterase
(AChE) and butyrylcholinesterase (BuChE) are also respon-
sible for ACh hydrolysis and thus can modulate immune
response.”'*> However, although studies have reported the
relationship between hypertension and alterations in plasma
cholinesterase activities, the relationship between hyper-
tension and the alteration in AChE and BuChE activities in
lymphocytes remains unknown.

Concerns about increased stroke, myocardial infarction,
and heart failure frequency in patients with hypertension
have led many health-care professionals to adopt protective
measures. In this context, a large number of studies have
shown that lifestyle changes can improve BP control and
decrease the risk of associated health complications.>!4!6
Physical training has been prescribed as a coadjuvant treat-
ment for hypertension, mainly because of its anti-inflam-
matory effects.!” A recent review addressing this issue has
focused on 3 possible mechanisms: reduction in visceral fat
mass, increased production and release of anti-inflamma-
tory cytokines, and reduced expression of Toll-like receptors
on monocytes and macrophages.'”

However, the effects of physical training on cholinester-
ase activities related to the inflammatory process are still
unknown. Furthermore, there is no information about exer-
cise (mainly its chronic effects) and hypertension-induced
changes in cholinesterase activities. There are few studies
elucidating the influence of exercise on these enzymes in
other systems and/or contexts.!>!®!? This study investigated
the effect of chronic swimming training on AChE activity
in lymphocytes and whole blood as well as in serum BuChE
activity in rats who developed hypertension in response to the
oral administration of L-NAME. Moreover, we investigated
changes in cholinergic enzyme activities after an acute single
bout of swimming to explain chronic exercise alterations.

METHODS
Chemicals

L-NAME, 5,5'-dithio-bis-2-nitrobenzoic acid (DTNB),
Triton X-100, and ethopropazine hydrochloride were
obtained from Sigma Chemical (St. Louis, MO). Ficoll-
Histopaque (Lymphoprep) was purchased from Nycomed
Pharma (Oslo, Norway). All other reagents used in the
experiments were of analytical grade and the highest purity.

Animals

Adult male Wistar rats (aged 70-90 days; 220-300g)
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+1 °C) on a
12-hour light/dark cycle with free access to food and water.
All animal procedures were approved by the Animal Ethics
Committee of the Federal University of Santa Maria (proto-
col number: 029/2011).

2 American Journal of Hypertension

Experimental protocol

Rats were randomly divided into 4 groups, normoten-
sive (Control, n = 10), normotensive plus exercise (Exercise,
n = 10), hypertensive (L-NAME, n = 10) and hypertensive
plus exercise (Exercise L-NAME, n = 10). In the hypertensive
groups, hypertension was induced by the oral administration
of NO synthase inhibitor (L-NAME). Although most studies
induce hypertension through drinking water, Ribeiro ef al.'®
observed that average dairy water intake per box was 26%
lower in L-NAME-treated rats than in controls. Thus, gavage
administration was used to be certain about the dose ingested
by rats and to be certain that all rats received the same dose.
In addition, despite hypertension induction, high doses”!
or long-term administration® of L-NAME may induce
severe proteinuria and renal injury. Thus, a moderate dose
of L-NAME, as used by Furstenau et al. (30 mg/kg/day),” was
given for a moderate length of time under the assumption
that our rats would become hypertensive and that renal injury
would occur but it would not be overly deleterious. Gavages
with L-NAME started 1 week before physical training. After
1 week® (day 8), BP was measured in all groups. L-NAME-
treated animals presented elevated BP (data not shown).
After the certification that the animals were hypertensive,
the physical training program started. In the normotensive
groups, the animals received water by gavage throughout the
entire experiment to undergo the same level of stress. These
rats were anesthetized and killed 24 hours after the last exer-
cise session.!!12 Blood was collected by cardiac puncture.

Exercise protocol

Swimming was the exercise chosen for this study. The use
of swimming rats as a model of exercise presents advantages
over treadmill running because swimming is a natural ability
of rats and it circumvents the need to select animals, which
is necessary in experimental protocols using treadmill run-
ning.”’ Furthermore, the animals are not likely to suffer from
foot injuries and physical trauma. An additional advantage is
that swimming provides a uniform type of physical activity
with the use of ankle and flexor muscles.'

Swimming protocol

All rats were adapted to water before training began. The
adaptation consisted of keeping the animals in shallow water
at 311 °C? for 1 hour during 5 days. This procedure was
performed between 10:00 AM and 12:00 pm. The adjustment
reduces stress without promoting adaptation to the training.

Animals were trained for 60 minutes 5 times per week for
6 weeks in an adapted swimming system with water heated
to 31+ 1 °C. The training occurred between 10:00 AM and
12:00 pM. The training tank used for this study was 80cm in
length, 50 cm in width, and 90 cm in depth.? The workload
(weight on the back) was gradually increased to up to 5% of
the animal’s body weight (Table 1).

Sedentary animals were placed in shallow water (5cm in
depth) heated to 31+ 1 °C, for 60 minutes 5 times per week
without the work load to undergo the same level of stress
without being submitted to the effects of physical training.
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Table 1. Swimming protocol, with training time from week 1 to
week 6, held from Monday to Friday

Week Monday Tuesday Wednesday Thursday Friday
1 20min 30min 40min 50min 60min
WO wo WO wo WO
2 40min 50min 60min 60min 60min
2% BW 2% BW 2% BW 2% BW 2% BW
3 40min 50min 60min 60min 60min
5% BW 5% BW 5% BW 5% BW 5% BW
4-6 60min 60min 60min 60min 60min
5% BW 5% BW 5% BW 5% BW 5% BW

There were n = 10 rats per group.
Abbreviations: BW, body weight; WO, without overload.

Acute exercise protocol

As a complement to the study and to explain chronic
changes in cholinesterase activities, we aimed to verify
changes in these enzymes due to an acute bout of exercise.
For this purpose, a subset of healthy normotensive rats were
randomly divided into 2 groups: a group that would remain
atrest (n =5) and a group that was submitted to an adaptation
training week before the swimming test (n = 5). In the swim-
ming session test, rats performed 60 minutes of swimming
with a workload (weight on the back) of 5% of the animal’s
body weight.® Rats were anesthetized and killed immediately
after the acute swimming test, blood was collected, and lym-
phocytes and serum were separated for further analysis. The
same acute protocol was performed with hypertensive rats,
but because there was no difference between hypertensive
and normotensive groups, we omitted these results.

Hemodynamic parameter determination

In all rats, systolic BP was measured in awake ani-
mals by tail-cuff plethysmography (RTBP1001 Rat Tail
Blood Pressure System for rats and mice; Kent Scientific,
Torrington, CT). Rats were conditioned with the apparatus
before measurements were taken. BP was recorded at the
end of experiment (last treatment week).

Blood collection

Twenty-four hours after the last swimming session,
the animals were anesthetized with halothane and killed.
Halothane was administered by the closed technique in a
dose of 0.5%, according to Halothane bull (Tanohalo 1:1 ml;
CRISTALIA Produtos Quimicos Farmacéuticos) adapted
to rats. The animals were kept in a closed chamber, which
became an environment saturated with anesthetic, for
approximately 2 minutes. Blood was collected by cardiac
puncture in tubes with ethylenediaminetetraacetic acid as
anticoagulant for lymphocytes separation. Tubes without
anticoagulant were used to obtain serum.

Isolation of mononuclear cells

Mononuclear leukocytes were isolated from blood col-
lected with ethylenediaminetetraacetic acid and separated

on Ficoll-Histopaque density gradients as described by
Béyum.?! Despite the methodology described above to be
used for separating mononuclear cells, the work done by
Jaques et al.”> demonstrated that there is a high incidence of
lymphocytes in separate samples and the amount of mono-
cytes is almost insignificant. For this reason, we will consider
the samples as containing only lymphocytes.

AChE activity determination

Whole blood AChE activity was determined by the
method of Elmann et al.”® modified by Worek et al** To
achieve temperature equilibration and complete reaction of
sample matrix sulfhydryl groups with DTNB, the mixture
was incubated for 10 minutes before addition of substrate.
Enzyme activity was corrected for spontaneous hydrolysis
of the substrate and DTNB degradation. The BuChE was
inhibited by ethopropazine. AChE activity was measured at
436 nm and 37 °C using polystyrol cuvets.

AChE activity in lymphocytes was determined accord-
ing to the method described by Ellman et al.> modified by
Fitzgerald and Costa.” Briefly, proteins of all samples were
adjusted to 0.1-0.2mg/ml. Then 0.2ml of intact cells were
added to a solution containing 1.0mM acetylthiocholine
(ATC), 0.1 mM 5,5’-dithiobis (2-nitrobenzoic acid) (DTNB),
and 0.1M phosphate buffer (pH 8.0). Immediately before
and after incubation for 30 minutes at 27 °C, the absorbance
was read on a spectrophotometer at 412 nm. The results are
expressed as pmol/h/mg of protein.

BuChE activity determination

The BuChE enzymatic assay was determined in serum by
a modification of the spectrophotometric method of Ellman
et al? The reaction mixture (2ml final volume) contained
100mM potassium phosphate buffer, pH 7.5, and 1.0mM
DTNB. The method is based on the formation of the yellow
anion, 5,5-dithio-bis-acid nitrobenzoic, measured by absorb-
ance at 412 nm during 2 minutes of incubation at 25 °C. Enzyme
activity was expressed in pmol BuSCh/h/mg of protein.

Protein determination
Protein was measured by the Coomassie blue method
according to Bradford® using serum albumin as standard.

Statistical analysis

Data were analyzed statistically using 2-way analysis of
variance using SSPS 18.0 for Windows (SPSS, Chicago, IL),
followed by Tukey’s multiple range tests. Some data were
analyzed using Student ¢ test and others by Pearson correla-
tion. Differences were considered significant when P < 0.05,
and variables are presented as mean + SD.

RESULTS

Oral administration of L-NAME induced a significant
increase in BP when compared with the other groups,

American Journal of Hypertension 3
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Figure 1. Final systolic blood pressure measurements of Control
group, Exercise group, Nw-Nitro-L-arginine methyl ester hydrochloride
(L-NAME) group, and Exercise L-NAME group. Systolic blood pressure
was followed as described in the Methods section. Data are presented as
means + SD. Groups (n = 10 per group) with different letters are statisti-
cally different (2-way analysis of variance, P < 0.05).

corroboratinﬁ iprevious studies that have demonstrated the
same effect.>*!" On the other hand, exercise clearly affords a
hypotensive effect, significantly reducing BP in the Exercise
L-NAME group (interaction between factors F(3,28) = 7.63;
P =0.01) (Figure 1). No difference was observed in the body
weight and food and water consumption after the adminis-
tration of L-NAME between the experimental groups (data
not shown).

Results obtained for the AChE activity in lymphocytes
are shown in Figure 2. Statistical analysis showed a signifi-
cant hypertension vs. exercise interaction (F(3,36) = 4.80;
P = 0.049]. Post hoc comparison revealed that the hyper-
tension development was associated with a significant rise
in AChE activity in the L-NAME group when compared
with the other groups (P < 0.05). Also, swimming training
protected against the L-Name-induced BP increase in the
Exercise L-NAME group (P < 0.05) (Figure 2a). Regarding
the acute effect of a single bout of exercise (Figure 2b), we
observed a significant increase in the AChE activity after
exercise (P = 0.01). Figure 2c shows a positive Pearson cor-
relation between AChE activity and systolic BP (r = 0.5721;
P = 0.01), indicating that AChE activity rises as blood
pressure rises.

Figure 3 shows results obtained for AChE activity in
whole blood. Statistical analysis showed a significant hyper-
tension vs. exercise interaction (F(3,36) = 6.49; P = 0.01).
Hypertension development was associated with a signifi-
cant increase in AChE activity in the L-NAME group when
compared with the other groups (P < 0.05), and swimming
training was efficient in preventing this alteration in the
Exercise L-NAME group. Exercise per se decreased AChE
activity in the Exercise group when compared with the other

4 American Journal of Hypertension
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Figure 2. Acetylcholinesterase (AChE) activity in lymphocytes. (a) AChE
activity in lymphocytes of Control group, Exercise group, Nw-Nitro-L-
arginine methyl ester hydrochloride (L-NAME) group, and Exercise L-NAME
group. Data are presented as means + minimums and maximums. Groups
(n = 10 per group) with different letters are statistically different (2-way
analysis of variance, P < 0.05). (b) AChE activity in lymphocytes of rats
at rest and after an acute bout of exercise. Data are presented as means
+ SD. * indicates statistical difference (Student t test, P < 0.05) (n =5 per
group). (c) Pearson correlation between AChE activity and systolic blood
pressure (r=05721; P < 0.05).
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Figure 3. Acetylcholinesterase (AChE) activity in whole blood. (a)
AChE activity in whole blood of Control group, Exercise group, Nw-Nitro-
L-arginine methyl ester hydrochloride (L-NAME) group, and Exercise
L-NAME group. Data are presented as means + SD. Groups (n = 10 per
group) with different letters are statistically different (2-way analysis of
variance, P < 0.05). (b) AChE activity in whole blood of rats at rest and
after an acute bout of exercise. Data are presented as means + SD. * indi-
cates statistical difference (Student t test, P < 0.05) (n = 5 per group). (c)
Pearson correlation between AChE activity and systolic blood pressure
(r=0.6121;P <0.05).

groups (P < 0.05) (Figure 3a). Regarding the acute effect of
a single bout of exercise (Figure 3b), we observed a signifi-
cant increase in AChE activity immediately after exercise
(P = 0.01). Figure 3c shows a positive Pearson correlation
between AChE activity and systolic BP (r=0.6121; P=0.02),
indicating that AChE activity rises as blood pressure rises.

BuChE activity, measured in serum, presented the same
behavior as lymphocytic AChE activity, as shown in Figure 4
(interaction between factors F(3,36) = 9.16; P = 0.005).
Hypertension development was associated with a significant
rise in BuChE activity in the L-NAME group when com-
pared with the other groups (P < 0.05), and swimming train-
ing was efficient in preventing this alteration in the Exercise
L-NAME group (Figure 4a). Figure 4b shows that after a
single bout of exercise, BuChE activity was significantly
increased (P < 0.01). Figure 4c shows a positive Pearson cor-
relation between BuChE activity and systolic BP (r = 0.5811;
P = 0.03), indicating that AChE activity increases as blood
pressure increases.

DISCUSSION

Hypertension is accompanied by vascular inflammation,
which is characterized by infiltration of immune cells. In
addition to vascular growth and proliferation of vascular
smooth muscle cells, inflammation plays a key role in the
vascular remodeling, which participates in the mechanisms
leading to BP elevation.**”?® On the other hand, regular
physical activity has been shown to have a central role in
hypertension prevention or treatment and its anti-inflam-
matory effect is one of the main mechanisms involved.'”

Several studies have shown the beneficial effects of regular
physical activity in reducing elevated BP. Thus, regular phys-
ical exercise has been recommended by health professionals
to maintain good cardiovascular fitness and prevent or treat
hypertension.>#!"12 1t has become evident that regularly
performed aerobic exercise significantly reduces the high BP
in rats with spontaneous hypertension®*? and in rats with
hypertension induced by L-NAME administration,®!"'? as
shown in a recent study developed by our group using the
same experimental design.®

It has been widely recognized that lymphocytic choliner-
gic activity reflects well the changes in immune system func-
tion."* In addition, plasma alteration in AChE and BuChE
activities serves as a marker of low-grade systemic inflamma-
tion.? Using this line of reasoning, we have demonstrated that
the development of hypertension was associated with a sig-
nificant increase in AChE activity in lymphocytes and whole
blood as well as in BuChE activity measured in serum in the
L-NAME group when compared with the other groups. In
addition, the rise in AChE and BuChE activities positively
correlated with the increase in BP. These experimental data
agree with several studies that have already shown the sig-
nificant increase of these enzymes in the plasma and tissue of
patients with Alzheimer’s disease, diabetes mellitus, hyperten-
sion, insulin resistance, hyperlipidemia, and leukemia.>!33!32
Ofecket et al’3 showed that subjects expressing high lev-
els of plasma cholinesterases may produce higher levels of
proinflammatory cytokines under infectious insults. This
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Figure 4. Butyrylcholinesterase (BuChE) Activity in serum. (a) BuChE
activity in serum of Control group, Exercise group, Nw-Nitro-L-arginine
methyl ester hydrochloride (L-NAME) group, and Exercise L-NAME group.
Data are presented as means + minimums and maximums. Groups (n = 10
per group) with different letters are statistically different (2-way analysis of
variance, P < 0.05). (b) BuChE activity in lymphocytes of rats at rest and after
an acute bout of exercise. Data are presented as means + SD. * indicates
statistical difference (Student t test, P < 0.05) (n = 5 per group). (c) Pearson
correlation between BuChE activity and systolic blood pressure (r=0.5811;
P <0.05).
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suggests that the increase in cholinesterase activities is a way
to combat infections through the release of proinflammatory
cytokines (positive response). However, this alternative is less
plausible for our study because acute infection is not compa-
rable with the low-grade inflammation verified in hyperten-
sion. Instead, our study corroborates Ofecket et al.,** clearly
showing the positive correlation between inflammation and
rise in cholinesterase activities. In addition, the hypertensive
rats probably presented augmented levels of proinflamma-
tory cytokines when compared with the normotensive rats,
although this has not been measured. Our findings are also
corroborated by Ben-Assayang et al.,* who demonstrated the
power of circulation cholinesterase measurements as useful
early diagnostic tools for the occurrence of stroke.

As aresult of increased activities of AChE and BuChE, the
levels of ACh probably decreased in L-NAME-treated rats.
In this context, the cholinergic anti-inflammatory pathway,>*
mediated by ACh, which acts by inhibiting the production of
tumor necrosis factor, interleukin 1, macrophage migration
inhibitory factor, and high mobility group box 1 and sup-
presses the activation of nuclear factor kappa B expression,?
becomes impaired. Thus, it is plausible to propose that both
AChE and BuChE enhance inflammation in hypertensive
rats by inactivating ACh, and this situation may represent
an augmented risk to the development of hypertension-
associated complications. In the same context, it is impor-
tant to point out that, although we have not identified the
lymphocytes T and B, the main effects are probably related to
the T cells because these cells show enhanced synthesis and
release of ACh as well as increased AChE expression when
compared with B cells.!?

Of great interest to our work, we tested the effect of 6
weeks of swimming training on AChE and BuChE activi-
ties in hypertensive rats and demonstrated that this training
was efficient in preventing the alterations in these enzyme
activities in the Exercise L-NAME group. The maintenance
of these enzyme activities by physical training indicates
that the levels of ACh are probably preserved in the vascu-
lar extracellular medium and thus help to avoid inflamma-
tory processes induced by the development of hypertension.
Other studies have assessed the effects of chronic physical
training on the rat brain.!*!¢ However, this is the first study
aiming to verify the effects of exercise on the cholinergic
system and in relation to hypertensive inflammation. Ben
et al.'* found that physical training prevented an increase in
AChE activity in the brain of ovariectomized rats, but exer-
cise per se presented no effect. Ben-Ari et al.*® verified that
exercise increased the number of AChE-positive fibers in the
molecular layer, reduced cerebellar cytokine levels, and sup-
pressed serum AChE activity, suggesting anti-inflammatory
protection by enhanced cholinergic signaling. In our study,
swimming training presented a similar prevention of AChE
activity alterations, despite the differences in the research
focus. It is plausible to infer that one of the mechanisms by
which swimming training prevented alterations in cholinest-
erase activities is related to the involvement of microRNA
132 in potentiating cholinergic anti-inflammatory signaling
by targeting AChE.*

To understand chronic alterations displayed by swimming
training in the cholinergic system, we verified the acute
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effect of a single bout of exercise. We observed a significant
increase in AChE and BuChE activities immediately after
exercise. Similar findings were reported by Schulpset et al.'®
in erythrocyte AChE activity in players immediately after a
game. Moreover, Kaufer et al* also verified an increase in
brain AChE gene expression after 10 minutes of acute swim-
ming. On the contrary, Tsakiriset ef al.'® found a decrease in
ACHhE activity in response to acute exercise in rat brain. The
differences between findings are probably related to AChE
localization and the experimental protocol because effects
on ACh modulation differ depending on the cell surface and
stimuli.

As stated by Schulps ef al.,'”’ AChE stimulation in response
to acute exercise may be related to the additional release of
ACh as well as of catecholamines, serotonin, and/or corti-
sol in the blood. The large ACh release may be related to
its endothelium-dependent vasodilatation function,® as
well as to an anti-inflammatory microenvironment caused
by the acute exercise bout. Furthermore, it may be related
to the discharge of anti-inflammatory cytokines and the
modulation of immune cells already described in a review
by Gleeson et al.'” because ACh has the above-mentioned
anti-inflammatory properties.” In the same context, Gilboa-
Geffen et al.*® reported that stress-induced increases in
ACh act to mitigate inflammatory response and restore
homeostasis.

As reported before, chronic exercise in hypertensive rats
prevented cholinesterase stimulation and reduced BP in the
Exercise L-NAME group. It is reasonable to assume that
the increase of cholinesterase activities as a result of acute
exercise may produce an adaptation by the organism. That
is, with several exercise sessions cholinesterase becomes
prepared to receive an exercise stimulus and a major ACh
release. In this sense, when the organism is in a resting con-
dition, it maintains low enzyme activity, as shown by our
results, probably because low ACh is required in blood cir-
culation in an organism already adapted to training, as in
our study. Another possible explanation for the low activity
of AChE and BuChE due to chronic exercise effects found in
our study is that even if a large amount of circulating ACh
is being released in an organism at rest and already adapted
to physical training, the enzyme activities are kept low to
allow ACh action. The second inference seems to be more
plausible mainly because of the ACh action in endothelial
cells that mediates vasorelaxation and thus may contribute
to the hypotensive effects of exercise. In endothelial cells,
ACh acts through muscarinic (M3 or M5) receptors. This
results in an activated endothelial NO synthase, which leads
to the production of NO stimulating soluble guanylyl cyclase
to produce cyclic guanosine monophosphate. Protein kinase
G activated by cyclic guanosine monophosphate promotes
relaxation.’® However, further studies are necessary to eluci-
date these possible mechanisms.

In conclusion, our study suggests that moderate exer-
cise training prevents cholinesterase alterations related to
inflammatory processes in rats that developed hyperten-
sion in response to oral administration of L-NAME. This
was probably because of the adaptation of these enzymes
to stimuli caused by the exercise sessions, which can
modulate cholinesterase activities. This modulation can

be understood as another anti-inflammatory mechanism
generated by exercise that contributes to the control of BP,
highlighting the great protective effect of exercise training
to avoid hypertension-related inflammation.
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4. DISCUSSAO

Atualmente, a hipertensao configura-se como um grave problema de saude
publica mundial (BRASIL, 2013). O aumento da pressao sanguinea € um fator de
risco para o desenvolvimento de diversas doengas cardiovasculares e correlaciona-
se positivamente com o numero de mortes pelas mesmas (WILLIAMS, 2010). Esta
patologia caracteriza-se como uma condigdo clinica multifatorial que envolve
diversas alteragdes metabodlicas. Embora muitos estudos estejam voltados para
desvendar os mecanismos responsaveis pelo desenvolvimento da hipertensédo e
suas complicagbes (FAUCI et al., 2009; LLOYD-JONES et al., 2009; DBH, 2010;
BRASIL, 2013), ainda existem muitos questionamentos que necessitam ser
elucidados a fim de melhor compreender o que ocorre em nivel celular em individuos
hipertensos.

Os estudos mais recentes sobre a hipertensdo tem seu foco principal nos
mecanismos inflamatorios e tromboéticos que, sabidamente, acompanham a
patologia em maior ou menor grau (BONNER et al., 2012; KANTHI et al., 2014;
SHIFFRIN et al., 2014). Isto porque estes sao os principais fatores responsaveis
pelas complicagdes advindas da patologia, como os eventos agudos que na maioria
das vezes causam danos irreversiveis ao organismo ou sao fatais (SHIFFRIN et al.,
2014).

A hipertensdo esta acompanhada por um quadro inflamatorio de baixo grau e
por uma maior atividade plaquetaria (SHIFFRIN et al., 2014). Entretanto os
mecanismo envolvidos nestas respostas ainda precisam ser melhor esclarecidos.
Sabe-se que existe um envolvimento importante dos sistemas purinérgico e
colinérgico a nivel vascular nestes processos (DAS, 2007; KANTHI et al., 2014). A
regulacao dos niveis dos nucleotideos de adenina (ATP, ADP e AMP), da adenosina
e da acetilcolina parece ser um ponto chave na indugao de respostas pré ou anti-
inflamatdrias, bem como proé ou anti-agregantes (KANTHI et al., 2014). Sendo assim,
fica claro que as enzimas responsaveis pela hidrolise destas moléculas e,
consequentemente, responsaveis pela regulagdo de seus niveis, exercem um papel
imprescindivel no funcionamento do organismo em condi¢gdes fisiologicas e

patoldgicas.

109



Dentre as diversas formas de tratamento para a hipertensdo, a pratica regular
de exercicios fisicos, desde as décadas passadas, tem sido descrita como um dos
principais coadjuvantes no tratamento desta patologia. Seus efeitos quanto a
reducéo da pressao sanguinea sao irrefutaveis (TIPTON et al., 1991; VERAS-SILVA
et al., 1997; O’'SULLIVAN & BELL, 2000; HUSAIN, 2002; KURU et al., 2002;
FAGARD & CORNELISSEN, 2007; KURU et al., 2009; RYAN et al., 2014) , mas os
mecanismos que contribuem para esta resposta ainda requerem maior atengao.
Durante uma sessao de exercicio aerébico moderado, como no modelo de natagao
utilizado no presente estudo, existe a mobilizagdo de moléculas como o ATP e ACh.
Até o presente momento, a relagdo entre o exercicio e essas moléculas apenas
havia sido analisada em termos de suas respostas vasodilatadoras (ALONSO, 2012;
HELLSTEN et al., 2012).

Sendo assim, este € um trabalho pioneiro no qual investigou-se o efeito de
seis semanas de natacdo sobre a atividade das enzimas dos sistemas purinérgico e
colinérgico em componentes sanguineos, bem como na agregacgao plaquetaria em
ratos hipertensos induzidos por L-NAME. Além disso, as respostas agudas das
atividades enzimaticas frente a uma uUnica sessao de natacdo também foram
analisadas com o objetivo de explicar as alteragbes cronicas. Para complementar o
estudo e confirmar a relagdo das enzimas em questdo com a inflamacéo, foram
dosados os niveis de marcadores inflamatérios classicos (PCR, MPO e acido urico),
bem como os niveis de colesterol total e triglicerideos.

Os resultados obtidos indicam que a indugao da hipertensdo gerou um
aumento na atividade das enzimas NTPDase, ecto-5-nucleotidase e adenosina
desaminase em plaquetas. Tendo em vista que o ATP e o ADP sao moléculas que
induzem a ativagao plaquetaria (DEAGLIO & ROBSON, 2011), um aumento na
atividade das enzimas que hidrolisam esses substratos poderia representar uma
forma de mecanismo compensatério do organismo para evitar essa ativagdo. Nao
foram observadas mudancgas significativas na atividade da E-NPP, mas houve uma
tendéncia a ativagao desta enzima em resposta a hipertensio. Existe a possibilidade
de que se os ratos se mantivessem nesta condigdo patologica por mais tempo, uma
ativagdo mais pronunciada da enzima poderia ter sido encontrada. Por outro lado, os
resultados obtidos para a E-NPP podem sugerir que os efeitos gerados pelo modelo
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experimental estejam mais relacionados as outras enzimas do sistema purinérgico e
que a E-NPP pode ter uma baixa expressao nas células analisadas.

Embora o aumento da NTPDase e ecto-5-nucleotidase em plaquetas
pudesse favorecer a formagao da adenosina, o aumento na atividade da ADA indica
claramente que a adenosina formada pela agao da ecto-5-nucletotidase pode estar
sendo degradada e ndo estar exercendo seus efeitos anti-agregantes (KAHNER et
al., 2005; DEAGLIO & ROBSON, 2011). Isso foi confirmado pelo aumento na
agregacao plaquetaria observado nos ratos hipertensos. Estes resultados confirmam
o fato de que a patologia relaciona-se com o risco do desenvolvimento de processos
trombaticos e ressaltam a importancia do sistema purinérgico neste contexto.

Além de seu envolvimento na ativagdo plaquetaria, o sistema purinérgico
relaciona-se com os processos inflamatdrios na hipertensdo (JUNGER, 2011;
KANTHI et al., 2014). Os resultados do presente estudo corroboram com esta
afirmacao, pois verificou-se que aliado ao aumento nos niveis dos marcadores
inflamatorios classicos, ocorreu o aumentos das enzimas NTPDase e ADA nos
linfécitos de ratos hipertensos. Isto indica que niveis aumentados de ATP estao
sendo liberados no meio extracelular e que a adenosina formada, que poderia estar
exercendo suas acbes anti-inflamatérias, esta sendo hidrolisada e inativada pela
ADA (SCHENK et al., 2008; JUNGER, 2011). Além disso, o provavel aumento dos
niveis de ATP na circulagdo sugere uma maior ativagdo dos linfécitos com a
consequente liberagdo de mediadores inflamatérios (JUNGER, 2011. KANTHI et al.,
2014).

Evidenciando o estado inflamatorio observado nos ratos hipertensos,
verificou-se um aumento na atividade das enzimas colinérgicas AChE e BuChE em
linfocitos, sangue total e soro. A partir desse resultado, pode-se inferir que niveis
diminuidos de ACh estdo disponiveis na circulagdo. Sendo a ACh uma molécula
com agbes anti-inflamatérias (DAS, 2007), uma diminuigdo na sua concentragao
pode estar interligada ao desenvolvimento do quadro inflamatério comum a
hipertensdo e que foi confirmado a partir da elevagdo dos niveis da PCR, MPO e
acido urico. Esta relagdo entre o quadro inflamatorio e atividade aumentada das
colinesterases ja € bem descrita na literatura (DAS, 2007; KAWASHIMA et al.,
2003).
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Quando analisados em conjunto, os dados obtidos quanto as atividades
enzimaticas nos permitem inferir que o ATP (molécula pro-inflamatérias) e o ADP
(molécula pro-agregante) estdo sendo liberados no meio extracelular em maior
quantidade em ratos hipertensos e que as moléculas que exerceriam acdes anti-
agregantes (adenosina) e anti-inflamatérias (ACh) estdo sendo rapidamente
hidrolisadas e inativadas. E importante ressaltar aqui que este trabalho demonstrou
que o aumento da atividade das NTPDase, ADA e AChE em linfocitos, bem como o
aumento da atividade da AChE em sangue total e BUChE em soro correlacionaram-
se positivamente com 0 aumento da pressao sanguinea.

Este cenario evidencia claramente a relacdo destas enzimas com a
hipertensao e corrobora com o ja descrito por Kanthi et al. (2014) e Das (2007) sobre
a importancia dos sistemas purinérgico e colinérgico no desenvolvimento e na
progressdo da inflamagdo e dos processos tromboembdlicos responsaveis pelas
complicagdes advindas da hipertensdo. Diversos estudos realizados em nosso grupo
de pesquisa confirmam a relacdo entre modificagcbes nas atividades das
ectonucleotidases, da ADA e das colinesterases em componentes sanguineos em
resposta a diversas patologias que possuem como caracteristica o processo
inflamatério (SCHETINGER et al., 2007; SPANEVELLO et al., 2010; BERTONCHELI
et al., 2012; SOUZA et al., 2012; ZANINI et al., 2013), dados esses que se
assemelham com as proposi¢cdes aqui descritas.

De grande relevancia cientifica e que configura-se como o ponto principal
deste trabalho, o exercicio fisico mostrou-se como um potente protetor e regulador
da atividade das enzimas dos sistemas purinérgico e colinérgico em ratos
hipertensos, além de, como ja esperado (HUSAIN, 2002; KURU et al., 2002;
FAGARD & CORNELISSEN, 2007; KURU et al., 2009; RYAN et al., 2014), reduzir
0s niveis da PA.

No presente estudo, seis semanas de natagcao foram capazes de prevenir 0
aumento da atividade da enzimas NTPDase, ecto-5-nucleotidase e ADA em
plaquetas de ratos com hipertensdo induzida através da administragdo de L-NAME.
O fato de manter a atividade enzimatica nos mesmos niveis dos ratos normotensos
indica que os niveis circulantes de ATP e ADP que sdo moléculas que induzem a
agregacao plaquetaria (KAHNER et al., 2005; DEAGLIO e ROBSON, 2011) se
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mantiveram em niveis fisiolégicos, o que provavelmente contribuiu para seus efeitos
em prevenir a agregacéao plaquetaria.

Além disso, a atividade da ADA reduzida no grupo hipertenso tratado com o
exercicio pode n&o apenas indicar uma diminuigdo em toda a cascata de hidrélise de
nucleotideos, mas, principalmente sugerir que uma maior quantidade de adenosina
estara disponivel na circulagdo, podendo exercer seus efeitos anti-agregantes
(BAKKER et al., 1994; DEAGLIO e ROBSON, 2011). Sendo assim, esta modulagéo
exercida pelo exercicio nas plaquetas pode ser entendida como um dos mecanismos
relacionados aos efeitos protetores do exercicio quanto aos processos
tromboembdlicos que representam risco adicional na hipertensdo. Estes achados
corroboram com os de Singh et al. (2006) que reforga o fato de que, cronicamente, o
exercicio fisico é capaz de produzir adaptagdes plaquetarias que geram a redugao
de sua ativagao, sendo, dessa forma, cardioprotetor.

Além de promover adaptagdes benéficas quanto a ativagao das plaquetas, as
seis semanas de treinamento fisico preveniram o aumento da atividade da NTPDase
em linfécitos, sugerindo uma possivel reducdo dos niveis de ATP no meio
extracelular. Com relagcdo a expressdo da NPTDase1, o exercicio per se gerou a
reducdo da expressdo desta enzima, mas n&o apresentou efeitos significativos nos
ratos hipertensos. Contudo, essa redugdo ocasionada pelo exercicio também
corrobora para o fato de que o exercicio possuiu o potencial de reduzir os niveis de
ATP circulante. Esta resposta pode ser relacionada a reducédo da inflamacéo e a
manutengado da integridade endotelial promovida pelo exercicio (GLEESON et al.,
2011; SKRYPNIK et al., 2014), pois, células menos estressadas liberam menor
quantidade de ATP e, consequentemente, geram menor ativacdo dos linfocitos
(JUNGER, 2011). Ainda, o ATP liberado pode estar agindo nos receptores P2 das
células endoteliais para promover a vasodilatagdo (ALONSO, 2012), fator importante
para a reducao da PA.

Corroborando com a relagdo entre os componentes do sistema purinérgico, o
exercicio fisico e a inflamacgao, observou-se que o exercicio manteve a atividade da
ADA nos mesmos niveis verificados nos ratos normotensos. Essa atividade reduzida
(quando comparada com os hipertensos) indica que maior quantidade de adenosina
pode estar disponivel no espaco extracelular. Sabendo-se que a adenosina possui
propriedades anti-inflamatérias (JUNGER, 2011) e antitrombéticas (DEAGLIO e
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ROBSON, 2011), esses resultados, aliados aos encontrados nas analises
plaquetarias, confirmam os efeitos protetores do exercicio fisico e indicam que estes
possam ser possiveis mecanismos para o controle da pressao arterial.

Além de seu papel como regulador da atividade das enzimas purinérgicas, o
exercicio fisico também preveniu o aumento da atividade das colinesterases em
componentes sanguineos de ratos hipertensos. A baixa atividade enzimatica
observada apos o treinamento indica que os niveis de ACh estdo preservados no
meio extracelular na vasculatura e, dessa forma, estdo ajudando a evitar e/ou
controlar a inflamagéao (DAS, 2007) induzida pela hipertensao.

Como forma de comprovar a relagdo entre as enzimas purinérgicas e
colinérgicas na inflamagéo e os efeitos anti-inflamatorios do exercicio em ratos
hipertensos, os dados obtidos neste estudos mostraram que a natacgao foi eficiente
em prevenir o aumento de marcadores inflamatérios classicos (PCR e MPO), além
de prevenir a dislipidemia observada em ratos hipertensos. As alteragbes
metabdlicas que ocorrem durante a atividade fisica, bem como, a maior necessidade
de suprimento energético pelas células musculares em contracdo (HERZBERG,
2004) explicam a manutengao dos niveis de colesterol e triglicerideos. Os efeitos do
exercicio fisico na reducdo dos niveis de colesterol, triglicerideos e marcadores
inflamatdrios ja sdo amplamente conhecidos (HERZBERG, 2004; PASCHALIS et al.,
2010; RYAN et al., 2014; SKRYPNIK et al., 2014) e, no presente estudo, tem o papel
de salientar os efeitos anti-inflamatérios do mesmo e sua relagcdo com a manutencao
das enzimas purinérgicas e colinérgicas.

Interessantemente, o exercicio fisico ndo foi capaz de reduzir ou controlar os
niveis de acido urico em ratos hipertensos. Os estudos recentes apontam uma
correlagao positiva entre o nivel de condicionamento fisico, diminuicdo da pressao
sanguinea e baixos niveis séricos de acido urico (medida usada tanto como
marcador inflamatério quanto de dano renal) (TRAPE et al., 2013; NETO et al.,
2013). Entretanto, um estudo realizado em ratos com hipertensdo induzida através
da administracdo de L-NAME mostrou que o exercicio fisico moderado gerou
aumento nos niveis de acido urico e prejuizos na funcao renal (KURU et al., 2005).
Sendo assim, esta € uma questdo que deve ser melhor elucidada em pesquisas
posteriores. Entretanto, especula-se que o composto L-NAME utilizado para induzir
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a hipertensdo poderia estar bloqueando os efeitos benéficos do exercicio quanto a
reducao dos niveis de &cido urico (KURU et al., 2005).

Na tentativa de melhor compreender as alteragdes crénicas desencadeadas
pelo treinamento com a natagéo, foi realizada a medida da atividade das enzimas
dos sistemas purinérgico e colinérgico em resposta a uma uUnica sessdo de
treinamento. Com relacédo aos resultados para a atividade das ectonucleotidases e
da ADA em plaquetas e da AChE em sangue total e linfocitos na sessao aguda de
exercicio, observa-se um aumento na atividade dessas enzimas imediatamente apos
o estimulo, indicando que niveis elevados de ATP e ACh estdo sendo liberados
durante o exercicio. Como ja salientado, essas moléculas agem como potentes
vasodilatadores quando se ligam a seus receptores nas células endoteliais
(HELLSTEN et al., 2012). Embora este seja um experimento pioneiro, como a
demanda de oxigénio aumenta significativamente durante uma sess&o de exercicio
moderado e mais substancias vasoativas sdo requeridas neste processo (ALONSO,
2012), as respostas encontradas configuram-se como algo esperado.

Entretanto, quando analisadas as respostas relacionadas aos parametros
inflamatorios em resposta ao exercicio agudo, parece existir uma contradigao. O
ATP é considerado como uma molécula pré-inflamatéria por desencadear a ativagao
dos linfécitos (JUNGER, 2011; KANTHI et al.,, 2014). Ja, um aumento nas
concentragdes circulantes de ACh, estao relacionadas a respostas anti-inflamatérias
(DAS, 2007). Durante o exercicio, ocorre um aumento na concentracao de ambas as
moléculas. Entretanto, as atividades das enzimas AChE e NTPDase nos linfécitos
sao opostas.

Uma menor atividade da NTPDase € observada nos linfécitos, indicando que
mais ATP parece estar disponivel para se ligar aos receptores nessas ceélulas, e,
com isso, auxiliar na producdo de respostas pré-inflamatdrias. Efeitos esses ja
observados em outros estudos, como, por exemplo, aumento da produgao de IL-6
apos o exercicio (STEENSBERG et al.,, 2003; GLEESON et al.,, 2011). Ja, a
atividade da AChE aumentada nessas células nos permite inferir que mesmo que a
molécula esteja sendo produzida em maior quantidade (devido a seus efeitos
vasodilatadores), nos linfocitos ela esta sendo rapidamente degradada e, dessa
forma, seus efeitos anti-inflamatérios nao estdo sendo exercidos. Ou, ainda, pode-se

especular que mesmo que a ACh esteja agindo, as respostas pré-inflamatérias
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sobressaem-se em decorréncia do estimulo agudo gerado pelo exercicio aerdbico
moderado (GLEESON et al., 2011).

Entretanto, para que estas suposicdes se confirmem, é importante que se
faca a dosagem do conteudo circulante de ATP, adenosina e ACh durante uma
sessdo de exercicio. Outro ponto importante que permanece sendo questionado é
se a manutengcdo da pressdo sanguinea gerada pelo exercicio neste modelo
experimental foi causa ou consequéncia das alteragdes verificadas na atividade das
enzimas estudadas. Esta questdo poderia ser melhor elucidada com a realizagéo
das dosagens enzimaticas em periodos diferentes do tratamento.

Além disso, cita-se como principal limitagdo do estudo, o fato de que a
inducdo da hipertensdo nos ratos foi realizada através da inibicdo da producéo de
ON e, em humanos, a hipertensdo geralmente é multifatorial e as alteragdes
vasculares podem ser distintas. Embora este modelo experimental seja bastante
utilizado para a compreensdo dos mecanismos hipertensivos e de terapias
alternativas no tratamento da hipertensao (BAYLIS et al.,, 1992; RIBEIRO et al.,
1992; HUSAIN, 2002; FURSTENAU et al., 2008; FURSTENAU et al., 2010), existe a
possibilidade de que as respostas encontradas no presente estudo tenham uma
relagdo mais direta com a inibicdo da sintese de ON.

Contudo, este estudo permitiu desvendar em parte o0s mecanismos
relacionados aos processos protetores advindos da pratica regular de exercicio
fisicos na hipertensdo relativos aos processos inflamatorios e a agregacéo
plaquetaria. Os resultados observados apontam para o fato de que o exercicio atua
como modulador da atividade das enzimas dos sistemas purinérgico e colinérgico
nesta patologia e, dessa forma, pode exercer controle sobre os niveis de ATP, ADP,
AMP, adenosina e ACh. Cronicamente, o exercicio fisico foi capaz de manter as
atividades enzimaticas nos mesmos niveis observados em organismos saudaveis, o
que correlaciona-se com o fato de ter reduzido a pressdo sanguinea. Sugere-se que
estas respostas tenham sido provenientes das adaptagdes ocorridas no organismo
decorrentes de cada estimulo agudo, ou seja, de cada sessao de exercicio isolada
que promoveu um estimulo suficiente para quebrar a homeostase do organismo e
promover adaptacdes benéficas. Entretanto, incentiva-se fortemente que mais
estudos sejam realizados afim de melhor elucidar os mecanismos moleculares que

estdo atuando nesta modulagéo.
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5. CONCLUSOES

. O treinamento com natagéo foi capaz de reduzir a pressdo sanguinea de
ratos com hipertensdo induzida através da administragdo do L-NAME,
reforgando os efeitos benéficos da pratica regular de exercicios fisicos no
tratamento da hipertensdo. Nado foram encontradas diferengas significativas
com relacdo a frequéncia cardiaca, embora uma tendéncia a reducao tenha
sido observada como resposta ao treinamento. Esta diminuigdo discreta da
FC é esperada em resposta ao treinamento aerdbio moderado e reforga o

efeito do exercicio na adaptacao cardiovascular.

. Cronicamente, o exercicio fisico preveniu o aumento da atividade da enzimas
NTPDase, ecto-5-nucleotidase e ADA em plaquetas, o que provavelmente
contribuiu para seus efeitos em prevenir a agregacgao plaquetaria. Acredita-se
que esses efeitos se devem a reducao da liberacdo de ATP e ADP, moléculas
pro-agregantes. Nao foram observadas alteragbes na atividade da E-NPP, o
que sugere que os efeitos observados estejam mais relacionados as outras
enzimas e que a E-NPP pode ter uma baixa expressdo nas células
analisadas.

. Em linfocitos, o exercicio foi eficaz em prevenir o aumento da atividade das
NTPDases e da ADA, sugerindo que a possivel redugdo dos niveis de ATP
circulantes estejam relacionados com o0s mecanismos anti-inflamatorios
advindos da pratica regular de exercicios fisicos. Com relagdo a expresséo da
NPTDase1, o exercicio per se gerou a redugédo da expressédo desta enzima,
mas ndo apresentou efeitos significativos nos ratos hipertensos. Contudo,
essa reducao ocasionada pelo exercicio também corrobora para o fato de que
0 exercicio possuiu o potencial de reduzir os niveis de ATP circulante e, com

isso, reduzir as respostas inflamatérias.
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O treinamento com a natagao também preveniu o aumento da atividade das
colinesterases em componentes sanguineos de ratos hipertensos. Isto pode
ser entendido como um outro mecanismo gerado pelo exercicio para o
controle do processo inflamatorio, ja que uma maior quantidade de ACh ficara

disponivel e podera exercer seus efeitos anti-inflamatorios.

A prevengao do aumento dos niveis de colesterol, triglicerideos, PCR e MPO
gerada pela pratica da natagdo reforgca o fato de que o exercicio reduziu a
inflamacdo em ratos hipertensos. Isto também reforca a importédncia da
dosagem das enzimas dos sistemas purinérgico e colinérgico como
parametros inflamatorios e que estes podem ser regulados pela pratica
regular de exercicios fisicos. O exercicio fisico ndo foi capaz de reduzir os
niveis de acido urico em ratos hipertensos, o que pode ter acontecido em
funcdo do modelo de indugao da hipertensao utilizado.

O aumento da atividade das enzimas do sistemas colinérgico em sangue
total, linfocitos e soro e do sistema purinérgico em plaquetas, bem como a
diminuicdo da atividade da NTPDase e da ADA em linfécitos como resposta
ao exercicio agudo nos permite inferir que durante cada sessao de exercicio
ocorre um aumento do ATP e ADP circulantes e que a ACh n&o esta
exercendo seus efeitos nas células de defesa. Estes fatores indicam que
respostas pro-inflamatorias e pro-trombdticas estdo ocorrendo durante o
exercicio, e que estas servem como estimulos para gerar as adaptacdes
benéficas observadas cronicamente, ou seja, apdés as 6 semanas de

treinamento com natacéo.
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6. PERSPECTIVAS

Este trabalho forneceu subsidios importantes para o esclarecimento da
relacdo entre as enzimas dos sistemas purinérgico e colinérgico na hipertenséo,
bem como o papel da pratica regular de exercicio sobre as mesmas nesta patologia.
Entretanto, muitos aspectos da inter-relagdo exercicio, sistemas colinérgico e
purinérgico e hipertensao ainda permanecem desconhecidos.

Neste sentido, aponta-se como foco de futuros trabalhos, o seguinte:

v" Avaliagdo dos mecanismos moleculares envolvidos na modulagédo dos sistemas

colinérgico e purinérgico através do exercicio fisico.

v Realizagdo das dosagens enzimaticas e analise dos parametros hemodinamicos
em diferentes momentos do protocolo experimental. Isto permitiria elucidar se as
alteracbes observadas na pressao arterial sdo causa ou consequéncia das

mudancas verificadas nas atividades enzimaticas.

v Investigagdo da expressdo génica dos componentes dos sistemas colinérgico e
purinérgico em sangue de ratos hipertensos apds a exposi¢ao a seis semanas
de natagcdo, o que possibilitaria uma melhor compreensdo dos resultados
contidos nesta tese.

v' Avaliacdo do efeito de seis semanas de natacdo sobre os componentes dos
sistemas purinérgico e colinérgico em rins e no encéfalo de ratos hipertensos.
Este ponto seria importante para relacionar as alteragdes sistémicas observadas
através dos resultados desta tese com alteragdes locais. Neste sentido,
evidenciam-se os rins e o encéfalo como focos da investigagdo por serem locais

que sabidamente sao afetados pela hipertensao.
v Investigagdo da relagdo entre os sistemas colinérgico e purinérgico na

adaptacdo ao treinamento fisico. Isto ajudaria a elucidar o que ocorre no

organismo com a pratica de exercicios fisicos e esclareceria a importancia
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relativa dos sistemas aqui estudados na melhora do rendimento/performance

fisica.

v' Avaliagédo da atividade e da expressao das enzimas estudadas em sangue de
pacientes hipertensos em resposta a um programa de treinamento fisico aerébio
moderado. Desta forma, poder-se-ia validar o modelo experimental utilizado e
afirmar que as proposicdes podem ser estendidas aos pacientes. Além disso,
isto proporcionaria maior fidedignidade a experimentos futuros que objetivem a
analise dos mecanismos envolvidos nestas alteragdes, bem como os estudos

em outros tecidos utilizando este modelo de indug¢ao da hipertenséo.
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ANEXOS

ANEXO A — Carta de Aprovacdo pelo Comité Interno de Etica em Experimentagéo
Animal - UFSM

wersic
N 0%

UNIVERSIDADE FEDERAL DE SANTA MARIA
_PRO-REITORIA DE POS-GRADUAGAO E PESQUISA
COMITE INTERNO DE ETICA EM EXPERIMENTAGAO ANIMAL-UFSM

CARTA DE APROVACAO

O Comité Interno de Etica em Experimentacdo Animal-UFSM, analisou o protocolo de
pesquisa:

Titulo do Projeto: Efeitos do exercicio sobre a atividade das ectonucleotidases, da
acetilcolinesteras e sobre parametros de estresse oxidativo em ratos hipertensos.
Numera do Parecer: 029/2011

Pesquisador Responsavel: Dra Maria Rosa Chitolina Schetinger

Este projeto foi APROVADO em seus aspectos éticos e metodolégicos. Toda e qualguer

alterag&o do Projeto, assim como os eventos adversos graves, deverdo ser comunicados
imediatamente a este Comité.

Os membros da CIETEA-UFSM néo participaram do processo de avaliagéo dos projetos
onde constam como pesquisadores.

DATA DA REUNIAO DE APROVAGAO:

Santa Maria, 11 de abril de 2011.

/

Marta Lizandra do-Régo Leal
Coordenador do Comité Interno de Etica em Experimentagao
Animal-UFSM

Comité Interno de Etica em Experimentag&o Animal - UFSM - Av. Roraima, 1000 — Prédio da Reitoria - 2°
andar - Campus Universitario 97105-900 - Santa Maria — RS - - Tel: 0 xx 55 3220 9362
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APENDICES

APENDICE A - Resultados obtidos durante o Programa de Doutorado Sanduiche no
Exterior (PDSE)

O PDSE foi realizado sob a supervisdo do Prof. Dr. Jean Sévigny no
departamento de Microbiologia, Doengas Infecciosas e Imunologia do curso de
Medicina da Université Laval, na cidade de Quebec (Canada). O doutorado
sanduiche teve duracéo de 1 ano e possibilitou a criacdo e o desenvolvimento de um
projeto de pesquisa que tem por objetivo avaliar as adaptagbes do sistema
purinérgico induzidas pela pratica regular de exercicio fisico moderado.

Até o presente momento, resultados promissores foram obtidos. Entretanto,
ainda nao existem dados suficientes para obter informagdes conclusivas a respeito
dos mecanismos responsaveis pela inter-relacdo exercicio fisico — sistema
purinérgico. Sendo assim, o projeto continua em andamento e espera-se que muito
em breve subsidios concretos para serem publicados sejam obtidos.

Como resultados parciais deste trabalho, foi apresentado um resumo na
Jornada Cientifica do “Centre Hospitalier Université Laval (CHUL) — CHUQ”, como

segue:
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The role of P2Y, receptor in exercise adaptation

Andréia Machado Cardoso'?, Lucas Passos Barreto®, Alain Tremblay3, Julie Pelletier’,
Maria Rosa Chitolina Schetinger', Jean Sévigny’

! Department of Chemistry, CCNE, Universidade Federal de Santa Maria - RS — Brazil
* DBB- Department of Biochemistry and Molecular Biology, Universidade Federal de
Vigosa- MG- Brazil

3 CRRI, Faculté de Médecine, Université Laval, Québec.

Introduction

Purinergic signaling is involved in an exercise session and process adaptations into chronic
exercise. During a bout of exercise, red blood cells are exposed to a low oxygen tension
environment, producing a large ATP release which activates purinergic receptors. In this
process there is the involvement of nucleotidases as a way to control blood flow. Chronically,
there is an adaptation of purinergic system that probably is related to performance
improvement. However, the mechanisms implicated in this relationship are poorly understood
[1,2]. The aim of this work was to verify the role of P2Y, receptor in exercise-induced
purinergic system adaptation.

Material and Methods

Wild Type and P2ry6” mice were divided in two subgroups (n=6), Swimming and
Sedentary. Exercised groups were submitted to swimming training during 4 weeks, 5
days/week, with progressive increase in time and body load up to reach 1h and 3% of body
weight.

To evaluate exercise capacity we performed two test: 1) measurement of the time taken for a
mouse to reach exhaustion during a swimming test with a 10% load of their weight, and 2)
lactate production in the blood of the mice that swam for 3 min with a load of 0, 4% and 8%
of their body weight.

After in vivo tests, heart and gastrocnemius muscle were removed for immunohistochemistry
and qPCR analysis. Antibody against CD31 was used to estimate blood vessel’s concentration
and the expression of eNOS and LDH were verified.
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Results

P2ry6”" swimming mice displayed impaired performance and showed high levels of lactate
production when compared to wild type swimming mice.
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Less CD31 positive microvessels and low expression of eNOS and LDH were observed in
P2ry6”" swimming mice.
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Conclusion

These preliminar results suggest that P2Y¢ receptor is involved in adaptations to exercise and
performance.
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