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A sindrome metabdlica (SMet) € uma condicdo caracterizada pela presenca de multiplos fatores de
risco cardiovasculares, como hipertensdo, hiperglicemia, dislipidemia e obesidade abdominal. A
associacao desses fatores propicia condi¢cdes pro-trombdéticas e pro-inflamatorias, as quais contribuem
para o processo da aterosclerose. A agregacgdo plaquetéria e a resposta imune-inflamatéria séo
reguladas por diversos mecanismos, incluindo a sinalizagéo purinérgica via nucleotideos (ATP, ADP e
AMP) e nucleosideo de adenina extracelulares. Os niveis extracelulares destas moléculas séo
controlados por enzimas como as E-NTPDases (Ecto-nucleotideo Trifosfato Difosfoidrolases), E-NPPs
(Ecto-Nucleotideo Pirofosfatase/Fosfodiesterases), E-5-nucleotidase e a ADA (Adenosina
Desaminase). Estudos tém demonstrado que o treinamento fisico favorece a produ¢éo de adenosina
e controla os niveis de ATP e de ADP, diminuindo os efeitos danosos sobre o sistema cardiovascular.
Comparativamente, tem sido observado uma série de a¢des benéficas e de efeitos cardioprotetores do
exercicio fisico na SMet. Neste contexto, o objetivo do presente estudo foi verificar o efeito da pratica
regular de exercicios fisicos sobre a atividade das enzimas do sistema purinérgico em plaquetas e
linfdcitos, bem como sobre a agregacdo plaguetaria e marcadores inflamatérios de pacientes com
SMet. Esses parametros foram avaliados em pacientes com SMet (n=38) nho momento do diagndstico
e apbés um plano de 30 semanas de exercicios fisicos do tipo concorrente, praticado 3 vezes por
semana. Todos os pardmetros também foram avaliados em um grupo de individuos saudaveis (n=30)
sem intervencéo fisica. Os resultados obtidos demonstraram significativo aumento na atividade das
enzimas E-NTPDase, E-NPP e E-5-nucleotidase, e diminuicdo na atividade da enzima ADA em
plaguetas de pacientes com SMet, acompanhado de um aumento na agregacdo plaquetéria.
Semelhantemente, em linfécitos a atividade da E-NTPDase se mostrou aumentada e a atividade da
enzima ADA diminuida, concomitante a elevacéo nos niveis dos marcadores inflamatdrios na SMet.
Por outro lado, a pratica regular de exercicios fisicos foi capaz de reverter essas alteracdes ao final das
30 semanas de treinamento, retornando as atividades enzimaticas para o nivel basal ou préximo a ele
tanto em plaguetas quanto em linfocitos. Da mesma forma, a agregacéo plaquetaria, os marcadores
inflamatdérios e os parametros antropométricos e bioquimicos também retornaram aos niveis normais
apos as 30 semanas de intervencdo. Apds 15 semanas de treinamento fisico foi observado uma
melhora nas atividades enzimaticas em linfécitos e nos parametros bioquimicos e inflamatérios dos
pacientes com SMet, porém os resultados ndo chegaram a atingir os niveis basais. Assim, os resultados
descritos aqui sugerem que as enzimas do sistema purinérgico tenham significativas funcdes na SMet,
com efeitos cardioprotetores e participacdo no controle do desequilibrio metabdlico; e suas dosagens
poderiam servir como parametros inflamatorios, tromboéticos e metabdlicos. J4 a pratica regular de
exercicio fisico desempenha importantes fun¢des de regulagcao metabdlica e efeitos anti-tromboticos e
anti-inflamatorios, modulando, assim, a atividade das enzimas do sistema purinérgico na SMet. Conclui-
se também que a prética regular e a longo prazo é essencial para a obtencéo dos efeitos benéficos do
exercicio na condigdo da SMet.

Palavras-chave: Sindrome Metabdlica. Ectonucleotidases. Exercicio Fisico. Plaquetas. Linfdcitos.
Agregacao Plaquetaria. Inflamacao.
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Metabolic syndrome (MetS) is a condition characterized by the presence of multiple cardiovascular risk
factors such as hypertension, hyperglycemia, hyperlipidemia and abdominal obesity. The association of
these factors provides pro-thrombotic and pro-inflammatory conditions, which contribute to the
atherosclerosis process. Platelet aggregation and the immune-inflammatory response are governed by
several mechanisms, including the purinergic signaling way extracellular adenine nucleotides (ATP,
ADP, and AMP) and nucleoside. Extracellular levels of these molecules and the consequent control of
purinergic signaling induced by them is performed by enzymes such as E-NTPDases (Ecto-nucleotide
Triphosphate Difosfoidrolases), E-NPPs (Ecto-Nucleotide Pyrophosphatase/Phosphodiesterases), E-
5'-nucleotidase and ADA (Adenosine Deaminase). Studies have shown that exercise training promotes
the production of adenosine and controls the ATP and ADP levels, decreasing the harmful effects on
the cardiovascular system. By comparison, it has been observed a series of beneficial actions and
cardioprotective effects of exercise training on MetS. In this context, the aim of this study was to verify
the effect of the regular practice of physical exercise on the activity of the purinergic enzymes in platelets
and lymphocytes, as well as on platelet aggregation and inflammatory markers of the MetS patients.
These parameters were evaluated in MetS patients (n = 38) at the time of diagnosis and after 30 weeks
of a concurrent physical exercises plan, practiced 3 times a week. All parameters were also measured
in a group of healthy subjects (n = 30) without exercise intervention. The obtained results demonstrated
significant increase in the activity of the E-NTPDase, E-NPP and E-5'-nucleotidase enzymes, and
decrease in the activity of the ADA enzyme in platelets of MetS patients, accompanied by an increase
in platelet aggregation. Similarly, in lymphocytes, the E-NTPDase activity was increased and ADA
activity was diminished, concomitant to an elevation in the levels of inflammatory markers in MetS group.
On the other hand, the regular practice of exercise training was able to revert these changes at the end
of the 30-weeks of training, returning the enzymatic activities to the basal level or close to it in both
platelets and lymphocytes. Similarly, platelet aggregation, inflammatory markers and the anthropometric
and biochemical parameters also returned to normal levels after the 30 weeks. After 15 weeks of the
exercise training it was observed an improvement in the enzymatic activities in lymphocytes and in
biochemical and inflammatory parameters of MetS patients, but the results did not reach basal levels.
Thus, the results described here suggest that the purinergic enzymes have significant functions in SMet,
with cardioprotective effects and participation in the control of metabolic imbalance; and their measure
could serve as inflammatory, thrombotic and metabolic markers. Additionally, the regular exercise
training plays important roles of metabolic regulation and anti-trombéticos and anti-inflammatory effects
by modulating the activity of enzymes of the purinergic system in MetS. It is also concluded that the
long-term and regular practice are essential to obtain the beneficial effects of exercise training on the
MetS condition.

Keywords: Metabolic Syndrome. Ectonucleotidases. Exercise Training. Platelets. Lymphocytes.
Platelet Aggregation. Inflammation.
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1. INTRODUCAO

A sindrome metabdlica (SMet) € uma condicao caracterizada pela coexisténcia
de diversos fatores de risco para doencas cardiovasculares (DCV), incluindo
hiperglicemia, hipertenséo, dislipidemia e obesidade abdominal (HAN & LEAN, 2015).
Como a integragéo de mais de um fator de risco dobra as chances de desenvolvimento
de DCV e aumenta em até cinco vezes o risco para diabetes mellitus tipo 2 (DMT2)
(SADIKOT & HERMANS, 2010), a identificagéo de pessoas portadoras de SMet tem
sido considerada uma importante estratégia para a prevencdo de desordens
cardiometabolicas no ambito da saude publica (SCHMIDT et al., 2011).

Atualmente, o estilo de vida caracterizado pela inatividade fisica e por dietas
desbalanceadas tem favorecido o aumento em proporgdes epidémicas no numero de
diagnésticos da SMet (KIM & CHOI, 2016). A SMet esta presente em
aproximadamente 20 a 30% da populacdo mundial adulta e estima-se que 0 numero
de diagnosticados deva atingir 1 bilh&do até o ano de 2025 (KASTORINI et al., 2016).
No Brasil, aproximadamente 30% da populagéo é portadora de SMet, sendo que as
prevaléncias variam de acordo com as transicdes demogréficas, epidemioldgicas e
nutricionais, bem como nas diferentes macrorregiées do pais, demonstrando 29,8%,
20,1% e 41,5% de prevaléncia para as regides urbana, rural e indigena,
respectivamente (VIDIGAL et al., 2013).

Entre os géneros, a prevaléncia da SMet tem sido predominante no sexo
feminino, uma vez que alteracdes nos niveis hormonais de estrogénio contribuem para
0 aumento dos riscos cardiovasculares (HEVENER, CLEGG, & MAUVAIS-JARVIS,
2015). Em adultos brasileiros a prevaléncia da SMet foi demonstrada ser de 48,9%
para homens e 59% para mulheres (MURUCI, FRANCISCO & ALVES, 2015).
Entretanto, alguns estudos demonstram néo ter diferencas entre a prevaléncia de
géneros, 0 que poderia ser justificado pelas variacbes de etnia e de idade entre os
estudos (DUTRA et al., 2012; GRONNER et al., 2011). De fato, a prevaléncia da SMet
aumenta com a idade e tem sido mais expressiva na faixa etaria de 55 a 65 anos
(DUARTE et al., 2016).

Da mesma forma, as prevaléncias dos fatores de risco cardiovasculares nas
populacdes diagnosticadas com SMet variam de acordo com as caracteristicas da

regido estudada. No Brasil, os baixos niveis de colesterol-HDL (high-density



17

lipoprotein, em inglés) (VIDIGAL et al., 2013) e a hipertensao (SCHMIDT et al., 2011)
foram os componentes da SMet mais comumente presentes.

Diabetes, obesidade, hipertensdo e as consequentes DCV séo responsaveis
por aproximadamente 40% do total de mortes no Brasil (SCHMIDT et al., 2011).
Entretanto, o desenvolvimento de programas de controle do tabagismo e a melhoria
no acesso aos cuidados primarios tém ajudado a diminuir as taxas de mortalidade por
DCV, mas apresentam pouco efeito sobre as taxas de mortalidade pelos fatores de
risco (hipertensdo, dislipidemia, obesidade e diabetes), as quais permanecem
estaveis em propor¢cbes de 2 a 11% ou crescentes, conforme o fator de risco
(SCHMIDT et al., 2011).

Além disso, a ampla prevaléncia das DCV e dos seus fatores de risco
promovem elevados custos meédicos e socioecondmicos com tratamentos,
internacgdes, profissionais especializados, entre outros. Apenas para o tratamento de
doencas associadas a obesidade, o sistema unico de saude (SUS) gasta anualmente
R$ 488 milhdes e ainda assim o numero de brasileiros mortos por complicacdes
diretamente relacionadas & obesidade n&o para de crescer (MINISTERIO DA SAUDE,
2013). Segundo a OMS, um investimento maior na assisténcia e nos tratamentos das
DCV e dos seus fatores de risco poderia levar a uma perda econémica de US $ 4,18
bilhdes para o Brasil (SCHMIDT et al., 2011).

A preocupacdo com a SMet, entretanto, teve seu inicio ainda nos anos oitenta,
guando o pesquisador Reaven (1988) foi o primeiro a apontar este agrupamento de
anormalidades metabdlicas, nomeando-o de Sindrome X. Com o tempo outros termos
foram sendo criados para representar essa condicdo, incluindo Sindrome
Plurimetabdlica, Sindrome de Reaven, Sindrome de resisténcia a insulina e, por fim,
a SMet, que ganhou a aceitacdo internacional e o codigo E88.81 na Classificagdo
Internacional de Doengas nas duas ultimas decadas (HAN & LEAN, 2016).

Conforme o tipo de critério utilizado para o diagnostico da SMet, os valores de
prevaléncia e incidéncia podem ser ainda maiores, ja que diferentes organizacoes,
incluindo a Organizacdo Mundial da Saude (OMS), International Diabetes Federation
(IDF) e National Cholesterol Education Program / Adult Treatment Panel Il
(NCEP/ATP-III), apresentam variacdes na definicdo da SMet, conforme demonstrado
no Quadro 1 (HAN & LEAN, 2016). A intolerancia a glicose ou a resisténcia insulinica
€ um componente essencial da SMet segundo a OMS (1998), enquanto que a
obesidade abdominal é o critério essencial segundo a IDF (2006). O NCEP-ATP llI
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(NIH, 2001), por sua vez, considera 0s mesmos critérios, entretanto ndo exige a
presenca de um componente essencial. Entretanto, mesmo que todas as definicoes
tenham sido desenvolvidas com o intuito de incluir a SMet na pratica-clinica, a
definicdo do NCEP/ATP-11I € a mais amplamente utilizada como critério de diagndstico
(HAN & LEAN, 2015).

Quadro 1 - Definigbes da sindrome metabodlica de acordo com as trés principais

organizacdes internacionais.

insulina

baixa sensibilidade a
insulina

glicemia de jejum

Critério Clinico OMS IDF NCEP/ATPIII
Intolerancia a glicose,
A alteracéo na glicemia Intolerancia a glicose
Resisténcia a L ~ "
de jejum, DMT2 ou ou alteracdo na N&ao requer

Peso corporal

Homem: relacdo
cintura/quadril > 0,9

Homem: circunferéncia

Homem: circunferéncia

Ou medicacao
especifica para
dislipidemia

ou Mulher: relagédo abdominal = 94 cm abdominal 2 102 cm
Circunferéncia cintura/quadril > 0,85 | Mulher: Circunferéncia | Mulher: Circunferéncia
abdominal e/ou abdominal = 80 cm abdominal = 88 cm
IMC > 30 Kg/m?
TG = 150 mg/dL ou TG 2 150 mg/dL ou
medicacao especifica medicacado especifica
para dislipidemia para dislipidemia
TG = 150 mg/dL e/ou elou elou
Homem: HDL < 35 Homem: HDL < 40 Homem: HDL < 40
Perfil lipidico mg/dL mg/dL mg/dL
Mulher: HDL < 39 Mulher: HDL < 50 Mulher: HDL < 50
mg/dL mg/dL mg/dL

Ou medicagéo
especifica para
dislipidemia

Presséao arterial

= 140/90 mg Hg

= 130/85 mg Hg Ou
medicacao anti-
hipertensiva

= 130/85 mg Hg Ou
medicacao anti-
hipertensiva

Intolerancia a glicose,

= 100 mg/dL e inclui

= 100 mg/dL e inclui

considerado
com Sindrome
Metabdlica se

apresentar

Intolerancia a glicose
ou resisténcia
insulinica mais dois
outros fatores

Obesidade abdominal
mais dois outros
fatores

Glicose alteracéo na glicemia
de jejum ou DMT?2 DM DM
Outros Microalbuminiria
Sujeito é

Pelo menos trés dos
fatores acima

FONTE: RYAN et al., 2010, com adaptacoes.

Contudo, cabe destacar que nem todos os individuos sdo capacitados a
desenvolver os componentes da SMet devido a variacdo genética. Estima-se que

aproximadamente 30% das variacfes de IMC e 70% das varia¢des na distribuicdo de



19

gordura corporal sdo decorrentes de fatores genéticos (BOUCHARD, 1995). Tornou-
se claro, entretando, que o desenvolvimento da obesidade e da SMet a partir da causa
genética requer a interacdo com o ambiente.

De fato, o aumento da gordura intra-abdominal e o surgimento dos riscos
metabdlicos sdo favorecidos por dietas ricas em gordura saturada, tabagismo,
inatividade fisica e ingestéo excessiva de alcool (HAN et al., 1998). Adicionalmente, 0
estresse psicossocial também tem contribuido no desenvolvimento da SMet, ja que
populacdes de baixo nivel socioeconémico apresentam elevada prevaléncia para a
maioria dos fatores de risco (SMOYER-TOMIC et al., 2008).

O principal objetivo de diagnésticar a SMet, além de desenvolver inquéritos
epidemioldgicos, € iniciar intervencdes preventivas e assim evitar o aumento no
namero de casos de DMT2 e de DCV. No entanto, de forma geral, o aparecimento do
fenétipo da SMet é marcado pelo aumento de peso, particularmente relacionado ao
aumento da circunferéncia abdominal (HAN & LEAN, 2016).

Consequentemente, a obesidade tem sido considerada uma das principais
causas da SMet e um importante indicador clinico de superalimentacdo e de
desequilibrio energético positivo (GRUNDY, 2016). Quando a quantidade de
nutrientes ingerida excede a demanda energético-metabdlica, o excesso de
triglicerideos é estocado nos adipécitos, forcando a expansdo do tecido adiposo.
Contudo, as complicacbes metabdlicas aumentam quando o tecido adiposo intra-
abdominal passa a exercer a funcdo de estocagem de gordura, uma vez que esse
tecido exibe maior densidade mitocondrial e maiores taxas de lipélise e de glicélise
que o tecido adiposo subcutaneo (HAN & LEAN, 2015; WELTY, ALFADDAGH &
ELAJAMI, 2016).

Conforme aumenta em massa, o tecido adiposo eleva gradativamente a sua
taxa metabolica e o excesso de gordura induz hipertrofia e hiperplasia dos adipdcitos,
elevando a necessidade local de oxigénio (GIACAGLIA, DA SILVA & DOS SANTOS,
2010). Entretanto, como a expansao do tecido reduz a capacidade de ampliacdo da
rede capilar ao redor dos adipécitos, o suprimento adequado de oxigénio é impedido,
favorecendo a ocorréncia de hipoxia e de necrose tecidual (KRANENDONK et al.,
2015). Nesse contexto, vias de estresse celular e de secrecdo local de citocinas
inflamatorias sdo ativadas. Excessiva quantidade dessas substancias liberadas por
uma gordura intra-abdominal expandida sado associadas ao aumento das desordens
metabolicas (WELTY, ALFADDAGH & ELAJAMI, 2016).
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Dessa forma, na SMet o tecido adiposo € um tecido de metabolismo altamente
ativado, preconizado como um 6érgao enddécrino capaz de liberar mais de 50 diferentes
tipos de moléculas conhecidas como adipocinas, as quais podem agir localmente ou
sistemicamente regulando a inflamacéo, a funcdo imune e os componentes da SMet
(WELTY, ALFADDAGH & ELAJAMI, 2016). Entre as adipocinas estéo a adiponectina,
a resistina, a leptina, as interleucinas (IL), como IL-1 e IL-6, e o fator de necrose
tumoral alfa (FNT-a), os quais sao importantes fatores da regulacéo energética (HAN
& LEAN, 2015).

Postula-se que a adiponectina € a Unica adipocina negativamente regulada na
resisténcia a insulina e parece agir como inibidor da secrecédo das demais adipocinas
(GRUNDY, 2016). E uma molécula que apresenta varias atividades bioldgicas,
incluindo propriedades anti-aterogénicas, porém seus niveis plasmaticos diminuem a
medida que o tecido adiposo aumenta, como em individuos obesos e diabéticos. Por
outro lado, a secrecao e os niveis plasmaticos de resistina, leptina, IL-1, IL-6 e FNT-a
estdo elevados em obesos, uma vez que essas adipocinas tém importante papel
inflamatorio local e sistémico, diminuem a acédo da insulina e sdo considerados
biomarcadores da obesidade associada as doecas metabdlicas (GRUNDY, 2016).

Além das desordens causadas a partir das adipocinas, o0s altos niveis
sistémicos de acidos graxos livres (AGL) também tém sido associados a disfuncdes
do tecido adiposo, a resisténcia a insulina e a esteatose hepatica ndo-alcodlica. A
limitada capacidade de estocagem do tecido adiposo subcutaneo e a maior atividade
lipolitica basal dos adipdcitos viscerais permitem um persistente aumento do fluxo de
AGL para a circulagéo a partir do tecido adiposo expandido (COOKE et al., 2016). A
grande quantidade de AGL liberados via sistema portal para o figado pode interferir
no clearance da insulina pelo figado, aumentar a taxa de turnover dos AGL e assim
favorecer a resisténcia a insulina e a acumulacédo dos AGL nos tecidos na forma de
ceramidas, acil CoA e esfingolipideos (HAN & LEAN, 2015).

A conexdao entre o0 aumento da oferta de AGL e o acumulo de triglierideos e de
diacilglicerol nas células hepaticas caracteriza o passo incial da esteatose hepéatica
nao-alcodlica, a qual tem sido fortemente associada a SMet (SORESI et al., 2015).
Como consequénica desse processo, alguns individuos com SMet podem vir a
desenvolver hepatotoxicidade, ja que o0 aporte excessivo de AGL ao figado promove
0 esgotamento da oxidac&o mitocondrial e aumento na producdo de espécies reativas

de oxigénio (EROs). Esse aumento pode causar peroxidacéo lipidica, cujos produtos
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intermediarios sdo importantes agentes pro-inflamatérios e parecem ativar
fibroblastos, propiciando a fibrogénese. Assim o0 estresse oxidativo induz
necroinflamacéo e fibrose no figado gorduroso (HYOGO & YAMAGASHI, 2008).

Na tentativa de caracterizar a esteatose hepatica ndo-alcodlica na SMet,
dosagens de marcadores de funcéo e lesdo hepatica tém sido amplamente utilizados.
Entre esses marcadores estéo inclusas as enzimas aspartato aminotranferase (AST)
e alanina aminotransferase (ALT), sendo esta Ultima uma importante ferramenta de
diagnoéstico, jA& que na esteatose hepatica esta significativamente elevada e
correlacionada de forma positiva com os fatores de risco cardiovasculares
(ELIZONDO-MONTEMAYO et al., 2014).

O grande fluxo de AGL para o figado a partir da obesidade intra-abdominal,
além de todas as alteracfes descritas até aqui, também condiciona a dislipidemia, a
qual é um risco independente para DCV e esta presente na maioria dos portadores da
SMet. A dislipidemia associada a SMet é caracterizada pela triade:
hipertrigliceridemia, baixos niveis de lipoproteina de alta densidade (HDL) e particulas
de lipoproteina de baixa densidade pequena e densa (LDL-pd) (GIACAGLIA, DA
SILVA & DOS SANTOS, 2010).

O acumulo da gordura visceral, a elevagdo plasméatica de AGL e a consequente
resisténcia a insulina promovem uma diminuicdo da expressdo e da atividade da
enzima lipase lipoprotéica (LPL). Da mesma forma, o FNT-a e a IL-6 produzidos pelo
tecido adiposo visceral também demonstram efeitos inibitérios sobre a LPL (KERN et
al., 1995). Como essa enzima é responsavel pela hidrélise dos triglicerideos presentes
nos quilomicrons e nas particulas de lipoproteinas de densidade muito baixa (VLDL),
a sua inibicdo contribui para o acumulo de triglicerideos na circulacdo (SALAH et al.,
2009).

Adicionalmente, na condi¢cdo da SMet a atividade da enzima lipase hormonio
sensivel (LHS) ndo é suprimida, ja que os efeitos da insulina estdo diminuidos.
Consequentemente, a lipdlise nos tecidos periféricos, especialmente no tecido
adiposo, é estimulada mesmo em estado energético positivo, aumentando o aporte
de AGL para o figado e para a circulacdo. No figado, esse excesso de AGL é
convertido em VLDL, contribuindo ainda mais para o desenvolvimento da
hipertrigliceridemia na SMet (GIACAGLIA, DA SILVA & DOS SANTQOS, 2010).

A diminui¢cdo na atividade da LPL também resulta em prejuizos na producdo

das particulas precursoras de HDL, uma vez que componentes lipidicos dos



22

quilomicrons e das VLDL sao necessarios para a formacao e maturacéo das particulas
de HDL. Além disso, ha SMet ocorre aumento da troca de triglicerideos e ésteres de
colesterol entre as particulas ricas em triglicerideos e as HDL, fazendo com que as
particulas de HDL se enriquecam em triglicerideos e se tornem mais suscetiveis a
lipase hepética que, normalmente, ja tem a sua atividade aumentada nos estados de
resisténcia a insulina. Assim, as particulas de HDL sdo remodeladas a uma forma
capaz de ser mais rapidamente retirada da circulacado pelos receptores scavenger
classe B tipo | nos hepatdcitos, o que justifica os baixos niveis dessa lipoproteina
encontrados em portadores da SMet (GIACAGLIA, DA SILVA & DOS SANTOS, 2010).

E importante destacar que, embora a hipertrigliceridemia e a diminuicdo nos
niveis de HDL estejam favorecidos na SMet, de forma geral os niveis de colesterol
total e de lipoproteina de baixa densidade (LDL) estdo normais ou levemente alterados
nesses individuos. No entanto, ha uma fragéo elevada de particulas de LDL-pd. Como
as particulas de VLDL estdo em maior quantidade na circulacdo, ocorre alta
transferéncia de triglicerideos das VLDL para as LDL. Entretanto, as LDL enriquecidas
com triglicerideos sdo mais suscetiveis a acdo da lipase hepatica que assim retira
contelido destas particulas tornando-as menores e mais densas. Essas particulas de
LDL-pd séo altamente aterogénicas por serem mais suscetiveis a oxidacao e assim
mais facilmente captadas pelos macréfagos da parede arterial, facilitando a formacéo
de células espumosas (VERGES, 2005). O mecanismo das alteracdes lipidicas na
SMet esta resumido na Figura 1.

Dessa forma, o grau de dislipidemia correlaciona-se com a quantidade de
tecido adiposo visceral, coerente com o papel metabdlico critico que os adipécitos
desta regido parecem desempenhar na fisiopatologia da SMet. Adicionalmente, o
diagnéstico precoce das dislipidemias pode evitar danos tardios, ja que nos pacientes
com SMet a dislipidemia parece preceder o aparecimento de diabetes e outras
complicagcbes (GIACAGLIA, DA SILVA & DOS SANTOS, 2010).

O tecido adiposo, através dos seus produtos de secrecéo, indiretamente exerce
significativa influéncia sobre a sensibilidade a insulina e sobre a homeostasia glicidica
(GIACAGLIA, DA SILVA & DOS SANTOS, 2010). Como a insulina estimula a captacao
de glicose pelo tecido adiposo e musculo esquelético, a0 mesmo tempo em que inibe
a gliconeogénese hepética, ajudando a regular a homeostase glicémica, a reducdo na

sensibilidade ou responsividade as ac¢des da insulina resultam em um aumento
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significativo no nivel sanguineo de glicose e a promocédo de disglicemia (ACCILI,
2004).

Figura 1 — Esquema representativo das alteracdes lipidicas durante a SMet. CETP:
proteina transportadora de ésteres de colesterol; HDL: lipoproteina de alta densidade;
LDL: lipoproteina de baixa densidade; LH: lipase hepéatica; LHS: lipase hormonio-
sensivel; LPL: lipase lipoprotéica; LRP: proteina relacionada ao receptor de LDL; QM:
quilomicron; rQM: remanescentes de quilomicron; SR-BI: receptor scavenger classe
B tipo I; TG: triglicerideos; VLDL.: lipoproteina de muito baixa densidade.
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FONTE: GIACAGLIA, DA SILVA & DOS SANTOS, 2010, p. 408, com adaptacdes.

A disglicemia é definida como uma alteracdo na glicemia que, embora néo
corresponda aos critérios diagnosticos de diabetes, encontra-se em niveis elevados
em relacdo a normalidade. A prevaléncia da SMet € maior com 0 aumento nos niveis
de glicemia de jejum e de hemoglobina glicada e esta associa¢cao ocorre mesmo nos
niveis que nao caracterizam o diabetes (UNWIN et al., 2002).

A elevagéo da glicose plasmatica na SMet pode estar na faixa tanto de pré-
diabetes, como de diabetes. No pré-diabetes a glicemia de jejum encontra-se na faixa
de 100-125 mg/dL ou um nivel pés-prandial de 2h de 140-199 mg/dL, enquanto que
no diabetes a glicose de jejum é = 126 mg/dL ou um nivel pés-grandial de 2h = 200
mg/dL. Embora a resisténcia a insulina seja apontada como o principal fator
desencadeante da hiperglicemia na SMet, pessoas que apresentam resisténcia a

insulina podem evitar a elevacdo da glicemia pelo mecanismo compensatorio da



24

hiperinsulinemia. Somente quando as células B-pancreaticas comeg¢am a diminuir a
producédo de insulina € que os niveis plasmaticos de glicose comeg¢am a subir. Entao,
a hiperglicemia nao é o primeiro fator da SMet, mas € capaz de desenvolver sequelas
tardias. Cabe ressaltar que no consenso da definicdo da SMet, ambas as faixas de
pré-diabetes e de diabetes estdo incluidas como fatores de risco metabdlicos
(GIACAGLIA, DA SILVA & DOS SANTOS, 2010).

Entre os danos causados pela hiperglicemia, as doencas microvasculares
estdo em destaque, ja que a hiperglicemia sustentada pode acarretar anormalidades
bioguimicas e estruturais de olhos, rins, coragdo, vasos sanguineos e nervos
periféricos (de AGUIAR, VILLELA & BOUSKELA, 2007). O dano endotelial parece ser
o fator desencadeante na patogénese das complicacdes microvasculares, ja que o
acentuado aumento do metabolismo da glicose na hiperglicemia esta associado a uma
formagéo aumentada de radicais livres, os quais modificam as células endoteliais e a
funcionalidade dos microvasos, alterando o fluxo sanguineo e aumentando a
permeabilidade vascular. A duracdo e a magnitude da hiperglicemia estdo ambas
fortemente correlacionadas com a extensédo e a velocidade de progressédo da doenca
microvascular (de AGUIAR, VILLELA & BOUSKELA, 2007; WAJCHENBERG, 2002).

Estas alteracbes precoces podem ser revertidas através do controle da
glicemia. Entretanto, se nao controlada, a hiperglicemia pode estimular um
remodelamento estrutural nos microvasos com consequente espessamento da
membrana basal capilar, perda dos pericitos capilares e formacdo de
microaneurismas (de AGUIAR, VILLELA & BOUSKELA, 2007; KOWLURU, ZHONG
& KANWAR, 2010). Por conseguinte, doencas macrovasculares, como a aterogénese,
podem ser desencadeadas a partir da hiperglicemia, porém ainda € incerto se esse
risco pode ser exercido apenas pela hiperglicemia, ou em associagdo com outros
fatores de risco (GRUNDY, 2016).

A hipertenséo arterial, outro fator de risco que constitui a SMet, também tem
sido fortemente associado a obesidade e aos disturbios lip€micos e glicémicos. A
proporcao de individuos obesos cresce continuamente nas sociedades ocidentais e
isso ocorre paralelo ao aumento na incidéncia da hipertensdo (RAO, PANDYA &
WHALEY-CONNELL, 2015).

A ativacdo do nervo simpatico e a consequente retencdo de sodio parece
representar um dos principais mecanismos associados ao desenvolvimento da

hipertensdo. O aumento na atividade do nervo simpatico € desencadeado pelos
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estados de hiperleptinemia e de hiperinsulinemia presentes na obesidade (EGAN,
2003). Outros fatores que favorecem a maior reabsorcédo de sédio pelos individuos
obesos estédo relacionados ao aumento da filtracdo glomerular e do fluxo plasmatico
renal, assim como a maior ativacdo do sistema renina-angiotensina-alosterona
(SRAA), os quais contribuem para uma maior vasoconstricdo (RAO, PANDYA &
WHALEY-CONNELL, 2015).

Além disso, a obesidade e o0 ganho de peso estao relacionados ao aumento do
débito cardiaco absoluto. Embora o aumento do débito cardiaco se deva em parte ao
aumento do suprimento sanguineo ao tecido adiposo, o fluxo sanguineo para os
demais tecidos, incluindo coracao, trato gastrointestinal, rins e masculo esquelético,
também aumenta com o ganho de peso. Entretanto, nos pacientes hipertensos nao
ocorre reducdo adequada da resisténcia periférica diante do aumento no débito
cardiaco para a manutencao da presséo arterial (SINGH, MENSAH & BAKRIS, 2010).

Assim, a fisiopatologia da pressao arterial elevada nos portadores da SMet é
considerada multifatorial e influenciada por diversas desordens que ocorrem
concomitantemente, mas pelas evidéncias se pode inferir que a obesidade seja a
maior causa da hipertensdo (EGAN, 2003; RAO, PANDYA & WHALEY-CONNELL,
2015; SINGH, MENSAH & BAKRIS, 2010).

Nesse contexto, € importante destacar que cada componente da SMet
(obesidade abdominal, dislipidemia, hiperglicemia e hipertensdo) sdo considerados
fatores de risco independentes para as DCV. Entretanto, a associacao desses fatores
de risco observada na SMet ndo representa uma simples soma de anormalidades,
mas sim efeitos multiplicativos que intensificam os riscos relacionados as DVC. Por
isso, é compreensivel que a SMet tenha um grande impacto na saude publica mundial
(SADIKOT & HERMANS, 2010).

Entre os principais efeitos causados pela associacdo dos fatores de risco
cardiovascular, os estados pro-inflamatério e pro-trombético estdo entre os mais
discutidos por terem importante papel no processo da aterogénese e no aumento dos
riscos cardiovasculares. O endotélio vascular é capaz de receber estimulos locais ou
sistémicos e assim modificar a sua funcionalidade para garantir a homeostase da
parede vascular. Contudo, condicdes pro-inflamatorias e pro-tromboticas representam
complicagBes que promovem a deterioracdo da funcéo do endotélio e assim propiciam
o desenvolvimento da aterosclerose (BADIMON, VILAHUR & PADRO, 2009).
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A origem do estado pro-inflamatério na SMet esta associada a producéo
anormal de adipocinas e citocinas pelos adipécitos hipertroficos e pelas células do
sistema imune, seguida da ativacdo das vias infamatorias. Contudo, a ingestéo
excessiva de nutrientes também pode perturbar a homeostasia imune e desencadear
uma resposta inflamatéria (LI et al., 2014). De fato, os altos niveis de glicose e de
AGL circulantes ativam em Vvarios tipos celulares (leucdcitos, célula endotelial,
epitelial, muscular) os inflamassomas, que sdo um grupo de complexos proteicos
intracelulares formados rapidamente em resposta a diversos estimulos de estresse
celular, induzindo a liberacdo de citocinas pro-inflamatérias (LI et al., 2014;
SCHRODER & TSCHOPP, 2010).

Um dos inflamassomas mais bem estudados sdo os receptores de ligacdo a
nucleotideo contendo um dominio com sequéncia repetida de leucina e um dominio 3
de pirina (NLRP3), que sdo essenciais para a resposta imune inata contra agentes
patogénicos. Entretanto, a ativacao inapropriada dos inflamassomas NLRP3 tem sido
observada em diversas doencas e disturbios metabdlicos, incluindo aterosclerose,
obesidade e DMT2 (LI et al., 2014). NLRP3 pode ser ativado por diversas vias,
incluindo indicadores de estresse e injuria celular, como a adenosina trifosfato (ATP),
cristais de colesterol, &cido drico, ceramidas e EROs formados a partir do aumento
nos niveis de glicose e AGL (ESSER et al., 2014; LI et al., 2014).

Em geral, a ativacdo dos inflamassomas induz a producéao elevada de citocinas
pré-inflamatérias, como IL-6, IL-1p3, IL-18 e FNT-q, e o recrutamento de células imunes
tais como macrofagos e linfécitos em vérios tecidos incluindo no tecido adiposo,
figado, musculo, ilhotas pancreéticas e no endotélio vascular. Dessa forma, além das
citocinas pro-inflamatdrias, a contagem de leucécitos totais e proteinas de fase aguda
da inflamagé&o, como a proteina C-reativa (PC-R) e a enzima mieloperoxidase (MPO),
também estéo elevados em pacientes obesos e/ou diabéticos, enquanto que esses
niveis tendem a se reduzir apos perda de peso estimulada por mudancas positivas no
estilo de vida (ESSER et al., 2014).

E importante destacar que o tecido adiposo, além dos adipdcitos, é também
constituido por células do sistema fagocitico mononuclear, especialmente o0s
macroéfagos. Essas células do sistema imune residentes no tecido adiposo tém papel
critico na secrecao de citocinas que facilitam a vasculariza¢do e o remodelamento da
matriz extracelular necessarios para a expansdo do tecido na obesidade

(ASTERHOLM et al., 2014). Entretanto, se o tecido adiposo permanecer em expansao
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cronica, a secrecao de citocinas e o processo inflamatério local ndo sdo suprimidos,
mantendo constante o recrutamento das células imunes com acumulagdo e
remodelamento das populacbes de células residentes (OH et al.,, 2012). Nesse
contexto, as disfuncbes inflamatérias locais assumem carater sistémico,
representando a inflamacgdo cronica de baixo grau caracteristica da SMet e que
favorece as complicacbes das desordens metabodlicas, tais como diabetes e
aterosclerose (LI et al., 2014).

Durante a remodelacdo do tecido adiposo o0s macréfagos se tornam
metabolicamente mais ativados por mediagdo de linfocitos pré-inflamatérios. Estudos
tém demonstrado que linfécitos B e linfécitos T estdo infiltrados no tecido adiposo
visceral de obesos antes mesmo do grande influxo de macréfagos (DUFFAUT et al.,
2009; NISHIMURA et al., 2009; WINER et al., 2009). Além disso, a distribuicdo, o
subconjunto e/ou as fungdes das duas principais populacdes de linfécitos, células B e
células T, estéo alteradas no diabetes e na obesidade com o intuito de fornecer sinais
pré-inflamatérios que suportam a inflamacdo tanto no tecido adiposo quanto
sistemicamente, sendo, por isso, células de fundamental importancia para a
inflamacé&o associada a SMet (IP et al., 2015).

Os linfécitos dos tipos citotoxico (CD8*), Thl e Th17 apresentam caracteristicas
pré-inflamatérias, uma vez que modulam a transformacdo dos macréfagos para a
forma mais ativada (M1), estimulando o processo inflamatério. Por outro lado, os
linfécitos Th2 e T regulatério (Treg) atuam como anti-inflamatorios ao liberarem IL-10,
uma molécula anti-inflamatéria e assim promovem a polarizacédo dos macréfagos para
a forma menos ativa (M2), diminuindo a inflamagéo. Entretanto, sujeitos obesos,
especialmente relacionados a obesidade abdominal, apresentam um predominio de
linfécitos CD8*, Thl e Th17, o que contribui para 0 aumento do niumero e do estado
de ativacdo dos macrofagos no tecido adiposo, para a inflamacgéo sistémica e para a
resisténcia a insulina (ESSER et al., 2014).

De forma semelhante, alterac6es no perfil plaguetario que propiciam o estado
pré-trombotico também séo observadas na SMet, na obesidade e nas DCV. De fato,
as plaquetas apresentam relevante papel na patogénese da aterosclerose ja que,
além das fungdes na homeostase sanguinea, as plaquetas também participam da
ativacdo endotelial e da modulacdo das respostas inflamatorias, favorecendo o
aparecimento e a formacdo de lesbGes ateroscleréticas e as suas subsequentes
complicacdes (BADIMON, VILAHUR & PADRO, 2009).
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As plaquetas respondem as injurias vasculares e assim previnem o processo
hemorragico através dos processos de adesédo e de agregacdo no local de leséo a
partir de multiplas interacfes sinérgicas entre o0s sinais de ativacao e seus receptores.
Assim, iniciam uma série de respostas bioquimicas e morfolégicas nas plaquetas,
ligada a remodelacdo do citoesqueleto, a secre¢do de granulos e a producgao e
liberacdo de agonistas enddégenos soluveis, como o ADP e o tromboxano A2 (TXA2).
Com esse mecanismo as plaquetas mantém a homeostase sanguinea e garantem a
integridade vascular (VAN DER STOEP, KORPORAAL & VAN ECK, 2014).

Entretanto, em condi¢cdes de desordem metabdlica ou de risco cardiovascular,
as respostas plaquetarias se demonstram alteradas, com aumento da sua
adesividade e da sua ativacdo. A hiperatividade plaquetaria e o volume plaquetério
meédio (MPV) sdo importantes ferramentas de avaliacdo do risco de aterotrombose em
pacientes com obesidade abdominal e na DMT2. Ambos s&o padronizados como
preditores independentes para eventos cardiovasculares e estdo aumentados em
pacientes obesos, independentemente de outros fatores de risco cardiovasculares
(RUSSO, 2012; SANTILLI et al., 2012).

Nesse contexto, as adipocinas e as citocinas pré-inflamatérias produzidas na
obesidade e na SMet parecem representar uma importante via de alteragcdo das
plaguetas, uma vez que na superficie plaquetaria sao expressos numerosos
receptores de moléculas pro-inflamatorias. A ativacdo desses receptores poderia
alterar a funcéo plaquetaria e contribuir para o processo pro-trombaético na condicao
da SMet. (VON HUNDELSHAUSEN & WEBER, 2007).

Em paralelo, a dislipidemia e a resisténcia a insulina também contribuem para
a ativacdo plaquetaria. Em condicdes fisioldgicas, a insulina diminui a agregacao
plaguetaria por meio de reducéo da resposta plaquetaria ao difosfato de adenosina
(ADP) e a trombina, dois importantes agonistas da agregacdo. Contudo, com a
resisténcia a insulina esses efeitos protetores sdo prejudicados (ALESSI & JUHAN-
VAGUE, 2008). Semelhantemente, a diminuigdo nos niveis de HDL também favorece
a agregacdo plaquetaria, uma vez que essa lipoproteina apresenta acdes
antitrombdticas através da modulacéo da reatividade plaquetaria, da coagulacéo e da
funcdo endotelial (VAN DER STOEP, KORPORAAL & VAN ECK, 2014).

Além disso, o tecido adiposo visceral, a dislipidemia e a resisténcia a insulina
podem afetar diretamente a ativagcdo e a expressdo de fatores de coagulacéo,

tendendo a um processo pro-coagulante através da sintese aumentada do ativador
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do plasminogénio 1 (PAI-1), do aumento da ativacdo do fator VII, da supresséao da
sintese de vasodilatadores pelo endotélio, como o éxido nitrico e a prostaciclina, e da
sintese e biodisponibilidade aumentada da endotelina 1, que € um vasoconstritor
(ALESSI & JUHAN-VAGUE, 2008).

Consequentemente, as alteragbes na homeostasia e na integridade vascular
observadas na SMet e na DMT2 contribuem para o estado pro-trombotico e para o
aumento do risco de aterosclerose. Uma vez que tanto a ativacao de plaquetas quanto
a disfuncdo endotelial sdo eventos precoces na histéria natural da aterosclerose, &
concebivel que a sua interacdo exerca significativos efeitos fisiologicos e implicacbes
clinicas (SANTILLI et al., 2012).

Em condicdes fisioldgicas o endotélio vascular apresenta propriedades anti-
trombadticas. Isso permite a troca de numerosas substancias entre o sangue e 0s
tecidos e controla o tonus vascular e o trafico de células inflamatérias para o leito
vascular. Contudo, a permeabilidade do endotélio aumenta na presenca de
concentracdes elevadas de LDL (BADIMON, VILAHUR & PADRO, 2009), assim como
todos os componentes da SMet apresentam efeitos adversos sobre o endotélio
vascular (TZIOMALOS et al., 2010), o que favorece a sua disfuncéo e o surgimento
da doenca vascular aterotrombotica (Figura 2) (RUSSO, 2012). Dessa forma, é
possivel inferir que a associacdo dos fatores de risco cardiovasculares da SMet
potencializam a disfuncdo endotelial, o desbalanco inflamatério e o estado pré-
trombatico e assim contribuem de forma significativa para o aumento no risco de DCV
e DMT2 (AHIRWAR et al., 2014).

Figura 2 — Mecanismos potenciais ligando obesidade visceral, a qual caracteriza a
SMet, inflamacéo e a doenca vascular aterotrombaotica.
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FONTE: RUSSO, 2012, com adaptacdes.
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Recentes estudos tém demonstrado a participacdo da sinalizacéo purinérgica
durante todos os estdgios da aterosclerose, no processo inflamatério e em DCV
(FERRARI et al., 2015; ELTZSCHIG, SITKOVSKY & ROBSON, 2012; RUSSO, 2012).
Isso porque os nucleotideos extracelulares atuam como moléculas sinalizadoras que
podem estimular ou evitar o desenvolvimento da doenca aterosclerotica através dos
receptores purinérgicos (FERRARI et al.,, 2015; ELTZSCHIG, SITKOVSKY &
ROBSON, 2012).

Os nucleotideos de adenina ATP, ADP e AMP (adenosina monofosfato) e o
nucleosideo adenosina estdo presentes em concentracdes elevadas no meio
intracelular, onde exercem fun¢gbes como: modulagcdo da atividade de enzimas,
intermediarios na transferéncia de energia e fornecimento de elementos para a
producdo de acidos nucleicos. Contudo, em condi¢cdes patolégicas como estresse
celular e inflamacédo, esses nucleotideos e nucleosideo podem atingir o espaco
extracelular e atuar como mediadores de comunicacdo entre as ceélulas. Células
vasculares e circulantes sdo capazes de liberar ATP por exocitose, transportadores
(ABC), enzimas (F(1)/F(0)-ATP sintase) e através de canais especificos (conexina e
panexina) (FERRARI et al., 2015).

Uma vez presente no meio extracelular, esses nucleotideos e nucleosideo
podem exercer diversas funces nas mais variadas células através da sua interacédo
com 0s receptores purinérgicos. Os subtipos de receptores purinérgicos sao
designados P1 e P2. O primeiro grupo, os receptores P1, tem a adenosina como
agonista, enquanto que o segundo grupo de receptores, 0s receptores P2, sao
ativados por ATP e/ou outros nucleotideos, conforme representados na Figura 3
(RALEVIC & DUNN, 2015.).

Os receptores P1 séo divididos em quatro subtipos: A1, A2A, A2B e A3, todos
acoplados a proteina G. Os receptores de adenosina Al e A3 sao acoplados a
proteina Gio € medeiam a inibicdo da adenilil ciclase, reduzindo o acumulo intracelular
de AMP ciclico; enquanto que os receptores de adenosina A2A e A2B sao acoplados
a proteina Gs e podem ativar a adenilil ciclase, aumentadando a concentracédo
intracelular de AMP ciclico (FERRARI et al.,, 2015; RALEVIC & DUNN, 2015). E
importante destacar que ao interagir com os recpetores do tipo A2A e A2B presentes
na superficie das plaguetas e dos leucocitos, a adenosina exerce funcdes de
cardioprotecdo, como a inibicdo da agregacao plaquetaria e da atividade inflamatéria
(JACQUIN et al., 2013; JOHNSTON-COX & RAVID, 2011).
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Figura 3 — Receptores purinérgicos e seus agonistas.
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FONTE: RALEVIC & DUNN, 2015, com adaptacdes.

J& os receptores P2 sao distinguidos em dois grandes grupos: os P2X que
sao ionotrépicos e dos quais existem sete subtipos (P2X1-P2X7); e os P2Y que sao
acoplados a proteina G e dos quais existem oito subtipos (P2Y1, 2, 4, 6, 11, 12, 13,
14) (FERRARI et al., 2015; RALEVIC & DUNN, 2015). Os P2X1-7 séo receptores para
ATP e atuam como canais de céation para provocar a despolarizacdo da membrana.
Entre eles, o receptor P2X7 tem sido associado a importantes funcées no sistema
imune, incluindo o aumento da secrecdo de citocinas pro-inflamatorias pelos
leucdcitos, o estimulo da diferenciacdo e da maturacdo das células imunes, entre
outras funcdes (DI VIRGILIO & VUERICH, 2015; MEHTA et al., 2014).

Por outro lado, os receptores P2Y podem ser divididos de acordo com o seu
agonista endogeno preferido: os nucleotideos de adenina (P2Y1, P2Y11, P2Y12 e
P2Y13) ou os nucleotideos de uracila (P2Y2, P2Y4, P2Y6 e P2Y14). Entre o grupo de
receptores de nucleotideos de adenina, os receptores P2Y1, P2Y12 e P2Y13 séo
ativados pelo ADP, enquanto que o ATP é um agonista de pouca eficacia (RALEVIC
& DUNN, 2015).
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Nas plaquetas, os receptores P2Y12 desempenham importante papel na
amplificacdo da atividade plagquetaria em resposta ao ADP secretado por células
danificadas e pelos granulos plaguetarios (STOREY et al., 2000). Além disso, o
receptor P2Y1 também participa do processo da agregacao plaquetaria, onde o ADP
atua ativando vias que levam a produgcdo de tromboxano A2, outro agonista
plaquetario (KAHNER et al., 2006). J4 o ATP parece modular diferentemente a
agregacao plaquetaria quando presente em baixa ou alta concentracéo, estimulando
ou inibindo a agregacéao plaquetéria, respectivamente (BIRK et al., 2002). Atravées da
interacdo com os receptores P2X1 o ATP auxilia a mobilizacéo do influxo de Ca?* nas
plaguetas e assim estimula a modificacdo do formato celular discéide para irregular,
etapa essencial para o processo inicial da ativacdo plaquetaria e que auxilia a
amplificacdo das respostas mediadas por outros agonistas (KAHNER et al., 2006).

Embora uma liberagcdo moderada e controlada de ATP ou UTP possa exercer
efeitos benéficos para tecidos danificados ao ativar as respostas homeostéticas
reparadoras, uma liberacdo grande e descontrolada de ATP por estresse mecanico,
desbalanco metabdlico, trauma ou infeccBes provoca a ativacdo excessiva dos
receptores P2 em células imunes e ndo imunes. Esses eventos sdo seguidos por uma
producdo anormal de citocinas pro-inflamatérias e mediadores inflamatorios, tais
como prostaglandina, leucotrienos, e EROs que, além de causar danos nos tecidos,
induzem ao recrutamento macico de células imunes que levam a condi¢cdes
inflamatorias cronicas (FERRARI et al., 2015).

Nesse sentido, o controle dos niveis extracelulares dos nucleotideos e
nucleosideo de adenina é uma importante via de regulacdo dos efeitos do sistema
purinérgico sobre as condi¢cbes tromboticas e inflamatérias presentes na SMet. Cabe
destacar que esse controle é realizado por uma variedade de enzimas que estao
ancoradas a membrana plasmatica ou localizadas no meio intersticial de forma soluvel
(ZIMMERMANN et al., 2007). Essas enzimas, denominadas ectonucleotidases, séo
divididas em quatro familias, das quais se destacam a Ecto-nucleosideo trifosfato
difosfohidrolase (E-NTPDase, CD39, apirase, EC 3.6.1.5), a Ecto-nucleotideo
pirofosfato/ fosfodiesterase (E-NPP, EC 3.1.4.1) e a Ecto-5-nucleotidase (E-5-
nucleotidase, CD73, EC 3.1.3.5), que juntas atuam em conjunto para hidrolisar os
nucleotideos extracelulares em seus respectivos nucleosideos (SCHETINGER et al.,
2007; YEGUTKIN, 2008).
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A enzima E-NTPDase atua hidrolisando os nucleotideos ATP e ADP até AMP,
enquanto que a E-NPP atua hidrolisando o ATP diretamente a AMP. Por sua vez, o
AMP €& metabolizado pela enzima E-5-Nucleotidase para formar a adenosina.
Seguindo a cascata enzimatica, a adenosina ainda pode ser convertida em inosina
através da acdo da enzima adenosina desaminase (ADA, E.C. 3.5.4.4) também
presente na superficie celular (YEGUTKIN, 2008), conforme esquematizado na Figura
4.

Através da cascata enzimatica acima descrita, as ectonucleotidases,
juntamente com a ADA, atuam controlando os niveis dos nucleotideos e do
nucleosideo de adenina e assim modulam os efeitos do sistema purinérgico.
Corroborando com a importancia biologica das ectonucleotidases, doencas imunes,
inflamatorias e cardiovasculares tém demonstrado alteracdes na atividade e na
expressao dessas enzimas em linfécitos e em plaquetas (RALEVIC & DUNN, 2015;
YEGUTKIN, 2008).

Figura 4 — Sinalizacao purinérgica na membrana celular. O ATP ¢é liberado através de
diferentes vias para o meio extracelular, onde pode agir sobre os receptores
purinérgicos P2X (P2XRs) ou P2Y (P2YRSs), ou ainda ser hidrolisado a ADP e a AMP
pela enzima E-NTPDase ou direto & AMP pela enzima E-NPP. O AMP é hidrolisado
pela enzima E-5'-nucleotidase a adenosina (ADO), a qual age sobre os receptores
P1 (P1Rs) ou € metabolizada a inosina pela enzima ADA a inosina (INO).
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FONTE: FERRARI et al., 2015, com adaptacgdes.
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A familia da E-NTPDase é composta por oito membros e diferem quanto a
especificidade de substratos, distribuicdo tecidual e localizacdo celular
(BIOGENNESE et al., 2004; SHI et al., 2001; ZIMMERMANN, 2001). As E-NTPDase
1, -2, -3 e -8 sé@o enzimas tipicamente localizadas ha membrana celular com um sitio
catalitico na face extracelular e hidrolisam todos os nucleotideos capazes de ativar os
receptores P2. Por outro lado, as E-NTPDase 4, -5, -6 e -7 exibem localizagéo
intracelular tendo pouca contribuicdo para a hidrolise dos nucleotideos extracelulares
(Figura 5) (ROBSON, SEVIGNY & ZIMMERMANN, 2006). Cabe destacar, entretanto,
que as E-NTPDase 5 e 6 podem aparecer na superficie celular ou ainda serem
secretadas para o meio extracelular, onde contribuem com a regulacéo dos niveis de
ADP, UDP e UTP (BRAUN et al., 2000).

Figura 5 — Membros da Familia das E-NTPDases.
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FONTE: ROBSON, SEVIGNY & ZIMMERMANN, 2006.

Essas enzimas sdo amplamente distribuidas nos tecidos e células, incluindo
endotélio vascular, células musculares lisas do sistema circulatorio, células imunes e
plaguetas (SCHETINGER et al., 2001; ZIMMERMANN et al., 1999). A E-NTPDase 1
hidrolisa ATP e ADP e atua como principal responsavel pelo término das a¢des dos
receptores P2, pois ndo permite a acumulagdo de ADP durante a hidrélise do ATP
(KUKULSKI, LEVESQUE, & SEVIGNY, 2011). Esta enzima esta amplamente

expressa em leucocitos, o que Ihe confere um importante envolvimento no processo
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inflamatoério (DWYER et al., 2007). Nos linfécitos, principalmente no subtipo Treg, a
E-NTPDase 1 parece ser essencial para a producdo de adenosina e por isso é
considerada parte do arsenal imuno-supressivo dessas células (BONO et al., 2015).
Em plaguetas intactas, a E-NTPDase 1 esta envolvida na concentracdo dos
nucleotideos, na circulagdo e no tdnus vascular (GAYLE Il et al, 1998;
ENJYQJI,1999).

As E-NTPDase 2, -3 e -8 apresentam preferéncia pela hidrolise do ATP e por
isso propiciam a ativacéo dos receptores de ADP, ja que permitem o acumulo deste
nucleotideo. Entretanto, apresentam expressado reduzida em células endoteliais e
sanguineas, sendo poucas as informacdes relacionadas a importancia dessas
enzimas no processo inflamatério e trombético (KUKULSKI, LEVESQUE, &
SEVIGNY, 2011)

A familia das E-NPPs, por sua vez, € constituida por sete enzimas (E-NPP1-7)
ligadas a membrana por um Gnico dominio transmembrana, com excec¢do da E-NPP2,
a qual pode ser secretada para o espaco extracelular. (STEFAN, JANSEN & BOLLEN,
2005). As E-NPPs sédo capazes de hidrolisar o ATP diretamente a AMP e, por tanto,
podem cancelar a sinalizacdo purinérgica através dos receptores P2. Contudo, as E-
NPPs apresentam uma ampla especificidade por substratos e somente as E-NPP1-3
sdo capazes de hidrolisar nucleotideos e assim ser relevantes no contexto da
sinalizacdo purinérgica (STEFAN, JANSEN & BOLLEN, 2005). Cabe destacar
também que as E-NPPs possuem ampla distribuicdo tecidual, o que lhe confere
multiplos papéis biolégicos, incluindo reciclagem de nucleotideos, proliferacdo e
motilidade celular (KUKULSKI, LEVESQUE, & SEVIGNY, 2011; STEFAN, JANSEN &
BOLLEN, 2005).

Juntamente com as E-NTPDases e as E-NPPs, a E-5’-nucleotidase também
participa do metabolismo dos nucleotideos de adenina extracelulares ao catalisar a
hidrolise do AMP até adenosina e fosfato. A familia das 5’-nucleotidase apresenta sete
membros, sendo seis citosolicos e uma ecto-enzima, a E-5-nucleotidase, que tem
importante atuacdo no controle dos niveis extracelulares de adenosina e assim é
responsavel pela ativacdo dos receptores P1 (YEGUTKIN, 2008).

A E-5-nucleotidase é amplamente distribuida nos tecidos, como rins, figado,
endotélio vascular, plaquetas e células do sistema imune e tem se demonstrado ser
co-expressa com a E-NTPDase, sendo juntas consideradas uma importante via de

controle dos niveis dos nucleotideos extracelulares e de producdo de adenosina
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(BONO et al.,, 2015; COLGAN et al.,, 2006; YEGUTKIN, 2008). Por favorecer a
producdo de adenosina, a E-5-nucleotidase desempenha importantes funcdes
conforme o tecido ou célula em que esta presente, incluindo a inibicdo da agregacao
plaquetéria e a regulacéo do ténus vascular, sendo assim uma enzima de relevancia
para os processos de cardioprotecdo (FERRARI et al., 2015).

Entretanto, em linfocitos a expresséo da E-5’-nucleotidase varia de acordo com
0 subtipo celular e a condicdo do sistema imune. De forma geral, os linfécitos
apresentam essa enzima predominantemente intracelular e em baixa expressao na
superficie celular (BONO et al., 2015; LEAL et al., 2005). Linfécitos Treg e linfécitos B
apresentam maior expressdo da E-5’-nucleotidase superficial, mas nessas células a
enzima ndo apresenta apenas a funcao de imunossupressao através da producao de
adenosina, mas também esta relacionada ao processo de maturacao e diferenciacao
celular, em que apds a sua ativacdo rapidamente diminui a atividade e expressao
(BONO et al., 2015).

Da mesma forma que as ectonucleotidases ja mencionadas, a enzima ADA,
além da isoforma solluvel, também se apresenta ancorada a membrana celular e faz
parte do conjunto de enzimas do sistema purinérgico. Por desaminacéo da adenosina
e consequente formacdo de inosina, essa enzima tem a importante funcédo de
controlar os niveis de adenosina extracelular e, assim, regular diversos processos
como a inflamacéo e estados pro-trombéticos (FRANCO et al., 1997; YEGUTKIN,
2008).

Estudos do nosso grupo de pesquisa tém evidenciado significativas
modificacdes na atividade e na expressao das enzimas E-NTPDase, E-NPP, E-5'-
nucleotidase e ADA em diversas condicfes patolégicas, como a hipertensao
(CARDOSO et al., 2012, 2015), infarto agudo do miocardio (BAGATINI et al., 2008),
cardiopatia isquémica (BAGATINI et al., 2011), diabetes (LUNKES et al., 2003;
SCHMATZ et al., 2013), esclerose multipla (POLACHINI et al., 2014; SPANEVELLO
etal., 2010), tabagismo (THOME et al., 2012), cancer de pulm&o (ZANINi et al., 2012),
hipotireoidismo (BALDISSARELLI et al., 2016), entre outras (SCHETINGER et al.,
2007).

Considerando que as alteragcdes nas ectonucleotidases e na ADA em
condi¢cBes patologicas refletem uma importante participacdo do sistema purinérgico
no controle ou na progressdo dessas desordens, também se torna interessante

elucidar as possiveis conexdes entre essas enzimas purinérgicas e as condicdes
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relacionadas a SMet, incluindo as alteracdes plaquetarias e o perfil pré-inflamatério,
ja que ha pouco conhecimento disponivel sobre o sistema purinérgico na SMet. Além
disso, esse complexo sistema enzimatico tem sido alvo de novos agentes
farmacoldgicos, em especial para as doencas em que ainda ndo ha um tratamento
medicamentoso eficiente, como a SMet quando analisada em seu contexto geral
(MATHIEU, 2012; SADIKOT & HERMANS, 2010).

A SMet, de fato, ndo possui um tratamento medicamentoso especifico, mas
sim um conjunto de medicamentos em que cada um atua especificamente sobre um
fator de risco cardiovascular, como anti-hipertensivos, hipolipemiantes e
hipoglicemiantes. Entretanto, os fatores de riscos ocultos, como os estados pro-
trombaticos e pré-inflamatérios, que surgem a partir da interacao dos fatores de risco
classicos da SMet, ndo apresentam um tratamento especifico. O tratamento com os
medicamentos especificos para cada fator de risco representa a diminuicdo de apenas
50% do risco total de DCV na SMet (SADIKOT & HERMANS, 2010). Cabe destacar
gue o captopril, a metformina e a sinvastatina tém sido os medicamentos de maior
escolha para o tratamento da SMet (SOCIEDADE BRASILEIRA DE CARDIOLOGIA,
2005).

Apesar dos medicamentos utilizados no tratamento da SMet fazerem parte do
programa Farmécia Popular desenvolvido pelo Governo Federal Brasileiro, o que
permite uma facilidade de acesso ao tratamento pela populacdo, os mesmos ainda
nao sado suficientes para minimizar o niamero de casos e 0s riscos associados a SMet.
Neste contexto, o tratamento ndo-farmacolégico ganha destaque, uma vez que
permite através de modificacbes no estilo de vida uma melhora nas respostas aos
tratamentos e na qualidade da saude desses pacientes (MATSUO et al., 2015).

A adocéo de estilos de vida relacionados a manutencao da saude, como dieta
adequada e pratica regular de exercicios fisicos sdo componentes basicos nédo s6 no
tratamento, mas também na prevencédo da SMet. A adocédo de um plano alimentar
saudavel é fundamental no tratamento da SMet. Entretanto, ele deve ser
cautelosamente elaborado e de forma individualizada a fim de prever uma reducéo de
peso sustentavel de 5% a 10% do peso corporal inicial (SOCIEDADE BRASILEIRA
DE CARDIOLOGIA, 2005).

O exercicio fisico, contudo, € um fator determinante no aumento do gasto
caldrico e é fundamental para o balanco energético e o controle de peso. Estudos

evidenciam de forma clara que o exercicio atenua os riscos de doencas cronicas e
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melhora a expectativa de vida, além de ter efeitos significativos sobre condi¢des
patologicas em que a disfuncéo metabdlica e o desequilibrio energético sao o dilema
desafiador, tais como DMT2, obesidade e SMet (CAMPOS, GOMES & FERREIRA,
2013; CHURCH, 2011; PEERIA & AMIRI, 2015; SHEPHARD & BALADY,1999).

Entre os efeitos benéficos do exercicio fisico relacionados a condicdo da
SMet, se destacam a capacidade de ativar enzimas lipoliticas no musculo esquelético,
induzindo a lipdlise e a reducédo do tecido adiposo. Consequentemente, 0 exercicio
promove reducdo dos niveis plasmaticos de triglicerideos, aumento nos niveis de
HDL, além do aumento da massa magra e reducao da adiposidade total e abdominal,
em grande parte independente da perda de peso (PEDERSEN & SALTIN, 2015).

Da mesma forma, o exercicio regular atua positivamente no controle do nivel
glicidico. O aumento da rede capilar e do fluxo sanguineo nos musculos a partir do
exercicio favorecem um maior transporte de glicose, um aumento na sua captacao
pelas fibras musculares esqueléticas e na sensibilidade a insulina, promovendo,
assim, a reducao da glicemia (PEDERSEN & SALTIN, 2015).

Como aumenta o fluxo sanguineo, o exercicio aumenta a forca de
cisalhamento na parede dos vasos, 0 que se presume ser um estimulo para a
producdo endotelial de 6xido nitrico, o qual induz o relaxamento das células do
musculo liso. Assim, o treinamento regular também & capaz de promover a
vasodilatacdo e a reducdo da pressdo arterial (MCALLISTER, HIRAI & MUSCH,
1995).

Além de ser capaz de reduzir os fatores de risco cardiovasculares que
constituem a SMet, a prética regular de exercicio fisico também tem demonstrado
potenciais efeitos sobre os fatores de riscos ocultos. O treinamento melhora a
capacidade antioxidante e anti-inflamatoria, reduz a esteatose hepatica e diminui 0s
riscos relacionados a condicdo pro-trombotica por melhorar a funcdo endotelial e
cardiorrespiratoria (MONTESI et al., 2013; PEDERSEN & SALTIN, 2015; SHEPHARD
& BALADY,1999; WANG et al., 2014).

O exercicio regular de intensidade moderada também melhora a funcéo
mitocondrial através de mecanismos como aumento da biogénese mitocondrial e do
transporte de glicose, eliminacdo do dano mitocondrial por autofagia e,
consequentemente, inibe a inflamacgao por controlar a produgcéo mitocondrial de EROs

(PEERI & AMIRI, 2015). Todos esses efeitos, porém, cessam na auséncia ou



39

inadequacéo do estimulo ao exercicio, reforcando a importancia da regularidade e a
orientacao correta do programa de treinamento (PEDERSEN & SALTIN, 2015).

Como recomendacfes gerais de exercicios para pacientes com SMet se
enquadram a pratica de pelo menos 30 minutos de atividade fisica leve a moderada
de forma continua ou acumulada na maioria dos dias de semana, incluindo mudancas
no cotidiano, como por exemplo usar escadas e nao elevadores. De forma mais
especifica entram as seguintes recomendacdes: exercicio do tipo aerdbio ou resistido,
com frequéncia de 3 a 5 vezes por semana, de duracdo de 30 a 60 min e com
intensidade moderada (SOCIEDADE BRASILEIRA DE CARDIOLOGIA, 2005).

Entretanto, essas recomendac¢Oes diferem entre os estudos, de forma que
ainda ndo ha um consenso sobre o melhor programa de treinamento para pacientes
com SMet (da SILVA et al., 2012; DRIGNY et al., 2011; GREENWOOD et al., 2016).
Dessa forma, apesar do amplo conhecimento em relagéo aos beneficios do exercicio
fisico na condicdo da SMet, ainda sdo necesséarios mais estudos no sentido de se
conhecer o tipo de treinamento capaz de alcancar o maximo de resultados positivos
para a saude desses pacientes.

De fato, o treino resistido estimula mudancas como: aumento de massa
corporal e da densidade éssea, bem como melhora a coordenacao inter e
intramuscular (DUDLEY & FLECK, 1987). Ja o treino aerdbico desencadeia resultados
nNAo menos importantes e consegue aumentar de maneira singular o consumo maximo
de oxigénio, as atividades das enzimas oxidativas, os estoques de glicogénio
intramuscular, a densidade e capacidade mitocondrial dos musculos, o débito
cardiaco, a densidade capilar, podendo ainda elevar o controle da saturacdo da
hemoglobina (HAKKINEN et al., 2003).

Dessa forma, tem sido proposto que ambos o0s tipos de exercicios sao
importantissimos para a saude, tornando ambos indispensaveis para um programa
habitual de exercicios fisicos. Assim, o termo treinamento concorrente se refere a
programas que combinam treinamento de forca (resistido) e o treinamento aerobio em
uma mesma secéo e tem recebido destaque para o tratamento ndo-farmacoldgico de
DCV (COLATO et al., 2014; SHEPHARD & BALADY, 1999).

Adicionalmente, durante o0 exercicio fisico ocorre um aumento na
concentracdo plasmatica de ATP, o qual pode ser liberado via células endoteliais,
eritrocitos ou células musculares em contragdo. O ATP liberado pode agir sobre os

receptores P2 do endotélio vascular, promover vasodilatacdo e limitar o efeito
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vasoconstritor simpatico, preservando, assim, o fluxo sanguineo adequado para o
tecido ativo durante o exercicio. Entretanto, esses efeitos do ATP s&o limitados, uma
vez que essa molécula pode ser rapidamente degradada pelas ectonucleotidases
presentes na superficie das células do endotélio vascular ou das células sanguineas
circulantes (CRECELIUS, KIRBY & DINENNO, 2015).

Nesse sentido, o exercido, via atividade das ectonucleotidases, tende a um
aumento na concentracdo plasmatica de adenosina, a qual € uma molécula
cardioprotetora que inibe os efeitos inflamatorios e pro-trombdéticos (LE, ESSACKJEE
& BALLARD, 2014). Estas proposi¢cdes demonstram claramente o envolvimento das
ectonucleotidases e do sistema purinérgico como um todo nos efeitos observados pela
pratica de exercicios fisicos, jA que os nucleotideos e o0 nucleosideo de adenina
possuem papéis fundamentais em diversas patologias e seus desequilibrios podem
contribuir para maiores complicacdes.

Assim, tendo em vista que a SMet é acompanhada por alteracbes de
metabolismo, de perfil tromboético e de perfil inflamatério e, desta forma, pode estar
relacionada a mudancas na atividade das ectonucleotidases em componentes
sanguineos, e que o exercicio pode ter um papel modulador sobre essas variaveis,
torna-se interessante o estudo dos mecanismos patofisiolégicos 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 concorrente sobre a atividade de enzimas

do sistema purinérgico e sobre parametros inflamatérios em pacientes com SMet.

2.20bjetivos especificos

= Avaliar os parametros antropomeétricos (peso, indice de massa corporal (IMC),
circunferéncia abdominal) e hemodinamicos (presséao arterial), assim como o
perfil lipidico (colesterol total, colesterol HDL e triglicerideos) e o nivel glicémico

em pacientes com SMet, antes e apds um plano de exercicio fisico concorrente.

= Verificar, antes e apds um plano de exercicio fisico concorrente, o nivel dos
parametros inflamatorios (PC-R, MPO e acido Urico) e a contagem total de

leucadcitos e de linfécitos em pacientes com SMet.

= Determinar a taxa de agregacao plaquetaria em pacientes com SMet, antes e

apo6s um plano de exercicio fisico concorrente.

= Avaliar a atividade das enzimas E-NTPDase, E-NPP, E-5’-nucleotidase e ADA
em plaguetas de pacientes com SMet, antes e apds um plano de exercicio fisico

concorrente.

= Avaliar, antes e ap6s um plano de exercicio fisico concorrente, a atividade das

enzimas E-NTPDase e ADA em linfécitos de pacientes com SMet.
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APRESENTACAO

Os resultados desta tese estdo apresentados na forma de um artigo publicado
e um artigo aceito para publicacdo, os quais encontram-se no item “ARTIGOS”. As
secdes Materiais e Métodos, Resultados, Discussao e Referéncias encontram-se nos
préprios artigos e representam a integra deste estudo.

Os itens DISCUSSAO e CONCLUSOES, encontrados no final desta tese,
apresentam interpretacbes e comentarios gerais a respeito dos resultados
apresentados no artigo e no manuscrito contidos neste trabalho. As REFERENCIAS
referem-se somente as citacdes que aparecem nos itens INTRODUCAO e
DISCUSSAO desta tese.
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Barkground: Alterations in the activity of ectonucleotidase enzymes have been implicated in cardiovascular dis-
eases, whereas regularexercise training has been shown to prevent these alterations. However, nothing is known
about it relating to metabolic syndrome [ MetS). We investigated the effect of exercise training on platelet
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Methods: We studied 38 MetS patients who performed regular concurrent exercise training for 30 weeks, Anthro-
pometric measurements, biochemical profiles, hydrolysis of adenine nucleotides in platelets and platelet aggre-
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deamination in the platelets of MetS patients before the exercise intervention were ohserved (P <= 0001). How-
ever, these alterations were reversed by exercise training (P < 0.001 ). Additionally, an increase in platelet aggre-
gation was observed in the MetS patients (P = 0.001) and the exercise training prevented platelet
hyperaggregation in addition to decrease the classic cardiovascul ar risks.
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had a protective effect on these enzymes and on platelet aggregation.
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1. Introduction

Lifestyles characterized by excessive calories intake and low practice
of physical exercise are responsible for the high prevalence of metabolic
syndrome (MetS), which represents a collection of cardiovascular risk
factors: hypertension, hyperglycemia, dyslipidemia and abdominal obe-
sity [1,2]. More than 312 million adults worldwid e have been diagnosed
with MetS and it is estimated that this number will rise to 1 billion by
2025. In Brazil, approximately 29.6% of the population have MetS and
itis considered a public health problem [3].

Current treatments of MetS do not consider the cardiovascular risk
factor assodations, which are a greater damage than each risk factor
alone by favoring pro-thrombotic and pro-inflammatory states [4]. In-
deed, purinergic system, that is involved in modulation of inflammatory
and thromboe mbolic processes, has been shown altered in cardiovascu-
lar diseases (VD). Infarcted patients showed alterations in the activity

* Corresponding author,
E-mail address: veramorsch@®gmail.com (V.M. Morsch).

hitp:idx.doi org/10.1016/j.cca 201 512024
D009-B981/T 2015 Elsevier BV, Al rights reserved.

of ectonucleatidase enzymes in platelets [5], as well as patients with
acute coronary syndrome, hypertension and diabetes [ 6-8]. However,
the effects of MetS on purinergic enzymes are still unknown.

Ectonuclectidase enzymes are expressed on surface of several cells,
induding platelets, to hydrolyze extracellular nucleotides (ATP, ADP
and AMP) and then controlling their levels. This enzymatic complex
incdudes the enzymes E-NTPDase (ectonucleoside triphosphate
diphosphohydrolase ), E-NPP (ectonucleotide pyrophosphatase/phos-
phodiesterase), E-5'-nucleotidase and adenosine deaminase (ADA) [9].
E-NTPDase hydrolyzes ATP and ADP in AMP [10], whereas the E-NPPs
hydrolyze 5'-phosphod iester bonds in nucleatides and their derivatives
to produce nucleotide monophosphate [11]. AMP, resulting from the
actions of E-NTPDase and E-NPP, is subsequently hydrolyzed into aden-
osine by E-5'-nudleotidase [12].

Additionally, adenosine can be directly inactivated on the cell
surface through the sequential actions of AD#, which catalyzes the irre-
versible deamination of adenosine and leads to inosine [ 13]. Together,
these ecto-enzymes constitute a highly organized enzymatic cascade
capable of regulating the extracellular concentrations of adenine
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ABSTRACT

Alterations in the activity of ectonucleotidase enzymes have been implicated in cardiovascular
diseases, whereas regular exercise training has been shown to prevent these alterations.
However, nothing is known about it relating to metabolic syndrome (MetS). In this study, we
investigated the effect of exercise training on platelet ectonucleotidase enzymes and on the
aggregation profile of MetS patients. We studied 38 MetS patients who performed regular
concurrent exercise training for 30 weeks. Anthropometric measurements, biochemical
profiles, hydrolysis of adenine nucleotides in platelets and platelet aggregation were collected
from patients before and after the exercise intervention as well as from individuals of the control
group. An increase in the hydrolysis of adenine nucleotides (ATP, ADP and AMP) and a
decrease in adenosine deamination in the platelets of MetS patients before the exercise
intervention were observed (P<0.001). However, these alterations were reversed by exercise
training (P<0.001). Additionally, an increase in platelet aggregation was observed in the MetS
patients (P<0.001) and the exercise training prevented platelet hyperaggregation in addition to
decrease the classic cardiovascular risks. In conclusion, our results clearly indicated an
alteration of ectonucleotidase enzymes during MetS, whereas regular exercise training had a
protective effect on these enzymes and on platelet aggregation.

Keywords: Metabolic Syndrome; Ectonucleotidases; Exercise training; Platelet aggregation
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1 INTRODUCTION

Lifestyles characterized by excessive calories intake and low practice of physical
exercise are responsible for the high prevalence of metabolic syndrome (MetS), which
represents a collection of cardiovascular risk factors: hypertension, hyperglycemia,
dyslipidemia and abdominal obesity [1,2]. More than 312 million adults worldwide have been
diagnosed with MetS and it is estimated that this number will rise to 1 billion by 2025. In Brazil,
approximately 29.6% of the population have MetS and it is considered a public health problem
[3].

Current treatments of MetS do not consider the cardiovascular risk factor associations,
which are a greater damage than each risk factor alone by favoring pro-thrombotic and pro-
inflammatory states [4]. Indeed, purinergic system, that is involved in modulation of
inflammatory and thromboembolic processes, has been shown altered in cardiovascular
diseases (CVD). Infarcted patients showed alterations in the activity of ectonucleotidase
enzymes in platelets [5], as well as patients with acute coronary syndrome, hypertension and
diabetes [6-8]. However, the effects of MetS on purinergic enzymes are still unknown.

Ectonucleotidase enzymes are expressed on surface of several cells, including
platelets, to hydrolyze extracellular nucleotides (ATP, ADP and AMP) and then controlling
their levels. This enzymatic complex includes the enzymes E-NTPDase (ectonucleoside
triphosphate diphosphohydrolase), E-NPP (ectonucleotide
pyrophosphatase/phosphodiesterase), E-5’-nucleotidase and adenosine deaminase (ADA) [9].
E-NTPDase hydrolyzes ATP and ADP in AMP [10], whereas the E-NPPs hydrolyze 5’-
phosphodiester bonds in nucleotides and their derivatives to produce nucleotide
monophosphate [11]. AMP, resulting from the actions of E-NTPDase and E-NPP, is
subsequently hydrolyzed into adenosine by E-5’-nucleotidase [12].

Additionally, adenosine can be directly inactivated on the cell surface through the
sequential actions of ADA, which catalyzes the irreversible deamination of adenosine and leads
to inosine [13]. Together, these ecto-enzymes constitute a highly organized enzymatic cascade
capable of regulating the extracellular concentrations of adenine nucleotides and nucleoside.
This cascade plays an important role in the maintenance of normal homeostasis and
thrombogenesis by regulating platelet aggregation [14]. It is noteworthy that micromolar
concentrations of ADP can act in platelet P>Y1> receptors and induce human platelet
aggregation, whereas adenosine (the final product of ATP hydrolysis) can inhibit platelet

aggregation [15].
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Recent studies have demonstrated a potential effect of the physical exercise in reversing
purinergic system alterations during CVD [16, 17], while epidemiological and clinical studies
have demonstrated that regular physical exercise is an important factor to the prevention and
treatment of MetS [18-20]. Concurrent training, which combines aerobic and strength exercises
in the same training session, has shown benefits in insulin action, endothelial function, lean
body mass, and glycemic control (especially when the exercise is performed in moderate
intensity and regularly) [19]. Therefore, concurrent training can act on all the cardiovascular
risk factors simultaneously and can be a powerful tool to improve the quality of life in patients
with MetS [21]. Besides, it was observed in animal models that the exercise training induces a
downregulation in the activity of ectonucleotidase enzymes, which results in a protective effect
against hypertension [16]. However, the effect of exercise training on ectonucleotidase
activities in patients with MetS is still unknown.

Taking into account that exercise training exerts a modulating effect on ectonucleotidase
activities and that we hypothesized that ectonucleotidase activities can be altered in the platelets
of MetS patients, including impairment of vascular homeostasis, we investigated the effect of
30 weeks of regular concurrent training on the activity of enzymes that hydrolyze adenine
nucleotides and nucleoside in the platelets of patients with MetS. Exercise training is widely
known to benefit the cardiovascular system. However, studying the association between the
activity of ectonucleotidases in MetS patients and the influence of exercise on these enzymatic

activities can be a source of information for producing new treatments for MetS.

2 PATIENTS AND METHODS

2.1 Chemicals

Nucleotides, sodium azide, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic
acid (HEPES), and the Trizma base were purchased from Sigma-Aldrich (St. Louis, MO). All
other reagents used in the experiments were of analytical grade and highest purity.

2.2 Metabolic syndrome patients

Thirty-eight volunteer MetS patients from the study group at the Center of Physical
Education at the Federal University of Santa Maria were selected for this study. The MetS
patients were recruited through a single-stage, using a random sampling with ages between 55

and 65 years and a representative number of both sexes. MetS was characterized according to



48

the classification of the National Cholesterol Education Program — Adult Treatment Panel 11l
(NCEP - ATP 111, 2001) [22].

All subjects signed the consent to participate in the study. The protocol was approved
by the Human Ethics Committee of the Health Science Center at the Federal University of Santa
Maria, protocol number 19435813.8.0000.5346, Brazil.

The first collection of samples was carried out during the diagnosis of MetS patients,
which constituted the MetS pre-intervention measurements. Then, the MetS group conducted
the exercise intervention for thirty weeks. Approximately 24 hours after the last exercise
session, the second collection of samples was carried out, which constituted the MetS post-
intervention measurements. Ten milliliters of peripheral blood were collected by venipuncture

from each patient pre- and post-intervention to isolate platelets and obtaining serum.

2.3 Exercise intervention

The exercise plan proposed for the MetS patients was concurrent and moderate with
aerobic and resistance exercises. The supervised training took place in the Physical Education
and Sports Center gym of the Federal University of Santa Maria. MetS patients initially
received a training adaptation for the exercises with a low intensity indoor walking for 10 min
and resistance training with few exercises and low volume and intensity for familiarization of
movement performance technique. After one week of adaptations, the volunteers performed the
exercise training during 30 weeks, and the activities were performed three times a week totaling
90 sessions. Volume and intensity of training were progressive to avoid adaptations to stimuli
caused by exercise and a good technique practice was emphasized, reducing the potential for
excessive muscle soreness and injury.

For aerobic training, the volunteers were instructed to walk on a moderate rate for about
30 minutes in the first weeks. After, they increased the walk intensity over the months to about
45 minutes with relatively fast speed.

In resistance training, the practice initially was performed with only 4 different types of
exercises. Every two weeks, a different exercise was added to the plan totaling 11 types of
exercises: chest press, rower machine, lat pull-down, triceps pulley extension, biceps curl, leg
press, leg curl, ankle plantar flexion, hip abduction, hip adduction and abdominals. The MetS
patients performed all exercises in three sets of ten repetitions with an interval of 1’ to 1’30’
between sets and 2’ to 3’ between exercises, alternating upper and lower resistance machines.

The intensity of the work was set at 70% of the maximum force, which was calculated for each
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patient using the test of the repetition maximum [23]. This test is used to determine the
approximate percentage of the workload for resistance. In the end of the sessions, the stretching
was performed individually, with emphasis in the upper and lower back, shoulders, arms, chest,

abdomen, thighs and calves.

2.4 Control subjects

Thirty healthy patients were recruited from the study group at the Center of Physical
Education at the Federal University of Santa Maria through a single-stage, using a random
sampling. They were aged between 55 and 65 years, both sexes, with normal blood pressure
and were free of diabetes mellitus, obesity, dyslipidemia, alcoholism, cigarette smoking, or
chronic diseases. Moreover, they had received no pharmacological therapy during the month
before the study and had no cardiovascular disease.

No exercise intervention was assigned to the control subjects, and all of them signed the
consent to take part in the study. Ten milliliters of peripheral blood were collected by

venipuncture from each patient and used for the isolation of platelets and for obtaining serum.

2.5 Anthropometric characteristics and blood tests

We measured the height, body weight, and abdominal circumference in all subjects
studied. The body mass index (BMI) was calculated as the subject’s weight divided by their
height squared (kg/m?). The morning blood pressure was recorded between 7 and 9 a.m. after
subjects had been in a relaxed state for at least 10 min. The blood was collected after 12 h of
overnight fasting in tubes without an anticoagulant system and centrifuged at 1800 x g for 10
min. The precipitate was discarded, and the serum was used to determine the level of HDL,
total cholesterol, triglycerides, and glucose using standard enzymatic methods with Ortho-
Clinical Diagnostics® reagents on a fully automated analyzer (Vitros® 950 dry chemistry
system; Johnson & Johnson, Rochester, NY, USA). The level of LDL-cholesterol (mg/dl) was
calculated by using the Friedewald formula: [total cholesterol (mg/dl) - [HDL-cholesterol
(mg/dl) + (triglyceride (mg/dl)/5)]]. Total blood with EDTA (Ethylenediamine Tetraacetic
Acid) was used to determine the total platelet count and the mean platelet volume (MPV) with
a Coulter-STKS analyzer (USA).

2.6 Platelet isolation
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The platelets were prepared from human donors using the method of Pilla et al. [24] and
modifications from Lunkes et al. [7]. Briefly, blood was collected into 0.129 mol/I citrate, and
the total blood-citrate system was centrifuged at 160 x g for 15 min to remove residual blood
cells. The platelet-rich plasma (PRP) was centrifuged at 1400 x g for 15 min and washed twice
with 3.5 mmol/l HEPES isosmolar buffer. The washed platelets were resuspended in HEPES
isosmolar buffer, and the protein was adjusted to 0.4-0.6 mg/ml.

2.7 LDH

The integrity of the platelet preparations was confirmed by determining the lactate
dehydrogenase (LDH) activity, which was obtained after platelet lysis with 0.1% Triton X-100
and comparing it with an intact preparation, using the Labtest kit (Labtest, Lagoa Santa, MG,
Brazil).

2.8 E-NTPDase and E-5’-nucleotidase activities

The E-NTPDase enzymatic assay was carried out in a reaction medium containing 5
mmol/l CaClz, 100 mmol/l NaCl, 5 mmol/l KCI, 6 mmol/l glucose and 50 mmol/l Tris—HCI
buffer, pH 7.4, at a final volume of 200 ul as described by Pilla et al. [24]. For AMP hydrolysis,
the E-5’-nucleotidase activity was carried out as previously described by Pilla et al. with
modifications from Lunkes et al. [7, 24], except 5 mmol/l CaCl, was replaced with 10 mmol/I
MgCl2. Twenty microliters of the enzyme preparation (8-12 pg of protein) was added to the
reaction mixture, and the mixture was pre-incubated for 10 min at 37 °C. The reaction was
initiated by the addition of ATP or ADP at a final concentration of 1.0 mM and AMP at a final
concentration of 2 mM. The incubation time was 60 min. Both enzyme assays were stopped
with the addition of 200 ul of 10% trichloroacetic acid (TCA) to provide a final concentration
of 5%. Subsequently, the tubes were chilled on ice for 10 min. Released inorganic phosphate
(Pi) was assayed using the method of Chan et al. [25] with malachite green as the colorimetric
reagent and KH2PO4 as the standard. The controls were assessed to correct for the non-
enzymatic hydrolyses of nucleotides by adding the enzyme preparation after TCA addition. All
samples were run in triplicate. The enzyme specific activities are reported as nmol Pi

released/min/mg of protein.

2.9 E-NPP activity
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The ectonucleotide pyrophosphatase/phosphodiesterase (E-NPP) activity from platelets
was assessed using p-nitrophenyl 5’-thymidinemonophosphate (p-Nph-5’-TMP) as a substrate
as described by Furstenau et al. [9]. The reaction medium containing 50 mmol/l Tris—HCI
buffer, 120 mmol/l NaCl, 5.0 mmol/l KCI, 60 mmol/I glucose, and 5.0 mmol/l CaCl;, pH 8.9
was pre-incubated with approximately 20 mg per tube of platelet protein for 10 min at 37 °C at
a final volume of 200 ml. The enzyme reaction was started by the addition of p-Nph-5’-TMP
at a final concentration of 0.5 mmol/Il. After 80 min of incubation, 200 ml NaOH 0.2 mol/l was
added to the medium to stop the reaction. The amount of p-nitrophenol released from the
substrate was measured at 400 nm using a molar extinction coefficient of 18.8x1073/mol/l/cm.
All sample analyses were performed in triplicate. The enzyme activities were expressed as nmol

p-nitrophenol released/min/mg protein.

2.10 Adenosine deaminase activity

ADA from platelets was determined according to the method of Guisti and Galanti [26]
based on the Bertholet reaction, which is the formation of a colored indophenol complex from
ammonia released from adenosine and quantified spectrophotometrically. Briefly, 50 pl of
platelets were reacted with 21 mmol/l of adenosine pH 6.5 and incubated at 37 °C for 60 min.
This method is based on the direct production of ammonia that occurs when ADA produces
excess of adenosine. The protein content used for the platelet experiment was adjusted between
0.7 and 0.9 mg/ml. The 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.

2.11 Platelet aggregation

The preparation of PRP was obtained by centrifugation of citrated-blood for 15 min at
200 x g, and the platelet aggregation profile was evaluated using Born’s method [27] by
measuring turbidity with a Chrono-log optical aggregometer (AGGRO/IINK® Model 810-CA
software for Windows ver. 5.1). Aggregation was measured at 37°C and expressed as the
maximal percent change in light transmittance from baseline to 5 min after the agonist, ADP,
was added. ADP was used at the 2.5 and 5 umol/l concentrations. The results were expressed

as the percentage of aggregation.

2.12 Protein determination
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Protein amounts were determined with the Coomassie blue method using bovine serum

albumin as a standard [28].

2.13 Statistical analysis

Data were analyzed statistically using Graphpad Prism 5.0 software. First, a Shapiro-
Wilk test was conducted to verify the normality of the data. With normally data, an unpaired
Student’s t test was performed to compare the control group with the MetS group pre- and post-
exercise intervention, and paired Student’s t test was used to compare the MetS group before
and after the exercise intervention. However, when our data did not follow a normal
distribution, Mann-Whitney U test was used to compare the control group with the MetS group
pre- and post-exercise intervention, and Wilcoxon test was used to compare the MetS group
before and after the exercise intervention. To indicate how closely two variables changed in
relationship to each other, Pearson’s correlation coefficient was used. Continuous variables are
presented as the mean £+ SD, and the other variables are shown as percentages. The level of

significance was set at 0.05 in all analyses.

3 RESULTS

3.1 Anthropometric and Biochemical Characteristics

The clinical characteristics, biochemical determinations and anthropometric parameters
of the control, MetS pre- and MetS post-intervention groups are shown in Table 1. As expected,
the MetS group had a high mean for all cardiovascular risk factors that are included in the MetS
definition compared to the control group. However, at the end of thirty weeks of training, MetS
group had a reduction in triglyceridemia to 44%, glycemia to 25%, systolic blood pressure to
14%, diastolic blood pressure to 10% and abdominal obesity to 14%, whereas the HDL
cholesterol level increased by approximately 20% when compared to the mean values before
the exercise intervention.

The MetS post-exercise intervention group showed glycemia and triglyceridemia levels
that were statistically similar to the control group (P<0.001). For other cardiovascular factors,
the MetS post-exercise intervention group showed a significant decrease in risk factors
compared with MetS pre-exercise intervention group (P<0.05), and there was a tendency for
these decreases to match the control group levels. Furthermore, we also observed a decrease in

cardiovascular risk factors that not are included in the MetS definition, such as total cholesterol
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and LDL cholesterol, in the MetS post-exercise intervention group when compared to the MetS
pre-exercise intervention group (P<0.05), and there were no differences in these parameters

when they were compared to the control group.

3.2 Ectonucleotidases and ADA activities

According to Table 2, the effect of the exercise training on E-NTPDase and E-5’-
nucleotidase activities in platelets, ATP, ADP and AMP hydrolyses were significantly
increased in MetS patients without exercise training (MetS) compared to the control group
(approximately 127% higher for ATP, 60% for ADP and 114% for AMP; P<0.001). However,
after the exercise intervention, the MetS group (MetS Ex) had significant decreases in ATP,
ADP, and AMP hydrolysis that approached the hydrolysis levels of the control group
(P<0.001).

Similar results were observed for the E-NPP enzyme (Table 2). Exercise training
reversed the significant increase in enzymatic activity observed in the MetS group (P<0.001).
However, the ADA enzyme demonstrated the opposite results. As shown in Table 2, the MetS
group had a significant decrease in ADA activity (52% less than the control group, P<0.001).
In contrast, exercise training increased the adenosine deamination for the MetS group, which
reached similar ADA activity levels to the control group (P<0.001).

3.3 Platelet aggregation

The results for platelet aggregation showed that for both ADP concentrations (2.5
pumol/l and 5 umol/l), there was a significant decrease of platelet aggregation in the MetS group
after the exercise intervention when compared to MetS patients before the exercise intervention
(22% less for ADP 2.5 umol/l and 23% less for ADP 5.0 umol/l), as shown in Table 2
(P<0.0001). Additionally, the platelet aggregation observed in the MetS patients after exercise

had similar values to the control group.

3.4 Correlation analysis

To observe the possible connections between the ectonucloetidase activities in platelets
and pro-thrombotic conditions present in MetS, we performed the correlation analysis between
all the purinergic enzymes activities and parameters of lipid profile as well as platelet
functionality. According to the data shown in Table 3, a significant positive correlation was

observed between E-NTPDase activity to ATP and ADP hydrolysis and plasma triglycerides
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(ATP: r=0.671, P<0.001/ ADP: r=0.452, P<0.01), MPV (ATP: r=0.414, P<0.01/ ADP:
r=0.518, P<0.001), Platelet aggregation to ATP hydrolysis (ADP 2.5umol/l: r=0.771, P<0.001/
ADP 5.0 umol/l: r=0.774, P<0.001) and Platelet aggregation to ADP hydrolysis (ADP
2.5umol/l: r=0.634, P<0.001/ ADP 5.0 pumol/Il: r=0.698, P<0.001). However, opposite result
was observed in the correlation between E-NTPDase activity and HDL-cholesterol (ATP: r=-
0.443, P<0.01/ ADP: r=-0.336, P<0.05).

Similarly, platelet E-5’-nucleotidase and E-NPP activities demonstrated a significant
positive correlation with plasma triglycerides level (E-5’-nucleotidase: r=0.579, P<0.001/ E-
NPP: r=0.663, P<0.001) and platelet aggregation (E-5’-nucleotidase: ADP 2.5umol/l: r=0.541,
P<0.01 - ADP 5.0 pmol/l: r=0.512, P<0.01/ E-NPP: ADP 2.5umol/l: r=0.743, P<0.001 - ADP
5.0 umol/I: r=0.749, P<0.001), on the other hand they showed a negative correlation with HDL-
cholesterol (E-5’-nucleotidase: r=-0.514, P<0.001/ E-NPP: r=-0.347, P<0.05) and no
significant difference when they were correlated with MPV (P>0.05), as shown in Table 3.

In contrast, according to the Table 3, we observed that the platelet ADA activity was
positively correlated with the HDL-cholesterol (r=0.479, P<0.01), however negatively
correlated with plasma triglycerides level (r=-0.485, P<0.001), MPV (r=-0.357, P<0.05) and
Platelet aggregation (ADP 2.5umol/l: r=-0.635, P<0.001/ ADP 5.0 pumol/I: r=-0.647, P<0.001)

4 DISCUSSION

The prescription of antihypertensive, hypoglycemic and lipid-lowering drugs is the
clinical procedure to treat a patient with MetS. However, the “residual risk” or hidden risks, as
oxidative stress, pro-thrombotic and pro-inflammatory processes that arise due to the
associations between the risk factors, are not eliminate efficiently by these therapies [29, 30].
In this sense, physical exercise has been highlighted because it promotes favorable
physiological adaptations, which may improve quality of life and attenuate the cardiovascular
risk factors as well as the hidden risks present in MetS [18, 21].

In this study, regular exercise training was able to reduce blood pressure,
triglyceridemia, glycemia and abdominal circumference, simultaneously to increase HDL
cholesterol in MetS patients. Even though, the benefits of physical exercise for reducing classic
cardiovascular risk factors are nothing new since several studies have demonstrated a direct
relationship between physical inactivity and the presence of multiple risk factors, such as those
found in MetS [16-21, 31]. However, it is noteworthy that the full potential of exercise training

for treatment and prevention of MetS is still poorly explored because its effects on hidden risks
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is not well understood [30]. Additionally, considering that the purinergic system plays an
important role in the control of thrombotic processes [32], which represents one of the MetS
hidden risks, we analyzed the purinergic enzymes and the effect of exercise training on these
enzymes in platelets.

Alterations in purinergic enzyme activities have been verified in CVDs, suggesting that
these enzymes are important pathological parameters by controlling the adenine nucleotide and
nucleoside levels [5-8, 16, 32]. Corroborating with these findings, we also observed that the
ectonucleotidase activities of platelets were altered in MetS patients through activation of E-
NTPDase, E-NPP and E-5’-nucleotidase enzymes and inhibition of ADA enzyme, which could
result in a depletion of ATP, ADP and AMP levels as well as elevate adenosine levels. Similar
enzymatic activities were observed in platelets of patients with acute coronary syndrome, acute
myocardial infarction, hypertension and diabetes [6-8], suggesting that these enzymatic
activities could be a cardiovascular compensatory mechanism, since ATP and ADP can induce
platelet aggregation whereas adenosine is a cardioprotector molecule that induces
vasodilatation and inhibits platelet aggregation [5, 32]. Then, the compensatory mechanism
may also be present in MetS and the high adenosine production by ectonucleotidase enzymes
could be a platelet response to metabolic imbalance and an attempt to maintain the homeostasis
[5, 6].

Nonetheless, it is interesting to note that despite the compensatory mechanism by
ectonucleotidase activities in platelets was activated, the platelet aggregation in the MetS
patients before the exercise intervention was higher than the healthy subjects for both agonist
concentrations. Similarly, the MPV, which reflects the size and degree of platelet activation,
was also significantly higher in MetS patients, conforming also observed by Santilli et al. [33].
As the total platelet count was similar in all groups, the activated and hyperaggregator profile
of the platelets observed in MetS may be a result of platelet integrity loss caused by the set of
MetS risk factors, including oxidative and inflammatory conditions as well as alterations in
lipid profile [30, 34].

In fact, plasma triglycerides and its remnant lipoproteins have been correlated with
platelet hyperaggregation whereas HDL has been considered an important platelet anti-
aggregator [35, 36]. On the other hand, dyslipidemia and oxidative stress conditions can
promote the formation of heavily oxidized HDL, which binds to platelets via CD36, like
oxidized LDL and fatty acids do, thereby inducing platelet activation [36]. Then, the anti-
aggregator mechanism via ectonucleotidase activities may not be enough to hold these
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dyslipidemia pro-aggregatory conditions present in MetS. Likewise, it has been proposed that
CD36 action is modulated by ecto-enzymes as E-NTPDase [37]. Corroborating with this
hypothesis, we observed a significant correlation between all ectonucleotidase activities in
platelet, especially E-NTPDase activity, and plasma triglycerides, HDL-cholesterol and platelet
aggregation levels. Then, we may clearly infer with these results that ectonucleotidase enzymes
play an important role in modulation of platelet activation and aggregation in conditions such
as the MetS.

Comparatively, after exercise intervention, besides a reduction in all classic
cardiovascular risks, we also demonstrated that MetS patients had a reversion of platelet
ectonucleotidase activities to basal levels as well as a decrease in platelet aggregation. The same
effect was observed by Cardoso et al. (2012) in platelets of hypertensive rats subjected to a
swimming regimen [16]. Indeed, exercise training has been recognized by many beneficial
effects that could be associated with the results mentioned previously, including: decrease in
fat stores and plasma triglycerides, increase in caloric expenditure, higher metabolic rate at rest,
improve insulin sensitivity, decrease inflammatory state, increase antioxidant defenses and
elevate native HDL levels [38,39].

This way, regular exercise training could promote positive metabolic adaptations that
ensure the platelet integrity and inactive the compensatory mechanism by ectonucleotidase
enzymes [16]. Equally, some studies have reported that the use of antioxidant and anti-
inflammatory substances could modulate the activity of ectonucleotidases in platelets since they
are membrane enzymes and the membrane integrity could influence their conformational state
[40-42]. On this basis, we may infer that lower production of pro-inflammatory molecules and
higher scavenging of reactive oxygen species caused by regular exercise training could favor
the reversion in ectonuceotidase activities of platelets during the MetS.

Concomitantly, exercise training is also known to decrease plasma triglycerides and its
remnant lipoproteins as well as to increase the native HDL levels regardless of the type and
duration of exercise [39]. Likewise, the enhanced antioxidant defenses triggered by training
could protect native HDL, ensuring that the HDL molecules have a higher affinity for receptors
that suppress platelet activation instead of the CD36 on the platelet membrane [36]. Several
studies have demonstrated that the increase in HDL levels by training is simultaneous to a
decrease in MPV and in platelet aggregation degree, which highlights HDL as antithrombotic
molecule and the importance of the training in modulation its levels [43]. Apart from these

findings, we also observed that the higher HDL level after exercise intervention in MetS
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patients was correlated with a decrease in ectonucleotidase activities in platelets. Perhaps, these
data could be correlated to lower binding of oxidized HDL or triglycerides-rich lipoproteins
remnant to the CD36 receptor on platelets and consequently lower involvement of these ecto-
enzymes after exercise intervention.

In addition, during exercise training high ATP rates are hydrolyzed by ATPases present
in endothelial cells and in plasma [44], which leads to larger AMP plasma concentrations.
Consequently, a higher adenosine level can be produced through the action of E-5’-nucleotidase
enzyme. Notably, the activity of the E-5’-nucleotidase enzyme in platelet of MetS patients
remained slightly increased after the exercise intervention when compared to the healthy
subjects. In fact, the cardiovascular benefits of exercise have been associated to its ability to
increase adenosine levels and the density of Aza receptors in the tissues and cells [45,46]. As a
result, exercise training could stimulate E-5’-nucleotidase enzyme as a strategy to produce
adenosine and cardiovascular protection, which induces an inhibitory aggregator effect on
platelets via Aza receptors, as also observed for other CVD, such as hypertension and heart
failure [16, 21] .

Thereafter, we could infer that MetS patients have a propensity to pro-thrombotic state,
characterized by changes in the activity of ectonucleotidase enzymes and an increase in platelet
aggregation, whereas regular exercise training plays an important role in reversions of
ectonucleotidase activities and in reduction of platelet hyperaggregation in MetS patients. The
exercise training may restore the metabolic balance, ensuring regulation of lipid profile,
maintenance of platelet cellular integrity and then triggering anti-thrombotic effects and
cardiovascular protection. Overall, we may highlight the exercise as an important tool against
MetS complications, both for its multiple benefits, including the reduction of pro-thrombotic

state, as the easy accessibility for the general population.
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8 TABLES

Table 1 - Baseline characteristics of the study population (Control n=30; MetS n=38).

CT MetS Pre-Ex MetS Post-Ex

Cardiovascular risk factors included in metabolic syndrome

Glycemia (mg/dl) 79.6 +115 115.5 + 23.2" 86.7 + 14.9*
SBP (mmHg) 109+ 10 138.6 £ 13.2™ 119.4 £ 12.1%#
DBP (mmHg) 72+6 87 + 13" 79.12 +58"*
Triglyceridemia (mg/dl) 78.68 + 26 183.1+60™ 103 + 38.2%
HDL cholesterol (mg/dl) 59.2+12.4 41.9+6.2" 50.3 £13.9%#
Waist circumference (cm) 84.2+11.8 112.2 +14.8™ 96.7 £10.2%*

Cardiovascular risk factors not included in metabolic syndrome

Age (yr) 58.3+2.8 59.4 + 3.0 59.4 + 3.0
Men/Woman 13/17 15/23 15/23
Total cholesterol (mg/dl) 120.7 +15.9 175.1 +£ 26.8™ 130.9 + 20.1%
LDL cholesterol (mg/dl) 74.3+32.2 99.1+24.5™ 78.2 + 35.9%
BMI (Kg/m?) 23.2+33 35.13+5.13" 349 +5.6™
Platelet count (total cells/pl) 208.5+54.9 213.4£64.9 197.1+44.4
MPV (fl) 7.0+0.55 7.82+1.15™ 7.1+£0417

Data are reported as means £ SD. CT = Control subjects; MetS Pre-Ex = Metabolic syndrome pre-
exercise intervention; MetS Post-Ex = Metabolic syndrome post-exercise intervention. * indicates
statistically significant differences with P<0.05 and ** indicate significant differences with P<0.001
when compared to control group (unpaired Student’s t or Mann-Whitney U test). # indicate a
statistically significant difference compared to MetS Pre-Ex (P<0.05, paired t test or Wilcoxon test).
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Table 2 - Activities of ectonucleotidase enzymes and aggregation profile in platelets of the
control subjects (n=30) and MetS group (n=38) before and after the exercise intervention.

ENZYME/TEST CT MetS Pre-Ex MetS Post-Ex
E-NTPDase to ATP (nmol Pi/min/mg protein) 10.48 £ 1.66 25.27 +9.74™ 13.55 + 2.00*
E-NTPDase to ADP (nmol Pi/min/mg protein) 7.25+1.31 11.54 +3.61™ 7.97 £ 2.53%
E-5’-nucleotidase to AMP (nmol Pi/min/mg protein) 2.72+0.59 5.97 +1.00™ 3.75+1.42%%
E-NPP to 5'-TMP (nmol p-nitrophenol
released/min/mg protein) 0.89 +0.61 6.07 +3.55™ 1.30 + 0.40*
ADA to Adenosine - (U/L) 4.75+0.88 2.27 £1.08™ 437 +1.24%
Agregation Profile with ADP 2.5umol/I - (%) 49.46 + 5.59 78.00+ 7.77" 55.78 + 5.31*
Agregation Profile with ADP 5.0umol/I - (%) 68.00 + 4.33 88.89+6.17" 68.89 + 3.48"

Data are reported as means + SD. CT = Control subjects; MetS Pre-Ex = Metabolic syndrome pre-exercise
intervention; MetS Post-Ex = Metabolic syndrome post-exercise intervention. * indicates statistically
significant differences with P<0.05 and ** indicate significant differences with P<0.001 when compared to
control group (unpaired Student’s t or Mann-Whitney U test). # indicate a statistically significant difference

compared to MetS Pre-Ex (P<0.001, paired t test or Wilcoxon test).
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Table 3 — Pearson’s correlation between activities of ecto-nucleotidase enzymes in platelet and

pro-thrombotic risk factors (n=14 to each group).

E-NTPDase activity
to ADP hydrolysis

E-NTPDase activity
to ATP hydrolysis

E-5’-nucleotidase

activity

E-NPP activity

ADA activity

r

P

r

P

P

r

P

r

P

HDL-
cholesterol
level
(mg/dl)

-0.336

<0.05

-0.443

<0.01

-0.514

<0.001

-0.347

<0.05

0.479

<0.01

Plasma
triglycerides
level
(mg/dl)

0.452

<0.01

0.671

<0.001

0.579

<0.001

0.663

<0.001

-0.485

<0.001

Mean
platelet
volume -
MPV (fl)

0.518

<0.001

0.414

<0.01

0.218

>0.05

0.129

>0.05

-0.357

<0.05

Platelet
aggregation
(%, to ADP
2.5 umol/l)

0.634

<0.001

0.771

<0.001

0.541

<0.01

0.743

<0.001

-0.635

<0.001

Platelet
aggregation
(%, to ADP
5.0 pumol/l)

0.698

<0.001

0.774

<0.001

0.512

<0.01

0.749

<0.001

-0.647

<0.001




65

3.2 Artigo Aceito para Publicacéao

Exercicio fisico regular modula positivamente as enzimas ectonucleotidases

em linfécitos de pacientes com sindrome metabdlica

EXERCISE TRAINING POSITIVELY MODULATES THE
ECTONUCLEOTIDASE ENZYMES IN LYMPHOCYTES OF
METABOLIC SYNDROME PATIENTS

Caroline Curry Martins, Margarete Dulce Bagatini, Andréia Machado Cardoso,
Daniela Zanini, Fatima Husein Abdalla, Jucimara Baldissarelli, Diéssica Padilha

Dalenogare, Daniela Lopes dos Santos, Maria Rosa Chitolina Schetinger, Vera
Maria Morsch.

Aceito para publicagdo pela revista “INTERNATIONAL JOURNAL OF SPORTS
MEDICINE”.



66

----- Mensagem encaminhada -----

De: International Journal of Sports Medicine
<onbehalfof+jarduarte+fade.up.pt@manuscriptcentral.com>

Para: margaretebagatini@yahoo.com.br

Enviadas: Terga-feira, 19 de Julho de 2016 19:25

Assunto: International Journal of Sports Medicine - Decision on Manuscript ID 1IJSM-05-2016-5653-
pb.R2

19-Jul-2016

Dear Prof. Bagatini:

It is a pleasure to accept your manuscript entitled "EXERCISE TRAINING
MODULATES THE ECTONUCLEOTIDASE ENZYMES IN METABOLIC
SYNDROME PATIENTS" in its current form for publication in the International
Journal of Sports Medicine.

The galley proofs will be sent to you within a few weeks. After receipt of your printing
approval, your article will be published online ahead of print (eFirst) at www.thieme-
connect.com. Please note that the date of the online publication is the definite

publication date of your article.

Thank you for your fine contribution. On behalf of the Editors of the International
Journal of Sports Medicine, we look forward to your continued contributions to the

Journal.

Sincerely,
Prof. Jose Duarte
Editor, International Journal of Sports Medicine

jarduarte@fade.up.pt


http://www.thieme-connect.com/
http://www.thieme-connect.com/

1SM/5653/12.8.2016/MPS

Authers

Affiliationz

Key words

© metaboelic syndrome
© E-NTPDase

@ aDa

@ exercise training

@ inflammation

acceptad after revision
July 19,2016

Bibliography

DOl hrep:|/dx.doi.org/
10.1055/5-0042-114218

Int | Sports Med 2016; 37:

1-7 @ Georg Thieme

Verlag KC Stuttgart - New York
155N 01724622

Correspondence

Prof. Margarete Dulce
Bagatini

Coordenacdo Académica
Universidade Federal da
Fronteira Sul

SC484, km 02
£9812-000 Chapeco
Brazil

Tel.: #55/49/2049 2600
Fax: +55/49/2049 2600
margaretebagatini@yahoo.
com.br

c.
D. z Santez’, M. R. €. Schetingar', V. M. M. Morzch'

67

Physiology & Biochemistry -

Exercise Training positively modulates the
Ectonucleotidase Enzymes in Lymphocytes of
Metabolic Syndrome Patients

€. Martinz', M. D. Bagatini’, A. M. Cardezo’, D. Zanini', F. Abdalla’, |. Baldizzarelli', D. P. Dalencgars’,
L.d

' Departamento de Bioquimica e Biologia Molecular, Universidade Federal de Santa Maria. Santa Maria, Brazil
Coordenacio Académica, Universidade Federal da Fronteira Sul, Chapeco, Brazil

Abstract

v

In this study, we investigated the cardiovascular
risk factors as well as ectonucleotidase activities
in lymphocytes of metabolic syndrome (Met5)
patients before and after an exercise interven-
tion. 20 Met5 patients, who performed regular
concurrent exercise training for 30 weeks, 3 times|
week, were studied. Anthropometric, biochemi-
cal, inflammatory and hepatic parameters and
hydrolysis of adenine nucleotides and nucleoside
in lymphocytes were collected from patients
before and after 15 and 30 weeks of the exercise
intervention as well as from participants of the
control group. An increase in the hydrolysis of

ATP and ADP, and a decrease in adenosine deami-
nation in lymphocytes of MetS patients before
the exercise intervention were observed
(P<0.001). However, these alterations were
reversed by exercise training after 30 weeks of
intervention. Additionally, exercise training
reduced the inflammatory and hepatic markers
to baseline levels after 30 weeks of exercise. Our
results clearly indicated alteration in ectonucleo-
tidase enzymes in lymphocytes in the Met5,
whereas regular exercise training had a protec-
tive effect on the enzymatic alterations and on
inflammatory and hepatic parameters, especially
if it is performed regularly and for a long period.

Introduction

v

Metabolic syndrome (MetS) clusters several met-
abolic abnormalities that increase the risk for
cardiovascular diseases (CVD) and diabetes,
including hyperglycemia, hypertension, dyslipi-
demia and central obesity [11]. Each of the indi-
vidual components of MetS perse is a risk to CVD,
however the abdominal fat is the major risk fac-
tor responsible for the development of inflamma-
tion that appears to be a central mechanism in
the pathophysiology of MetS [35].

Normally, patients with Met5 demonstrate a diet
containing excess calories and physical inactivity,
favoring an excess of triglycerides level and its
storage in the adipocytes, liver and skeletal mus-
cles at the same time that the adipose tissue
becomes highly active [35]. Numerous pro-
inflammatory adipocytokines are secreted by acti-
vated adipocytes stimulating the inflammation,
which favors the emergence of other disorders
associated with MetS, such as insulin resistance,
non-alooholic fatty liver disease (NAFLD) and ath-
erosclerosis [35,36].

In this context, immune cells are recruited to adi-
pose tissue and the lymphocytes appears to be

fundamental to support inflammation locally as
well as systematically [ 13]. On its cell surface, the
lymphocyte shows purinergic enzymes, termed
ectonucleotidases, as ectonucleoside triphos-
phate diphosphohydrolase (E-NTPDase) and
adenosine deaminase (ADA), which are responsi-
ble to modulate extracellular adenine nucleo-
tides and nucleoside (ATP, ADP and adenosine)
levels [27].

ATP and adenosine are important messengers
of immune and inflammatory process and
alterations in their levels represent changes in
metabolic and immuno-inflammatory homeo-
stasis. ATP is a pro-inflammatory molecule that
stimulates the lymphocytes, inflammasome
and the release of pro-inflammatory cytokine
whereas adenosine exhibits anti-inflammatory
and immunosuppressive actions by inhibiting
both proliferation of T cells and secretion of
pro-inflammatory cytokines [20,31]. Conse-
quently, by controlling the ATP and adenosine
levels, E-NTPDase and ADA enzymes play an
important role in the modulation of purnergic
actions in the inflammatory process. On the
other hand, little is known about these
enzymes in the conditions of Met5.

B Proof copy for correction only. All forms of publication, duplication or distribution prohibited under copyright law. B

Martns CC et al. Exercise Training positively modulates ... Int) Sports Med 2016; 37: 1-7
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ABSTRACT

In this study, we investigated the cardiovascular risk factors as well as ectonucleotidase
activities in lymphocytes of metabolic syndrome (MetS) patients before and after an exercise
intervention. Twenty MetS patients, who performed regular concurrent exercise training for 30
weeks, three times /week, were studied. Anthropometric, biochemical, inflammatory and
hepatic parameters and hydrolysis of adenine nucleotides and nucleoside in lymphocytes were
collected from patients before and after 15 and 30 weeks of the exercise intervention as well as
from participants of the control group. An increase in the hydrolysis of ATP and ADP, and a
decrease in adenosine deamination in lymphocytes of MetS patients before the exercise
intervention were observed (P<0.001). However, these alterations were reversed by exercise
training after 30 weeks of intervention. Additionally, exercise training reduced the
inflammatory and hepatic markers to baseline levels after 30 weeks of exercises. Our results
clearly indicated alteration in ectonucleotidase enzymes in lymphocytes in the MetS, whereas
regular exercise training had a protective effect on the enzymatic alterations and on
inflammatory and hepatic parameters, especially if it is performed regularly and for a long

period.

Keywords: Metabolic Syndrome; E-NTPDase; ADA; Exercise training; Inflammation
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1 INTRODUCTION

Metabolic syndrome (MetS) clusters several metabolic abnormalities that increase the
risk to cardiovascular diseases (CVD) and diabetes, including hyperglycemia, hypertension,
dyslipidemia and central obesity [11]. Each of the individual components of MetS per se is a
risk to CVD, however the abdominal fat is the major risk factor responsible for the development
of inflammation that appears to be a central mechanism in the pathophysiology of MetS [35].

Normally, patients with MetS demonstrate a diet containing excess calories and physical
inactivity, favoring an excess of triglycerides level and its storage in the adipocytes, liver and
skeletal muscles at the same time that the adipose tissue becomes highly active [35]. Numerous
pro-inflammatory adipocytokines are secreted by activated adipocytes stimulating the
inflammation, which favors the emergence of other disorders associated with MetS, such as
insulin resistance, non-alcoholic fatty liver disease (NAFLD) and atherosclerosis [35, 36].

In this context, immune cells are recruited to adipose tissue and the lymphocytes appears
to be fundamental to support inflammation locally as well as systematically [13]. On its cell
surface, the lymphocyte shows purinergic enzymes, termed ectonucleotidases, as
ectonucleoside triphosphate diphosphohydrolase (E-NTPDase) and adenosine deaminase
(ADA), which are responsible to modulate extracellular adenine nucleotides and nucleoside
(ATP, ADP and adenosine) levels [27].

ATP and adenosine are important messengers of immune and inflammatory process and
alterations in their levels represent changes in metabolic and immuno-inflammatory
homeostasis. ATP is a pro-inflammatory molecule that stimulates the lymphocytes,
inflammasome and the release of pro-inflammatory cytokine whereas adenosine exhibits anti-
inflammatory and immunosuppressive actions by inhibiting both proliferation of T cells and
secretion of pro-inflammatory cytokines [20, 31]. Consequently, by controlling the ATP and
adenosine levels, E-NTPDase and ADA enzymes play an important role in the modulation of
purnergic actions in the inflammatory process. On the other hand, little is known about these
enzymes in the conditions of MetS.

Comparatively, the regular and moderate exercise training has been reported to be able
to reduce the cardiovascular risks, abdominal fat and inflammation, demonstrating to be a great
therapeutic to MetS patients [16, 34]. However, the amount of exercise necessary to reduce the
inflammatory process has not been described and few studies have investigated all the
beneficial effects of the exercise training on the MetS condition. Moreover, studies have shown

that exercise training may influence the activity of enzymes that hydrolyze adenine nucleotides
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and nucleosides in different conditions [8, 29]; however, on the MetS situation this effect of the
exercise is poorly explored.

Then, based in the all these circumstances, the aims of our study were to evaluate E-
NTPDase and ADA activities in lymphocytes of MetS patients and their possible correlations
with MetS pathology, and observed the effect of the exercise training on these enzymes as well
as on the cardiovascular risks of the MetS in 15 and 30 weeks of the intervention.

2 PATIENTS
2.1 Metabolic syndrome patients

Twenty volunteer MetS patients from the study group at the Center of Physical Education
at the Federal University of Santa Maria were selected for this study. The MetS patients were
recruited through a single-stage, using a random sampling with ages between 55 to 65 years old
and from both sexes. MetS was characterized according to the classification of the National
Cholesterol Education Program — Adult Treatment Panel 111 (NCEP - ATP I1Il, 2001) [14].
Selected participants were free of liver diseases, of infection of human immunodeficiency virus
(HIV), hepatitis B or C virus, alcoholism, cigarette smoking as well as autoimmune disorders,
according to a questionnaire applied.

All participants have signed the consent to participate in the study. The protocol was
approved by the Human Ethics Committee of the Health Science Center at the Federal
University of Santa Maria, protocol number 19435813.8.0000.5346, Brazil.

The participants diagnosed with MetS were observed in three different times: before
starting an exercise intervention, after 15 weeks of exercise intervention and at the end of 30
weeks of exercise intervention. In each time, anthropometric and biochemical measurements
were performed in all MetS patients. To biochemical tests, ten milliliters of peripheral blood

were collected by venipuncture to isolate lymphocytes and obtaining serum and plasma.

2.2 Control participants

Twenty healthy participants were recruited from the study group at the Center of
Physical Education at the Federal University of Santa Maria through a single-stage, using a
random sampling. They were aged between 55 and 65 years old, from both sexes, with normal
blood pressure and were free of diabetes mellitus, obesity, dyslipidemia, alcoholism, cigarette
smoking, liver diseases, infection of HIV, hepatitis B or C virus, autoimmune disorders or

chronic diseases. Moreover, they had received no pharmacological therapy during the month
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before the study and had no cardiovascular disease. These information were obtained through
a questionnaire applied to people and were based on the results of the biochemical and
anthropometric parameters of the same.

No exercise intervention was assigned to the control participants, and all of them signed
the consent to take part in the study. Ten milliliters of peripheral blood were collected by
venipuncture from each patient and used for the isolation of lymphocytes and obtaining serum

and plasma.

3. MATERIALS AND METHODS
All the methods used in the study meet the ethical standards of the International Journal
of Sports Medicine [12].

3.1 Exercise intervention

The exercise training plan proposed for the MetS patients was concurrent and moderate
with aerobic and resistance exercises. The supervised training took place in the Physical
Education and Sports Center gym of the Federal University of Santa Maria. MetS patients
initially received a training adaptation for the exercises with a low intensity indoor walking for
10 min and resistance training with few exercises and low volume and intensity for
familiarization of movement performance technique. After one week of adaptation, the
volunteers performed the exercise training during 30 weeks, and the activities were performed
three times a week totalizing 90 sessions. Volume and intensity of training were progressive to
avoid adaptation to stimuli caused by exercise and a good technique practice was emphasized,
reducing the potential for excessive muscle soreness and injury. The moderate intensity of the
exercises was measured by rating of perceived exertion, in which the patients showed the
panting breath, but they could still speak [4]

For aerobic training, the volunteers were instructed to walk on a moderate rate for about
30 min during the first weeks. After, they increased the walk intensity over the months to about
45 min with relatively fast speed.

In resistance training, the practice initially was performed with only 4 different types of
exercises. Every two weeks, a different exercise was added to the plan totalizing 11 types of
exercises: chest press, rower machine, lat pulldown, triceps pulley extension, biceps curl, leg
press, leg curl, ankle plantar flexion, hip abduction, hip adduction and abdominals. The MetS

patients performed all exercises in three sets of ten repetitions with an interval of 1’ to 1°30”’
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between sets and 2’ to 3° between exercises, alternating upper and lower resistance machines.
The intensity of the work was set at 70% of the maximum force, which was calculated for each
patient using the repetition maximum test [5]. This test is used to determine the approximate
percentage of the workload resistance. In the end of the sessions, the stretching was performed
individually, with emphasis in the upper and lower back, shoulders, arms, chest, abdomen,
thighs and calves.

3.2 Chemicals
Nucleotides and Trizma base were from Sigma-Aldrich (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 highest purity.

3.3 Anthropometric characteristics and blood tests

We measured the height, body weight, and waist circumference in all participants
studied. The body mass index (BMI) was calculated as the subject’s weight divided by their
height squared (kg/m?). The morning blood pressure was recorded between 7 and 9 a.m. after
participants had been in a relaxed state for at least 10 min. The blood was collected after 10 h
of overnight fasting in tubes with and without an anticoagulant system and centrifuged at 1800
x g for 10 min. The precipitate was discarded, and the serum was used to determine the level of
HDL, total cholesterol, triglycerides, glucose, alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) using standard enzymatic methods with Ortho-Clinical Diagnostics®
reagents on a fully automated analyzer (Vitros® 950 dry chemistry system; Johnson & Johnson,
Rochester, NY, USA). The level of LDL-cholesterol (mg/dl) was calculated by using the
Friedewald formula: [total cholesterol (mg/dl) - [HDL-cholesterol (mg/dl) + (triglyceride
(mg/dl)/5)]]. The level 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 ®. Total blood with EDTA (Ethylenediamine Tetraacetic
Acid) was used to determine the total white blood cell and lymphocyte counts with a Coulter-

STKS analyzer (USA) as well as to isolation of the lymphocytes.

3.4 Isolation of mononuclear cells from human blood
Mononuclear leukocytes were isolated from human blood collected with EDTA and
separated on Ficoll-Histopaque density gradients as described by Béyum [2]. Despite the
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methodology described above used to separate mononuclear cells, the work done by Jaques et
al. [15] demonstrated that there is a high incidence of lymphocytes in separate samples and the
amount of monocytes is almost insignificant. For this reason, we have treated the samples as

containing only lymphocytes.

3.5 E-NTPDase enzyme assays

After lymphocyte isolation, E-NTPDase activity was determined as described by Leal
et al [18]. The reaction medium contained 0.5 mmol/lI CaCl,, 120 mmol/l NaCl, 5 mmol/l KClI,
6 mmol/l glucose and 50 mmol/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 was added to
the reaction medium (2-4 ug 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 ul of 10% trichloracetic acid (TCA).
The released inorganic phosphate (Pi) was assayed using malachite green as colorimetric
reagent and KH2POj 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.

3.6 ADA enzyme assay

Adenosine deaminase activity was measured spectrophotometrically in lymphocytes by
the method of Giusti et al [10]. Briefly, 25 uL 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.

3.7 Myeloperoxidase enzyme assays

Myeloperoxidase (MPO) activity was measured in plasma from human blood collected
with EDTA, according to Metcalf et al [23]. The MPO activity was analyzed
spectrophotometrically by a modified peroxidase-coupled assay system involving phenol, 4-
aminoantipyrine (AAP) and H20.. Briefly, 390 ul of 2.5 mmol/l AAP and 20 mmol/l phenol

were placed in each tube, followed by 450 pl of 1.7 mmol/l H20.. In the presence of H20- as
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oxidizing agent, MPO catalyzed the oxidative coupling of phenol and AAP yielding a colored
product, quinoneimine, with a maximum absorbance at 500 nm. The mmol/l absorbance
coefficient for the quinoneimine was determined to be Y = 14 + 0.1/mM™ cm, close to the
previously reported values [17]. Results were expressed in umol/l of quinoneimine produced at

30 min.

3.8 Protein determination
Protein amounts were determined with the Coomassie blue method using bovine serum

albumin as a standard [3].

3.9 Statistical analysis

Data were analyzed statistically using Graphpad Prism 5.0 software. First, a Shapiro-
Wilk test was conducted to verify the normality of the data, which showed that our data did not
follow a normal distribution. Thus, the Wilcoxon test was used for comparison of the three
different times (before exercise-intervention, 15 weeks of exercise-intervention and 30 weeks
of exercise-intervention) in the same MetS group and the Mann-Whitney test was used for
comparison between different groups (control group and MetS groups). To indicate how closely
two variables changed in relation to each other, Spearman correlation coefficient was used.
Continuous variables are presented as the mean + SD and the level of significance was set at

0.05 in all analyses.

4 RESULTS

Biochemical characteristics and anthropometric parameters were significantly different
between control group and MetS group before and after the exercise intervention, as
demonstrated in Table 1. However, it is interesting to note that these differences to control
group were higher when compared with the MetS group before the exercise intervention (all
tests with P < 0.001). After 15 and 30 weeks of the exercise intervention, these differences
decreased (HDL with P < 0.05 after 15 weeks and only glycemia, weight and BMI with P <
0.001 after 30 weeks). In addition, at the end of the exercise training plan the MetS group had
no difference of the control group to DBP, HDL and LDL parameters and the others parameters
had a tendency to match the control group levels.

When the MetS group was compared in three different times, we observed significant

increase in HDL level and decrease in all others biochemical characteristics and anthropometric
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parameters over the exercise training period, since the tests in pre-exercise intervention, 15
weeks and 30 weeks post-exercise intervention were statistically different from each other (P <
0.05). Besides, the most positive results in order to reduce the cardiovascular risk factors were
observed in MetS group after 30 weeks of the exercise, since the mean of the HDL level
increased 54.150% and means of the triglyceridemia, glycemia, DBP, SBP and waist
circumference reduced 49.144%, 31.543%, 22.439%, 17.741% and 8.670%, respectively,
when compared with the MetS group before the exercise training.

Similar results were observed to inflammatory and hepatic parameters, as showed in
Table 2 and 3, respectively. The MetS group before the exercise intervention showed CRP level
and ALT/AST ratio above the normal levels and all inflammatory and hepatic parameters were
significantly higher than the control group (P <0.001). However, after 30 weeks of the exercise
training these parameters restored to the same or similar values observed in the control group.
In highlighted, we observed that the uric acid levels and AST activity of the MetS group reached
the same values of the control group even in 15 weeks of the exercise training. Indeed,
inflammatory and hepatic parameters decreased significantly in the MetS group over the
exercise training period (P < 0.05), while the ALT/AST ratio demonstrated to be affected by
the exercise only after 30 weeks of the intervention.

Results obtained for E-NTPDase and ADA activities in lymphocytes are shown in Fig.
1. As can be observed, ATP and ADP hydrolysis were significantly increased in the MetS pre
— exercise intervention group when compared with the control group (approximately 66%
higher for ATP and 110% for ADP; P <0.001; Fig. 1 A and B). However, ADA activity showed
approximately 35% lower in MetS group before the exercise intervention than the control group
(P < 0.001; Fig. 1 C). On the other hand, the exercise showed to have per se an ability to
decrease ATP and ADP hydrolysis and increase ADA activity in the MetS group after 15 and
30 weeks of the intervention (P < 0.05) and at the end of the exercise training plan the MetS
group demonstrated similar E-NTPDase and ADA activities to the control group.

Correlation analysis was performed between E-NTPDase or ADA activities in
lymphocytes and ALT/AST ratio, CRP and waist circumference to observe possible
connections of the purinergic system with the MetS. According to the data shown in Table 4, a
significant positive correlation was observed between E-NTPDase activity to ATP and ADP
hydrolysis and ALT/AST ratio (ATP: r = 0.603, P < 0.001/ ADP: r =0.732, P <0.001), CRP
(ATP: r = 0.663, P < 0.001/ ADP: r = 0.732, P < 0.001) and waist circumference (ATP: r =
0.416, P < 0.001/ ADP: r =0.421, P <0.001). However, opposite results were observed in the
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correlations between ADA activity and ALT/AST ratio (r = - 0.645, P < 0.001), CRP (r = -
0.667, P < 0.001) and waist circumference (r = - 0.439, P <0.001).

5 DISCUSSION

The purinergic system controls a large number of the metabolic ways [27, 31], so it
could be an important connecting route between the unclear processes involved in the
pathophysiology of the MetS. Equally, remain poorly explored all the positive effects of the
physical exercise on the MetS. In this way, we explore these features and we observed that the
enzymes of the purinergic system are altered in lymphocytes from MetS patients and the regular
exercise training plays modulatory role on these enzymes as well as other beneficial effects.

ATP and adenosine act as immune signals and control the inflammatory process, since
the ATP can promote pro-inflammatory responses, whereas the adenosine may signal anti-
inflammatory effects on diverse immune cells [1]. Then, by controlling the extracellular adenine
nucleotide and nucleoside levels, ectonuclotidase enzymes, as E-NTPDase and ADA, are able
to regulate the immune homeostasis and, for this reason, alteration in their activities has been
associated with inflammatory diseases [1].

Indeed, studies of our research group have demonstrated alteration in the
ectonucleotidase enzymes of lymphocytes in diseases that have inflammatory process involved
in their pathology, as hypertension [7], multiple sclerosis [26, 30], HIV [19] and smoking [33].
Similarly, the inflammatory process appears to be a central mechanism in the pathophysiology
of the MetS, since in central obesity the adipose tissue becomes metabolically active and
releases different adipocytokines, which regulate immune-inflammatory function and may
contribute to the development of chronic inflammation, insulin resistance and NAFLD [22, 35].

In accordance with these ideas, our results showed an increase in E-NTPDase activity
to ATP and ADP hydrolysis and a decrease in ADA activity of lymphocytes from MetS patients,
which may favor an immunosuppressive condition by increasing adenosine level. Indeed, some
reports have demonstrated that these enzymatic behaviors in lymphocytes represent an
important compensatory mechanism to reduce inflammation and immune response in diverse
pathologies [7, 19, 26, 30, 33].

The compensatory mechanism via ectonucleotidases in MetS could be triggered from
high ATP level secreted by lymphocytes and others immune cells that were stimulated and
recruited to adipose tissue through adipocytokines [1, 13]. However, it is interesting to note that

the alteration in E-NTPDase and ADA activities were not enough to contain the inflammatory
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process in MetS, as observed by the increase in CRP and MPO levels in the patients. In this
way, it could lead us to think that these enzymatic alterations may be a warning sign that slows
the progression of inflammation but does not prevent its occurrence in MetS.

In contrast, the regular exercise training has been associated with a significant protection
against immuno-inflammatory process and its protective effect is due to the ability to enhance
mitochondrial performance and to prevent the ATP release and then the inflammasome
activation [7, 25]. Corroborating with these findings, we observed that the regular exercise
training was able to restore the metabolic and inflammatory homeostasis as well as to reverse
the alterations observed in E-NTPDase and ADA activities of lymphocytes in MetS patients.

To our knowledge, this is the first investigation to examine the effect of the exercise
training on these enzymes of lymphocytes in MetS. Thus, it is difficult to compare our findings
to other studies. A previous study of our group, however, demonstrated that the
ectonucleotidase enzymes were altered in platelets of the MetS patients and the regular exercise
training was able to reverse these enzymatic alterations, besides to decrease the platelet
aggregation [21]. Consequently, we may infer that these enzymes play significant roles in the
pathology of the MetS and the exercise has the ability to modulate the activity of these enzymes
through its protective effects.

Concomitantly to changes in the purinergic enzymatic activities, MetS patients of our
study also showed an increase in CRP, MPO activity, uric acid, ALT, AST and ALT/AST ratio,
while the exercise training was able to reduce all these parameters after both 15 weeks and 30
weeks of the intervention. Additionally, ALT/AST ratio has shown to be a more powerful
predictor of early-stage MetS and visceral fat accumulation than ALT level [24] and it must be
noted that the ALT / AST ratio decreased only after 30 weeks of the exercises, which coincides
with the return of the E-NTPDase and ADA activities to baseline levels. Thus, our results
clearly express that the purinergic enzymes may be an indicator of inflammatory processes and
hepatic abnormalities present in MetS.

Based on everything that has been exposed so far, we propose that abdominal fat and its
consequent metabolic disorders stimulate the release of signals, such as adipocitokines/
citokines and ATP, from the cells to indicate the loss of homeostasis. In response to these
signals, the E-NTPDase and ADA enzymes could alter their activity to try increase adenosine
level and avoid a possible “failure” from inflammation if these signals are not contained. The
exercise, however, decreases abdominal fat and restores metabolic and inflammatory

homeostasis, inhibiting the release of disorder signals and then the enzymatic activity of E-
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NTPDase and ADA return to baseline level. This hypothesis may be reinforced through the
significant correlations of the E-NTPDase and ADA activities with ALT/AST ratio, CRP and
waist circumference, according showed in our results.

Moreover, there is still no consensus about the optimal intensity of exercise training to
treatment of MetS. Some studies have suggested that exercise training of low intensity is the
best to the old adults, while others have shown that it has no effect on cardiovascular risks [28,
32]. Similarly, the exercise training of high intensity could potentially reduce the cardiovascular
risks; however, it can cause discomfort, injury, or lack of success, especially to the old adults
[9, 28]. Then, in this study, we investigated the effect of the training with moderate intensity
and it was observed that this intensity may promote significant cardioprotective effects in MetS
patients, with low risk of injury, which is widely recommended for the MetS treatment [6, 21].

In conclusion, MetS appears to a constellation of disorders associated with
inflammatory, hepatic and purinergic alterations. The E-NTPDase and ADA enzymes in
lymphocytes play important positive modulatory effects in the pathophysiology of the MetS
and they may represent a basis of pharmacological tests to development of new treatment not
only MetS, but also to other cardiovascular disorders. Moreover, we emphasized that the regular
exercise training is an effective intervention to treat MetS patients, since its effects are
positively observed in various perspectives, including in the modulation of the purinergic
enzymes. Finally, the results of our study suggested that the 30 weeks of the exercise
intervention were more effective than 15 weeks of training to reduce significantly the
cardiovascular risks of the MetS, which highlight that the most positive results of the exercise

are obtained in long-term and therefore the regularity is a crucial factor to achieve its benefits.
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Table 1 - General and biochemical characteristics of the study population.

83

Metabolic Syndrome

Control

Pre-Ex 15w Post-Ex 30w Post-Ex
n 20 20 - -
319 06/14 05/15 - -
Age (yr) 59.40 £ 3.95 57.95+ 3.30 - -
Glycemia (mg/dl) 86.45+7.11 147.10 £ 51.81***2  116.10 £ 32.74***>  100.70 £ 19.0***¢
SBP (mmHg) 117.40£7.94  150.50 + 15.38*** 2 137,50 + 11.53***>  123.80 + 8.09* ¢
DBP (mmHg) 78.25+7.30 102.50 + 11.18***2a  90.50 + 7.76***P 79.50 + 5.59°
Triglyceridemia (mg/dl) 86.90 + 22.61 222.0 £58.93*** 2  165.20 + 36.63*** P  112.90 + 25.88**:¢
HDL cholesterol (mg/dl) 53.65+ 7.89 37.95 £ 6.28***2 48.95 +5.26*° 58.50 + 6.83°
Waist circumference (cm) 86.20 £ 8.73 103.80 £ 9.99*** 2 99,65 + 10.18***P 94.80 £ 9.12* ¢
Total cholesterol (mg/dl) 152.90 £ 26.62  235.0 + 54.03***2  201.20 £ 22.37***P 175,60 + 26.11* ¢
LDL cholesterol (mg/dl) 81.82+24.04  152.60 + 46.89*** 23 119.20 + 22.31***P 94.48 + 27.79°
Weight (Kg) 7430+ 11.41 95.25 + 9.91***.2 92.30 £ 9.83***:P 89.85 + 9.24***.¢
BMI (Kg/m?) 23.93+2.88 38.24 £ 8.69*** 2 36.63 £ 5.55***.2 30.74 + 3.80%** P

Data are reported as means + SD. Pre-Ex = Metabolic syndrome pre-exercise intervention; 15w Post-Ex = Metabolic syndrome 15 weeks
post-exercise intervention; 30w Post-Ex = Metabolic syndrome 30 weeks post-exercise intervention; SBP and DBP = systolic and diastolic
blood pressures, respectively; BMI = body mass index. * indicates statistically significant differences with P < 0.05, ** with P < 0.01 and
*** with P < 0.001 when compared to control group (Mann—Whitney test). Different superscript letters indicate statistically significant
differences between different times (pre-, 15w post- and 30w post- exercise) in the same MetS group (P < 0.05, Wilcoxon test).

Table 2 — Inflammatory parameters of the study population.

Metabolic Syndrome

Control
Pre-Ex 15w Post-Ex 30w Post-Ex
CRP (mg/l) 0.54 +0.32 2.99 + 1.49%**.2 1.98 + 0.91*** b 1.04 £ 0.56** ¢
MPO activity (umol/l Quinoneimine) 1.22+0.20 2.01 £ 0.41%**2 1.52 + 0.30**P 1.16 +0.29¢
Uric acid (mg/dl) 4.36 £1.32 7.47 £ 0.96%**2 4.85+0.85° 4.02+0.73°¢
White blood cell (/mm?3) 5730 + 1430 7590 + 1840***: 2 6695 + 1413* P 6505 + 1165°

Lymphocyte count (/mm?)

1845 + 487.20

3521 + 715.2*** 2

2510 + 524,10%**:P

2150 + 345.60* ¢

Data are reported as means + SD. n = 20/group. Pre-Ex = Metabolic syndrome pre-exercise intervention; 15w Post-Ex = Metabolic syndrome 15 weeks
post-exercise intervention; 30w Post-Ex = Metabolic syndrome 30 weeks post-exercise intervention; CRP = C-reactive protein; MPO = myeloperoxidase
enzyme. * indicates statistically significant differences with P < 0.05, ** with P < 0.01 and *** with P < 0.001 when compared to control group (Mann—
Whitney test). Different superscript letters indicate statistically significant differences between different times (pre-, 15w post- and 30w post- exercise) in

the same MetS group (P < 0.05, Wilcoxon test).
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Metabolic Syndrome

Control
Pre-Ex 15w Post-Ex 30w Post-Ex
ALT (U/) 16.80 + 4.38 43.0 + 6.84***2 31.25 + 3.98***.b 20.05 £ 3.63* ¢
AST (U/) 19.20 £ 3.08 28.70 £ 3.97***.2 20.20 +3.72° 18.40 £ 2.85°
ALT/AST ratio 0.89+£0.25 1.50 £ 0.20***2 1.57 £ 0.22***.2 1.09 + 0.15** P

Data are reported as means + SD. n = 20/group. Pre-Ex = Metabolic syndrome pre-exercise intervention; 15w Post-Ex = Metabolic syndrome 15
weeks post-exercise intervention; 30w Post-Ex = Metabolic syndrome 30 weeks post-exercise intervention; ALT = serum alanine aminotransferase;
AST = serum aspartate aminotransferase. * indicates statistically significant differences with P < 0.05, ** with P < 0.01 and *** with P < 0.001
when compared to control group (Mann—Whitney test). Different superscript letters indicate statistically significant differences between different

times (pre-, 15w post- and 30w post- exercise) in the same MetS group (P < 0.05, Wilcoxon test).

Table 4 - Spearman coefficient between activities of E-NPTDase and ADA
lymphocytes and cardiovascular risk factors (n=20 to each group).

enzymes in

E-NTPDase to ADP

- NLT/S?(?&E?SATP hydrolysis ADA activity
r P r P r P
ALT/AST ratio 0.603 <0.001 0.732 <0.001 -0.645 <0.001
CRP (mg/l) 0.663 <0.001 0.732 <0.001 -0.667 <0.001
Waist circumference (cm) 0.416 <0.001 0.421 <0.001 -0.439 <0.001
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10 FIGURES

Fig. 1. E-NTPDase activity using ATP (A) and ADP (B) as substrates and ADA activity (C)
using adenosine as substrate in lymphocytes of control and MetS before and after exercise
interventions. Data are reported as means £ SD. n = 20/group. CT = control group; MetS Pre-
Ex = Metabolic syndrome pre-exercise intervention; MetS 15w Post-Ex = Metabolic syndrome
15 weeks post-exercise intervention; MetS 30w Post-Ex = Metabolic syndrome 30 weeks post-
exercise intervention. *** indicates statistically significant differences with P < 0.001 when
compared to control group (Mann—Whitney test). Different superscript letters indicate
statistically significant differences between different times (pre-, 15w post- and 30w post-
exercise) in the same MetS group (P < 0.05, Wilcoxon test).
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Fig. 1
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4. DICUSSAO

Entre o periodo da década de 90 e os dias atuais, houve um significativo
aumento na prevaléncia da SMet devido a rapida e descontrolada industrializacao,
aumento no numero de empregados em escritérios e, principalmente, devido a
inatividade fisica associada a dieta irregular. O aumento na prevaléncia da SMet foi
de quase 30% nos paises ocidentais, associado ao aumento de duas vezes na
prevaléncia das DCV e de quatro vezes na prevaléncia de DMT2 (SOYSAL et al.,
2016).

Dessa forma, a SMet se configura um grave problema de salde publica
mundial e, por isso, estudos que buscam desvendar os seus mecanismos patolégicos
tém sido incentivados a fim de fornecer informacdes que facilitem o diagnostico
precoce, bem como o desenvolvimento de possiveis novos farmacos para o seu
tratamento (BASSI et al., 2014). Embora muitos estudos estejam voltados para
desvendar os mecanismos responsaveis pelas complicacdes associadas a SMet,
ainda existem muitos questionamentos que necessitam ser elucidados a fim de melhor
compreender o que ocorre em nivel celular em pacientes com SMet e, assim, propiciar
subsidios tedricos que auxiliam a pratica clinica na reducdo da sua prevaléncia.

Estudos mais recentes sobre a SMet tém seu foco principal nos mecanismos
trombaticos e inflamatorios que, sabidamente, acompanham a patologia em maior ou
menor grau (ASTERHOLM et al., 2014; RUSSO, 2012; SANTILLI, 2012; WELTY,
ALFADDAGH & ELAJAMI, 2016). Isso porque as condi¢cdes pré-trombaoticas e pro-
inflamatorias sé@o favorecidas pela associacéo dos fatores de risco cardiovasculares e
estdo diretamente relacionadas ao processo aterosclerético e suas consequentes
complica¢des (BADIMON, VILAHUR & PADRO, 2009). Por conseguinte, o diagndstico
e tratamento precoces da SMet podem evitar danos irreversiveis ou fatais aos
pacientes.

Entretanto, os mecanismos envolvidos nas vias tromboticas e inflamatorias
ainda precisam ser melhor esclarecidos. Sabe-se que existe um envolvimento
importante do sistema purinérgico, em nivel vascular, nestes processos. A regulacao
dos niveis dos nucleotideos ATP, ADP e AMP e do nucleosideo adenosina parecem
ser cruciais na inducéo das respostas pro ou antitrombaoticas, bem como pro ou anti-
inflamatorias (KANTHI, SUTTON & PINSKY, 2014). Sendo assim, fica claro que as
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enzimas responsaveis pela hidrélise dessas moléculas e, consequentemente,
responsaveis pela regulacdo dos seus niveis, exercem um significativo papel no
funcionamento do organismo e na manutencdo da homeostase em condi¢cdes
fisiologicas e patoldgicas.

De fato, os resultados observados neste estudo indicam alteragbes nas
atividades das enzimas E-NTPDase, E-NPP, E-5-nucleotidase e ADA em plaquetas,
bem como das enzimas E-NTPDase e ADA em linfocitos de pacientes com SMet, o
gue pode ser relatado como uma resposta organica compensatoria do organismo a
fim de evitar o processo trombotico e inflamatdrio e manter a homeostasia metabdlica
através da deplecédo de ATP e de ADP e da producédo de adenosina. Cabe ressaltar
gue o ADP é conhecido por induzir a agregacéo plaquetéria, enquanto que o ATP
possui efeitos pré-inflamatérios; ao contrario da adenosina, a qual € conhecida por
seus efeitos cardioprotetores como: anti-inflamatério, vasodilatador e inibidor da
agregacdao plaquetéria (FERRARI et al., 2015; KAHNER et al., 2006).

Contudo, €é importante destacar que a resposta organica via
ectonucleotidases, apesar de seu intuito cardioprotetor, ndo € capaz de inibir o
desenvolvimento da SMet e dos riscos associados a suas complicagfes, ja que 0s
fatores de risco cardiovasculares, incluindo hiperglicemia, hipertensao, dislipidemia,
obesidade abdominal, inflamacé&o e agregacéo plaquetaria, permaneceram elevados
nos pacientes do estudo. Entretanto, as atividades das enzimas do sistema
purinérgico apresentam o relevante papel de compensar os danos causados pela
SMet e, assim, evitam a perda total da homeostasia e maiores prejuizos a integridade
celular.

Nesse contexto, como a SMet é uma condicdo reversivel, o tratamento dos
pacientes com a sindrome constitui uma consideravel maneira de se evitar custos
maiores com as DVC, as quais estdo entre 0s gastos orcamentarios mais elevados
tanto no Brasil, quanto mundialmente (MINISTERIO DA SAUDE, 2013; SCHMIDT et
al., 2011). Entre as diversas formas de tratamento da SMet, a via medicamentosa tem
sido a mais utilizada, porém sua eficacia é reduzida quando analisados os seus efeitos
sobre os fatores de riscos ocultos, ndo diminuindo o risco cardiovascular até um
significativo nivel de seguranca (SADIKOT & HERMANS, 2010).

Comparativamente, a pratica regular de exercicios fisicos, ao longo dos anos,

tem sido descrita como um dos principais co-adjuvantes no tratamento da SMet devido
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aos seus inumeros efeitos cardioprotetores. Além de ser capaz de atuar na reducao
dos fatores de risco que estdo associados ao desequilibrio metabdlico, o exercicio
também tem demonstrado importantes efeitos antitromboéticos e anti-inflamatorios
(CHURCH, 2011; DRIGNY etal., 2011; MONTESI et al., 2013; PEERI & AMIRI, 2015).

De forma geral, o desequilibrio metabdlico presente na sindrome resulta em
alteracOes na atividade mitocondrial celular, com elevagdo na producéo de EROs,
perda da integridade celular, extravasamento de ATP para o espaco extracelular,
aumento nas taxas de necrose celular e na producao de proteinas pré-trombaticas (LI
et al., 2014; RUSSO, 2012; SAMSON & GARBER, 2014). Esses efeitos contribuem
para a disfuncdo endotelial e aumento da agregacdo plaquetaria (SANTILLI et al.,
2012). Além disso, as EROs e o ATP tém sido postulados como o0s principais
ativadores dos inflamassomas nas células do sistema imune, sendo, assim,
responsaveis por estimular a liberacdo de moléculas pré-inflamatérias, como IL-1p,
IL-6 e FNT-a (LI et al., 2014).

O exercicio fisico, por outro lado, tem se demonstrado eficaz em promover a
renovacao das mitocondrias e, assim, tem uma participacao direta na manutencao da
homeostasia energética atraves da melhoria da funcdo mitocondrial.
Consequentemente, o treinamento fisico inibe a ativacdo dos inflamassomas, a
producdo de FNT-a e de proteinas pro-agregantes, promovendo acbes anti-
agregantes e anti-inflamatérias (PEDERSEN & SALTIN, 2015). No entanto, os
mecanismos que contribuem para essas respostas ainda requerem esclarecimentos.

Cabe destacar que durante uma sessao de exercicio moderado ocorre a
mobilizacdo de moléculas de ATP e o aumento na producéo de adenosina, indicando
importante participacao do sistema purinérgico nas respostas induzidas pelo exercicio
(CARDOSO et al., 2012, 2015). Contudo, a relacdo entre o exercicio e 0 sistema
purinérgico, até o presente momento, ainda nao havia sido investigado na condi¢ao
da SMet.

Sendo assim, este € um trabalho pioneiro no qual foi investigado o efeito de
30 semanas de exercicio fisico concorrente sobre a atividade das enzimas do sistema
purinérgico em plaquetas e linfocitos, bem como na agregacao plaquetaria e nos
marcadores inflamatérios de pacientes com SMet.

Os resultados obtidos indicam que o exercicio fisico € um potente protetor e

modulador das enzimas do sistema purinérgico, além de, como ja esperado, um
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regulador da homeostase metabodlica capaz de controlar os fatores de risco
cardiovasculares associados a SMet.

No presente estudo, trinta semanas de exercicio fisico concorrente, de
intensidade moderada e realizado tréz vezes por semana, foram capazes de reverter
tanto o aumento na atividade das enzimas E-NTPDase, E-NPP e E-5-nucleotidase,
quanto a reducgéo na atividade da enzima ADA em plaquetas de pacientes com SMet.
O fato de manter a atividade enzimética nos mesmos niveis dos individuos saudaveis
indica que os niveis circulantes de ATP e ADP, que sdo moléculas que induzem a
agregacao plaquetaria, se mantiveram em niveis fisiol6gicos, o que provavelmente
contribuiu para a prevencdo da agregacdo plaquetéaria, também observada ao final
das 30 semanas de treinamento.

A capacidade que o exercicio fisico tem de promover adaptacdes positivas no
metabolismo energético, bem como na funcionalidade mitocondrial, permite manter a
integridade celular (RUSSO, 2012; SAMSON & GARBER, 2014), induzindo a
inativacdo dos mecanismos compensatérios observados através das atividades das
ectonucleotidases. A correlacdo positiva entre as atividades das enzimas E-NTPDase,
E-NPP e E-5-nucleotidase e o0s niveis dos marcadores pro-trombaticos observados
no estudo ressaltam a relacdo direta da alteracdo metabdlica e as alteracdes
enzimaticas, enquanto que o exercicio se destaca por ter a capacidade de regular o
metabolismo e, assim, modular as ectonucleotidases.

Da mesma forma, o plano de treinamento fisico foi capaz de reverter tanto o
aumento na atividade da enzima E-NTPDase, quanto a reducdo na atividade da
enzima ADA em linfocitos de pacientes com SMet apds 30 semanas de exercicio
fisico. ApGs 15 semanas de treinamento, também ocorreu reducado na atividade da E-
NTPDase e aumento na atividade da ADA, mas as atividades enzimaticas apenas
atingiram 0os mesmos niveis dos individuos saudaveis apos as 30 semanas de
treinamento, 0 que claramente expressa a necessidade de praticar exercicios com
regularidade para a obtencdo de melhores efeitos protetores.

Além disso, ap0s as trinta semanas de exercicio, a restauracdo metabdlica,
observada pela diminui¢cdo dos fatores de risco cardiovasculares, novamente coincidiu
com as atividades enzimaticas atingindo os niveis basais. Para a célula linfocitaria,
iSso pode representar a restauracao da sua integridade celular a partir do equilibrio

metabdlico, assim como a diminuigdo do processo inflamatoério através da regulagéo
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dos niveis de ATP extracelular, o qual é sabidamente uma molécula pré-inflamatoria
(ESSER et al., 2014), induzindo, assim, a inativagdo do mecanismo compensatorio
via enzimas purinérgicas.

Cabe destacar também que o tecido adiposo visceral, determinado pela
circunferéncia abdominal na SMet, € considerado a principal via secretora de
moléculas pro-inflamatérias, denominadas adipocinas, sendo responsavel por grande
parte da inflamacao cronica de baixo grau observada nos pacientes com a sindrome.
Esse processo inflamatério também pode se estender ao figado, resultando na
esteatose ou ativacdo de vias hepaticas do estresse, perpetuando a inflamacéo
(GIACAGLIA, DA SILVA & DOS SANTOS, 2010; OHGO et al., 2009).

O exercicio fisico regular, por sua vez, aumenta a metabolizacao lipidica e
reduz a taxa corporal de gordura. Com isso, o tecido adiposo subcutaneo diminui a
sobrecarga de armazenamento, melhora o fluxo sanguineo e restaura a integridade
dos adipécidos, reduzindo, assim, a producdo de adipocinas pré-infamatérias. Esses
mesmos efeitos benéficos do exercicio se estendem ao figado, reduzindo a esteatose
e promovendo a manutencéao de integridade hepatica (GIACAGLIA, DA SILVA & DOS
SANTOS, 2010).

Corroborado com esses dados, este estudo também observou a reducéo dos
marcadores inflamatérios e hepéticos ap6s as 30 semanas de treinamento, o que
destaca o exercicio fisico como uma importante via anti-inflamatoria. Observou-se
também que a circunferéncia abdominal, a PC-R e o ALT/AST ratio se correlacionam
de forma positiva com a atividade da E-NTPDase e de forma negativa com a atividade
da ADA em linfocitos de pacientes com SMet. Esses dados reafirmam a atuacéo
dessas enzimas como uma resposta organica compensatoéria do organismo frente ao
desbalanco metabdlico e ao processo inflamatério.

Entretanto, para que todas as suposicOes feitas até aqui se confirmem, é
importante que se meca a expressado das enzimas purinérgicas em plaquetas e em
linfécitos, assim como a dosagem do contetdo circulante de ATP e de ADP nos
pacientes com SMet, antes e apdés a intervensao fisica.

Ainda assim, este estudo permitiu desvendar em parte 0S mecanismos
relacionados aos processos protetores advindos da pratica regular de exercicios
fisicos na SMet relativos aos processos inflamatorios e a agregacgéo plaquetaria. Os

resultados observados apontam para o fato de que o exercicio atua como modulador
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da atividade das enzimas do sistema purinérgico na condi¢cdo da SMet e, dessa forma,
pode exercer controle sobre os niveis dos nucleotideos e nucleosideo de adenina.
Sugere-se que essas respostas tenham sido provenientes das adaptacdes ocorridas
no organismo decorrentes dos estimulos causados pelo exercicio. Contudo, incentiva-
se que mais estudos sejam realizados a fim de melhor elucidar os mecanismos

moleculares que estéo atuando nesta modulagao.
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5. CONCLUSOES

m De forma geral, os pacientes com SMet apresentaram significativo aumento de
peso, de IMC, de circunferéncia abdominal, de pressao arterial, de glicemia e
dislipidemia. Porém, essas alterac6es foram modificadas pelo exercicio fisico,
especialmente quando praticado de forma regular e por longo prazo, o que
reforca os seus efeitos benéficos no tratamento da SMet.

m Os parametros inflamatérios, como PC-R, MPO e &cido Urico, assim como a
contagem total de leucdcitos e de linfécitos estavam aumentados nos pacientes
com SMet. Contudo a pratica regular de exercicios fisicos, especialmente ao
final de 30 semanas, foi capaz de reduzir esses marcadores. Isso enfatiza o

efeito anti-inflamatorio do treinamento fisico regular na condicdo da SMet.

m A pratica regular de exercicios fisicos diminuiu a agregacao plaquetaria, que se
mostrou elevada previamente ao plano de exercicios, nos pacientes com SMet,
sugerindo importante papel do treinamento fisico na prevencdo de processos
tromboticos.

m A atividade das enzimas E-NTPDase, E-NPP e E-5-nucleotidase estava
aumentada, enquanto que a atividade da enzima ADA estava diminuida em
plaquetas de pacientes com SMet. Isso indica um efeito compensatorio dessas
enzimas frente a condicdo da SMet, induzindo a deplecdo de ATP e ADP e a
producdo de adenosina, uma molécula anti-agregante. A prética regular de
exercicios fisicos demonstrou ser capaz de reverter essas alteracdes

enzimaticas.

m Em linfécitos, a atividade da enzima E-NTPDase se mostrou aumentada e a
atividade da enzima ADA diminuida nos pacientes com SMet. Contudo, o
exercicio fisico foi eficaz em reverter essas alteracées enzimaticas, sugerindo
que a possivel reducéo dos niveis de ATP circulantes pelo treinamento esteja
relacionada com os mecanismos anti-inflamatorios advindos da pratica regular

de exercicios fisicos.



94

6. PERSPECTIVAS

Este trabalho forneceu subsidios importantes para o esclarecimento da
relacdo entre as enzimas do sistema purinérgico na condigcdo da SMet, bem como o
papel da pratica do exercicio fisico regular sobre as mesmas nesta patologia.
Entretanto, muitos aspectos da inter-relacdo SMet, exercicios e sistema purinérgico
precisam ser esclarecidos.

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

e Avaliagdo dos niveis de outros marcadores inflamatorios, como as
interleucinas proé-inflamatorias (IL-1, IL-6 e IL-8) e anti-inflamatdrias (IL-

4 e IL-10) na SMet antes e apdés o plano de exercicio fisico.

e Verificacdo da expressao das enzimas E-NTPDase, E-5-Nucleotidase
e ADA em plaquetas e em linfocitos dos pacientes com SMet, pré e

pos-exercicio fisico.

e Quantificacdo, pré e pos-exercicio fisico, do nivel sorolégico dos

nucleotideos ATP, ADP e AMP, e do nucleosideo adenosina.

e Verificacdo da densidade dos receptores purinérgicos em plaquetas e

em linfécitos na condicdo da SMet, pré e pds-exercicio fisico.
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serdo submetidos a exercicios fisicos aerdbicos e de hipertrofia muscular, trés vezes por semana, durante
30 semanas. Entdo, 24h apas o término do plano de exercicios, sera realizada a segunda coleta de sangue
do grupo SMet. Os exercicios fisicos que serdo abordados incluem caminhada como exercicio aerébio e
musculacdo como exercicio de resisténcia e hipertrofia muscular. Para o grupo controle constituido por
individuos saudaveis, sera realizada apenas uma coleta de sangue, sem a interferéncia do exercicio fisico.
Esse delineamento sera realizado até que o grupo de estudo contemple o nimero de participantes
estipulado. Os sujeitos serdo avaliados em nimero de 50 para cada grupo. Apresenta e maternais utiizados
serdo obtidos através de recursos de projetos vinculados ao CNPg/CAPES e FAPERGS. O

cronograma prevé inicio da pesquisa em maio
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UNIVERSIDADE FEDERAL DE
SANTA MARIA/ PRO-REITORIA W o
DE POS-GRADUACAO E

Confinuagdo do Parecer: 417.003

de 2013 e encerramento em abril de 2016.

Consideragdes sobre os Termos de apresentagio obrigatoria:
Apresenta os documentos obrigatorios (folha de rosto, projeto de pesquisa, cronograma adequado e
orcamento da pesquisa, folha de registro no GAP, termo de confiabilidade e TCLE assinados pela

pesquisadora responsavel, autorizacdo dos locais onde ocorrerdo as atividades e as analises laboratoriais).

Recomendagoes:

N&o ha recomendagdes.

Conclusdes ou Pendéncias e Lista de Inadequagoes:

O projeto pode ser aprovado sem restricdes.

Situagio do Parecer:

Aprovado
Necessita Apreciagao da CONEP:
N&o

Consideragoes Finais a critério do CEP:

SANTA MARIA, 07 de Outubro de 2013

Assinador por:

Félix Alexandre Antunes Soares
{Coordenador)
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APENDICES

APENDICE A — Termo de consentimento livre e esclarecido

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

O Programa de POs-Graduacdo em Bioquimica Toxicolégica da UFSM esta
desenvolvendo um projeto de pesquisa intitulado: EFEITO DO EXERCICIO FiSICO
SOBRE O SISTEMA PURINERGICO E SOBRE O PROCESSO INFLAMATORIO DE
PACIENTES COM SINDROME METABOLICA, através da académica Caroline Curry
Martins, orientada pela Dra. Vera Maria Morsch, que tem como objetivo avaliar a
atividade de componentes sangliineos, que se alteram durante a SMet, a fim de
esclarecer os mecanismos envolvidos na SMet. Justifica-se este estudo tendo em
vista que pacientes com SMet apresentam maiores chances de desenvolver doencas
cardiovasculares, coronarianas e cerebrovasculares. Os beneficios do estudo para os
participantes € a possibilidade de verificar fatores predisponentes e envolvidos na
SMet sendo esses informados e esclarecidos de atitudes preventivas que poderdo
tomar.

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

Fica garantido que as amostras coletadas ficardo sob responsabilidade do
pesquisador durante o periodo do projeto (6 meses) no laboratério de Enzimologia,
sala 2208, prédio 18, Centro de Ciéncias Naturais e Exatas, da Universidade Federal
de Santa Maria e que as mesmas serao utilizadas apenas para fins cientificos, sem
gque o paciente seja identificado, garantindo assim o anonimato. Apds serao
descartadas de acordo com as normas de seguranca do Hospital Universitario de
Santa Maria.

A participacdo neste estudo € livre e voluntaria, sendo que ndo havera

nenhuma forma de compensacao financeira ou custos para o participante. A recusa
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na participagdo ndo leva a nenhum prejuizo ou comprometimento dos cuidados de
salde aos pacientes.

Pelo presente Termo de Consentimento Livre e Esclarecido, declaro que estou
de acordo em participar deste projeto de pesquisa, livre de qualquer constrangimento,
pois fui informado de forma clara e detalhada dos objetivos e dos procedimentos que
serdo realizados. Fui igualmente informado da garantia de receber respostas a
qualquer davida que ainda puder ter sobre assuntos relacionados com a pesquisa, e
da liberdade de retirar meu consentimento a qualguer momento, sem que haja
prejuizo de qualquer ordem.

Ciente e de acordo com o0 que foi anteriormente exposto, eu

estou de acordo em participar nesta pesquisa,

assinando este consentimento.

Santa Maria, de 201

Assinatura

Caroline Curry Martins/ Pesquisadora/ (55)99045111
Vera Maria Morsch/ Orientadora/ (55)91422611

Comité de Etica em Pesquisa da Universidade Federal de Santa Maria
Avenida Roraima, 1000 - Prédio da Reitoria - 7° andar - Sala 702
Cidade Universitaria - Bairro Camobi

97105-900 - Santa Maria - RS
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APENDICE B — Questionario para anamnese.

e,
g E ; UNIVERSIDADE FEDERAL DE SANTA MARIA &
% &5# & NUCLEO DE ESTUDOS EM EXERCICIO FisIco E SAUDE OC%)
ANAMNESE
NOME:
DATA DE NASCIMENTO: __ / / SEXO: ( )Masculino ( )Feminino
IDADE: TELEFONE:
ENDERECO:

HISTORIA DE PATOLOGIAS:

SINTOMAS DIFERENTES:

HISTORIA DE CIRURGIAS:

PATOLOGIAS NOS FAMILIARES PROXIMOS:
PROBLEMAS ORTOPEDICOS:
MEDICAMENTOS EM USO:

FUMA: ( )SIM ( )NAO QUANTOS CIGARROS POR DIA:
POSSUT CONVENIO MEDICO: ( ) Sim ( )Ndo  Qual:
PRATICA ATIVIDADE FISICA: ( ) Sim ( )N&o  Qual:
PRATICAVA NA ADOLESCENCIA: ( ) Sim ( ) Ndo Qual:

Avaliagdo Inicial Avaliagdo Final

DATA

Antrepemetria

Peso (Kg)

Altura

Circunferéncia Abdeminal

IMC

Pressdo Arterial

Exames Laborateriaiz

Glicemia de Jejum

Triglicerideos

HDL ¢

LDL ¢

Colesterol Total




