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RESUMO

A hipertensdo é um dos principais fatores de risco para doengas cardiovasculares em
mulheres p6s-menopausadas. Nesse contexto, a hiperatividade simpatica, o estresse oxidativo e
a inflamagdo parecem ter um importante papel no seu desenvolvimento. Por outro lado, o
treinamento fisico (TF) aerdbio tem sido sugerido para prevencédo e/ou tratamento de diversas
doencas, enquanto o TF resistido é preconizado em complemento ao TF aerdbio. Entretanto, os
efeitos da associacdo desses tipos de treinamento (TF combinado) ainda ndo estdo claros na
condicdo de hipertensdo associada a menopausa. Dessa forma, objetivo do presente estudo foi
verificar os efeitos do TF combinado em pardmetros hemodinamicos, de controle autonémico
cardiovascular, de estresse oxidativo e inflamacéo em ratas hipertensas ooforectomizadas. Ratas
fémeas Wistar e espontaneamente hipertensas (SHR) foram divididas em (n=8 por grupo):
controle (C), hipertenso (H), hipertenso ooforectomizado (HO) e hipertenso ooforectomizado
submetido ao treinamento fisico combinado (THO). O TF foi realizado em esteira e escada
adaptada (5 dias por semana; 8 semanas; 40-60% da capacidade maxima). A pressao arterial
(PA) foi mensurada de forma direta (Windaq, 2 KHz); e a modulagdo autondmica cardiovascular
foi avaliada por analise espectral. A sensibilidade barorreflexa foi avaliada pela infusdo de
drogas vasoativas. O estresse oxidativo foi avaliado pela lipoperoxidagdo e pela capacidade
antioxidante em tecido renal e cardiaco. Marcadores inflamatérios foram avaliados em tecido
cardiaco. Observou-se um aumento na PA média no grupo H (165+3 mmHg) quando comparado
ao grupo C (113+1,5 mmHg) e um aumento adicional no grupo HO (176+4 mmHg) quando
comparado aos demais grupos. Entretanto, o grupo THO (155+3 mmHg) apresentou uma
reducdo de PA associada a bradicardia de repouso. Além disso, grupo THO apresentou
normalizagéo do prejuizo observado nos grupos H e HO na variancia do intervalo de pulso e
dos pressorreceptores para respostas bradicardicas. O grupo HO (50,78+4,61 mmHg?)

apresentou um prejuizo adicional na variabilidade da PA sist6lica quando comparado aos grupos



H e C (23,69+0,45 e 34,09+2,37 mmHg? respectivamente). Entretanto, o grupo treinado
apresentou atenuagdo dessa disfungdo (THO: 30,09+2,03 mmHg?). Adicionalmente, observou-
se uma atenuacio na modulagéo simpatica vascular no grupo THO (5,72+0,60 mmHg?) quando
comparado ao grupo HO (7,69+0,46 mmHg?). A ooforectomia induziu um aumento adicional
no estresse oxidativo avaliado por TBARS em tecido cardiaco e renal (vs. demais grupos
estudados). No entanto, o grupo THO apresentou uma redugdo deste pardmetro no tecido
cardiaco (THO: 3,84+0,43 vs. HO: 9,18+0,81 pumoles/mg proteina) e renal (THO: 2,68+0,21 vs.
HO: 4,58+0,40 pumoles/mg proteina). O grupo THO apresentou um aumento na capacidade
antioxidante total ndo enzimatica (TRAP) quando comparado aos demais grupos. Houve
reducdo da IL-10 nos grupos ooforectomizados (HO e THO vs. C). Além disto, houve aumento
de TNF-a nos grupos hipertensos sedentarios (H e HO vs. C), o que néo foi observado no grupo
THO. Concluindo, o treinamento fisico combinado foi eficaz em reduzir PA associado a
melhora do barorreflexo, reducéo da modulagéo simpatica vascular, do estresse oxidativo e da
inflamacéo em ratos espontaneamente hipertensos ooforectomizados. Esses resultados sugerem
um papel importante do treinamento fisico combinado no manejo do risco cardiovascular na

presenca de hipertensdo e privacdo dos hormdnios ovarianos.



ABSTRACT

Hypertension is one of the main risk factors for cardiovascular disease mainly in
postmenopausal women. In this context, the sympathetic overactivity, the oxidative stress and
the inflammation seem to have play an important role in development of this disease. On the
other hand, aerobic exercise training (ET) has been suggested to prevention and/or treatment
of several diseases. Moreover, resistance ET has been recommended as a complement of
aerobic ET. However, the effects of the association of these types of ET (combined exercise
training) in this condition remains unclear. Thus, the aim of this study was to invetigate the
effects of combined ET on hemodynamic, cardiovascular autonomic modulation, oxidative
stress and inflammation parameters in hypertensive-ovariectomized rats. Female Wistar and
SHR rats were divided into (n=8 per group): control (c), hypertensive (H), hypertensive
ovariectomized (HO) and hypertensive ovariectomized submitted to combined exercise
training (THO). Trained group was submitted to an exercise protocol on a treadmill and vertical
ladder (5d/w; 8wk; 40-60% of maximal capacity). Arterial pressure (AP) was directly measured
(Windag, 2 KHz), and cardiovascular autonomic modulation was assessed by spectral analysis.
The baroreflex sensitivity was measured by administration of vasoactive drugs. Oxidative
stress was evaluated by lipid peroxidation and by antioxidant capacity in cardiac and renal
tissues. Inflammatory markers were assessed in cardiac tissue. We observed an increase in
mean AP in H group (1653 mmHg) when compared to C group (113+1.5 mmHg); and an
additional increase in AP in HO group (176+4 mmHg) when compared to other groups.
However, THO group (155+3 mmHg) showed a reduction in AP associated with resting
bradycardia. We observed a normalization in THO group in the pulse interval of variance
(VAR-IP) and in baroreceptor induced-bradycardic responses. The HO group (50.78+4.61

mmHg?) presented an additional impairment in systolic AP variability when compared to C



and H groups (23.69+0.45 and 34.09+2.37 mmHg? respectively). However, the trained group
was able to mitigate this dysfunction (THO: 30.09+2.03 mmHg?). Additionally, it was
observed an attenuation on vascular sympathetic modulation in THO group (5.72+0.60
mmHg?) compared to HO group (7.69+0.46 mmHg?). Ovariectomy induced an additional
increase on oxidative stress assessed by TBARS in relation to others groups in cardiac and
renal tissues. However, the THO group showed reduction in this parameter in cardiac (THO:
3.84+0.43 vs. HO: 9.18+0.81 umol/mg protein) and renal tissues (THO: 2.68+0.21 vs. HO:
4.58+0.40 umol/mg protein). The THO group presented an increase in total non-enzymatic
antioxidant capacity (TRAP) when compared to others groups. There was a reduction of IL-10
in ovariectomized groups (HO and THO vs. C). Furthermore, there was an increase in TNF-a
in sedentary hypertensive groups (H and HO vs. C), which has not been observed in THO
group. In conclusion, combined exercise training was able to reduce AP associated with BrS
improvement, reduction in sympathetic vascular modulation, in oxidative stress and in
inflammation in hypertensive ovariectomized rats. These data suggests a positive role of
combined exercise training in the management of cardiovascular risk factors in the presence of

hypertension and ovarian hormones deprivation.
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1. CONTEXTUALIZAGAO

1.1. Doenga cardiovascular e Climatério: Papel da disfun¢io autondmica

A doenga cardiovascular (DCV) é o principal problema de satde publica (Gerczuk and
Kloner, 2012), tendo nimeros mundialmente alarmantes de mortalidade por ano (WHO, 2013).
Além disso, é a maior causa de morte entre americanos (AHA, 2012) e europeus (Nichols et
al., 2014). Sabe-se que a hipertensdo é um dos principais fatores de risco para o
desenvolvimento de DCV, estando presente em 69% dos casos de infarto do miocardio, 77%
dos casos de acidente vascular encefélico e 74 % dos casos de insuficiéncia cardiaca (Go et al.,
2013).

E importante ressaltar que tem sido observada uma diferenga na mortalidade por DCV entre
géneros. Segundo um recente estudo epidemiolégico, 51% das mortes sdo decorrentes de DCV
entre as mulheres ao passo que entre os homens este percentual é de 42% (Nichols et al., 2014).
Além disto, em média as mulheres sdo diagnosticadas com DCV 10 anos mais velhas do que
os homens (Linda et al., 2004). Todavia, ainda ndo estdo bem estabelecidos os mecanismos
pelos quais a mulher apresenta aumento na prevaléncia de doengas cardiacas durante o
climatério. Neste aspecto, sugere-se que 0 estrogénio promova cardioprotecdo previamente a
menopausa, reduzindo a incidéncia de DCV em relacéo ao sexo masculino (Miller, 1999; Doshi
etal., 2013).

O aumento do risco de eventos cardiovasculares apds o advento da menopausa esta
associado a disfun¢fes metabdlicas e endoteliais, que podem estar diretamente relacionadas a
disfuncdo autonémica (Arnal et al., 2007; Sinagra & Conti, 2007), principalmente com a
hiperatividade simpatica (Swedberg et al., 1990; Bertagnolli et al., 2008). De fato, alguns

estudos prévios demonstraram que mulheres acima de 60 anos apresentam maior atividade



simpatica muscular quando comparadas a homens da mesma idade (Narkiewicz et al., 2005;
Schlaich et al., 2010; Maranon et al., 2014). Nesse sentido, a avalia¢do da sensibilidade dos
pressorreceptores (barorreflexo) e a analise da variabilidade da frequéncia cardiaca (VFC) e da
pressdo arterial (VPA) sdo excelentes medidas para o entendimento da fungdo autonémica
(Goldstein et al., 2002; De Angelis et al., 2004).

A variabilidade natural dos parametros da FC e PA refletem a interacdo de diversos fatores
que, em sua maioria, envolvem o sistema nervoso autondmico (SNA) sobre o aparelho
cardiovascular (Joaquim et al., 2005). Além disto, a analise espectral destes sinais permite a
avaliagdo da sensibilidade espontdnea dos pressorreceptores. Os pressorreceptores sdo
mecanorreceptores responsaveis pelo controle da PA através da atividade simpética e
parassimpatica momento a momento em um curto espacgo de tempo (Irigoyen et al., 2003; De
Angelis et al., 2004). Atualmente, intervencdes no sentido de detectar, prevenir e/ou atenuar a
disfuncédo autondmica cardiovascular tém sido vista como importante estratégia no manejo das
doencas cardiovasculares (Task Force, 1996; La Rovere et al., 1998).

Estudos de nosso grupo evidenciam que ratas submetidas a privacdo dos hormonios
ovarianos apresentam aumento da PA associados a prejuizo no controle autondémico
cardiovascular (Flues et al., 2010). De forma semelhante, a redugdo da sensibilidade
barorreflexa foi observado ao longo da vida em mulheres (Laitinen et al., 1998), assim como
aumento do balango simpato-vagal cardiaco apds a faixa etéria da menopausa (Kuo et al.,
1999). Todavia, os mecanismos responsaveis por tais disfun¢des tanto em humanos como em

modelos animais, ndo estdao bem elucidados.



1.2. Mecanismos associados as disfungdes cardiovasculares no climatério

A hiperatividade simpética tem sido associada ao desenvolvimento de hipertensdo,
diabetes e doengas cardiacas isquémicas (Hellstrom, 2007; Souza et al., 2014). Além disso,
estudos sugerem que atividade simpatica elevada leva a um prejuizo na sensibilidade dos
pressorreceptores bem como a um prejuizo renal, ambos importantes reguladores de pressao
arterial (Neto et al., 2013).

Em contrapartida, estrogénio tem sido relacionado a fungdes cardioprotetoras (Dubey,
1994; Dubey et al., 1995; Boukhris et al., 2014).  Os mecanismos pelos quais 0 estrogénio
atenua o desenvolvimento de doengas cardiovasculares sdo multifatoriais. Estudos
desenvolvidos previamente demonstraram que o0 estrogénio e capaz de diminuir ténus vascular
simpatico, por meio de fatores de relaxamento derivado do endotélio (Mendelsohn et al., 1999),
liberagdo de Oxido nitrico (NO) (Kauser and Rubanyi, 1994), ou por meio de alteragdes no
sistema renina angiotensina (SRN) (Gallagher et al., 1999).

O termo estresse oxidativo (EO) descreve a condicao resultante do desequilibrio entre
a geracdo de espécies reativas de oxigénio (EROs) (ions/moléculas com elétrons ndo pareados
ou ligacOes instaveis) e suas enzimas antioxidantes (Nordmann, 1994; Campos et al., 2013).
Em mulheres pds-menopausadas a disfungdo autondmica (Bertagnolli et al., 2006), a elevagdo
de citocinas inflamatorias e de marcadores pro-oxidantes (Signorelli et al., 2006; McLean et
al., 2007) estdo relacionados com o aumento do EO. Neste sentido, Barp et al. (2012)
demostraram que a associacdo de hipertensdo e ooforectomia resultam em perfil de EO mais
acentuado. Em nosso grupo evidenciamos aumento do EO apds ooforectomia, caracterizado
por aumento da lipoperoxidagdo de membrana e reducdo das enzimas catalase (CAT) e

superoxido dismutase (SOD) em tecido cardiaco (Rolim et al., 2007). No entanto, parametros



de EO ainda ndo estdo totalmente elucidados, na associagdo de fatores de risco em modelos
experimentais, principalmente em ratas ooforectomizadas (OVX) hipertensas.

Neste sentido, vale destacar que um numero crescente de evidéncias sugere que a
producédo aumentada de EROs, como o anion superoxido e o radical hidroxila, participam
criticamente da patogénese das doencas coronarianas, hipertensdo, aterosclerose e sindrome
metabolica (Dantas et al., 2000; Bello-Klein et al., 2001). Dentre muitas evidéncias,
investigadores sugerem que 0 aumento excessivo de EROs pode ser considerado um dos
mecanismos envolvidos no desenvolvimento de DCV (Churchill et al., 2005; Yogalingam et
al., 2013).

E importante ressaltar que em trabalhos realizados em nosso grupo, que alteragdes em
pardmetros cardiovasculares e autondmicos correlacionaram-se com a redugdo do EO, aumento
das enzimas antioxidantes e melhora da sensibilidade dos pressorreceptores, em ratos machos
idosos, com insuficiéncia cardiaca ou hipertensdo, e também em ratas fémeas submetidas a
privacdo dos horménios ovarianos (De Angelis et al., 1997; Rabelo et al., 2001; Irigoyen et al.,
2005; Bertagnolli et al., 2006).

Além do aumento do EO, o aumento dos niveis de citocinas pré-inflamatérias (PICs)
tais como: proteina C reativa (PCR) (Kurtz et al., 2010), interleucina 6 (IL-6) e fator de necrose
tumoral (TNF alfa) (Ridker et al., 2000; Park et al., 2009) estdo associados a0 maior risco
cardiovascular e ao aumento da morbidade e mortalidade entre a popula¢do em geral (Ridker
et al., 2000; Pradhan et al., 2002). Interessantemente, em um estudo de cultura in vivo a
deficiéncia do hormonio sexual feminino (estrogénio) foi acompanhando subitamente pelo
aumento dos niveis de citocinas pré-inflamatérias IL-6 e TNF alfa (Pacifici et al., 1989).
Também demonstrou-se, que a deficiéncia de estrogénio promove uma resposta celular pela
regulagdo positiva de receptores de citocinas e cofatores envolvidos na a¢do de citocinas, assim

agravando a acdo do processo inflamatério (Lin et al., 1997). De forma semelhante, individuos



idosos ou com maior risco de insuficiéncia cardiaca cronica apresentaram niveis elevados de
PCR, TNF alfa e IL-6 (Strack et al., 2000) associados & reducdo da variabilidade da FC
(Bossenmaier et al., 2000).

A inflamag&o vem sido associada ao aumento de presséo arterial em diversos modelos,
sugerindo que a inflamacdo pode contribuir para o desenvolvimento de hipertensdo em
mulheres pds-menopausadas (Yanes & Reckelhoff, 2011). No entanto, poucos estudos
avaliaram a associacdo de marcadores de estresse oxidativo, inflamatérios e disfuncdes

cardiovasculares apés a privacdo dos hormdnios ovarianos

1.3. Treinamento fisico no climatério

Os efeitos benéficos do treinamento fisico (TF) tém sido demonstrados na literatura
como uma abordagem ndo farmacoldgica na prevencdo e tratamento da hipertensdo, na
resisténcia a insulina, no diabetes melitos, na dislipidemia, na obesidade e na sindrome
metabdlica (Ross et al., 1999; NCEP, 2001; Tuomilehto et al., 2001; Guimaraes & Ciolac,
2004; Pedersen & Saltin, 2006). Neste sentido, uma recente meta-analise demonstrou que o TF
aerdbio, resistido ou combinado estdo associados a reducdo nos valores de PA em pacientes
hipertensos. Interessantemente, a magnitude de reducéo destes valores foram similares entre as
3 modalidades (Cornelissen and Smart, 2013).

Vale ressaltar que a menopausa esta associada a prejuizos na capacidade aerobia, forca
muscular, ganho de peso, osteoporose, diabetes mellitus tipo 2 e doencas cardiovasculares
(Staessen et al., 1997; Sowers et al., 2005; Hoffman et al., 2012). Neste sentido, uma revisdo
sistematica que inclui estudos clinicos randomizados e controlados em mulheres na menopausa

mostrou os beneficios do exercicio fisico no peso corporal, na massa 6ssea, na forca e na



resisténcia muscular, na flexibilidade, no consumo de oxigénio, na PA e no controle metabélico
(Asikainen et al., 2004). Recentemente, evidenciamos em modelo experimental de privacéo
dos horménios ovarianos reducdo de VOmax. em comparag¢do com ratos machos e fémeas de
mesma idade (Conti et al., 2014).

Estudos evidenciam que mulheres na menopausa sdo mais sedentarias, desta forma a
adogdo de um estilo de vida ativo tem sido recomendado para essa populacdo (Mosca et al.,
2007). Ap6s TF aero6bico dinamico foi observado melhora na modulagéo autondmica (Jurca et
al., 2004), da sensibilidade dos pressoreceptores e da variabilidade da frequéncia cardiaca
(Davy et al., 1996), evidenciando os beneficios desta abordagem no manejo do risco
cardiovascular em mulheres menopausadas.

Modelos experimentais, em machos e fémeas SHR apresentam melhora cardiovascular,
autondmica e de funcao renal ap6s o TF aerébio em esteira (Silva et al., 1997; Coimbra et al.,
2008; Agarwal et al., 2012). Em nosso grupo, demonstramos que o TF aer6bio dindmico em
um modelo experimental de menopausa em ratas induziu reducgao do peso corporal, bradicardia
de repouso, normalizacdo dos valores de PA e melhora da sensibilidade dos pressorreceptores
(Irigoyen et al., 2005). Beneficios cardiovasculares e autonémicos foram também observados
por nosso grupo em ratas diabéticas OVX treinadas aerobiamente (Souza et al., 2007),
dislipidémicas OVX treinadas aerobiamente (Heeren et al., 2009). Além disso, animais
submetidos ao TF aerdbio apresentaram redugdo do estresse oxidativo e aumento das enzimas
antioxidantes, correlacionados com melhora dos pardmetros cardiovasculares e autonémicos
em machos SHR e em ratas OV X (Irigoyen et al., 2005; Bertagnolli et al., 2006).

Além disto, quando associamos a terapia hormonal com o TF aer6bio observamos
beneficios adicionais como redugdo da PA, melhora barorreflexa, diminuigdo acentuada da

atividade simpatica cardiaca em relagdo ao grupo OVX submetido apenas a reposicao



hormonal, sugerindo um papel positivo desta associacdo no manejo de fatores de risco
cardiovascular em mulheres menopausadas (Flues et al., 2010).

Recentemente, nosso grupo evidenciou em modelo experimental de ratas SHR OV X que
o TF aerobio promoveu redugdo da PA associado a melhora do barorreflexo, da VFC e da, VPA.
No entanto, a adi¢do do consumo de frutose nestas ratas SHR treinadas ndo induziu redugéo da
PA, porém houve redugdo da glicemia, dos triglicérides, da resisténcia a insulina e melhora da
modulagédo autondmica cardiovascular em relagdo ao grupo frutose sedentario (Sanches et al.,
2013).

Estudos também demonstram beneficios na agdo antiinflamatéria associada ao TF em
individuos saudaveis (Pedersen and Fisher, 2007; Flynn et al., 2007) e em idosos (Bruunsgaard
etal., 2003). Ja em pacientes com predisposicao a sindrome metabolica, foi observada que o TF
aerébio aumentou a adiponectina sérica (Ring-Dimitrou et al., 2006). Recentemente, nosso
grupo verificou em um estudo piloto, que ratas submetidas ao consumo crénico de frutose
apresentavam reducdo dos niveis plasmaticos de leptina e aumento dos niveis de adiponectina
pos-treinamento fisico aerébio de 8 semanas (Brito et al., 2010). Em conjunto, os resultados
sugerem que o TF aerdbio parece ser uma poderosa ferramenta que pode atenuar os fatores de
risco para DCV. Entretanto, associagdo do TF aerdbio ao resistido foi pouco estudada.

Acredita-se que em pacientes hipertensos a utilizagdo do treinamento resistido é um
importante complemento ao treinamento aerébio devido aos seus beneficios osteomusculares
(Cardoso et al., 2010). Além disto, uma meta-analise concluiu que o TF resistido tem um
importante papel no controle dos fatores de risco, como obesidade, hemoglobina glicada e
pressao arterial sistélica, devendo ser indicado no manejo do diabetes e da sindrome metabolica
(Strasser et al., 2010).

Atualmente, o Colégio Americano de Ciéncias do Esporte recomenda a realizacdo de

exercicios resistidos em complemento aos aerébios dinamicos para individuos com hipertensdo



arterial, doenca vascular periférica, DM tipo I, obesidade e outras condi¢cfes comorbidas
(ACSM, 2003). Nesse sentido, a literatura internacional tem adotado com frequéncia os termos
treinamento combinado ou concorrente para se referir aos programas que combinam TF
aerdbio dinamico com TF resistido num mesmo periodo de tempo (Mariorana et al., 2002;
Paulo et al., 2005).

No estudo com paciente diabético tipo Il, o efeito do exercicio combinado demostrou
melhora da sensibilidade a insulina, controle da pressédo arterial, sem efeito significativo no
controle glicémico (Wagner, 2006). O treinamento fisico aerébio pode melhorar 0 VO,max, as
variaveis antropomeétricas de mulheres com cancer e reduzir IMC e percentual de gordura. Ja
o0 treinamento fisico resistido pode melhorar a composicdo corporal e reduzir peso, ap6s 12
semanas de treinamento, melhorando, assim, a capacidade funcional (Rahnama et al., 2009).

No estudo de Maiorama et al. (2002), apds 8 semanas de TF combinado de moderada
intensidade, observou-se melhora da capacidade funcional com incremento de VO,méx e VO.
de pico, também foi observado aumento na forga; além de manutencdo dos niveis basais de
glicose e de hemoglobina glicada; sugerindo que um programa de treinamento composto por
exercicios aerdbios e resistidos é de grande valia para pacientes diabéticos tipo I, uma vez que
a combinagao dos efeitos de ambos os treinos sdo benéficos a melhora de composi¢éo corporal
e controle glicémico.

Um estudo transversal foi desenhado para analisar o efeito do TF combinado em
humanos de meia idade, praticantes de remo, para avaliar o impacto nos grandes vasos (Cook
et al., 2006). Verificou-se que o TF induzia efeitos favoraveis na elasticidade das artérias
centrais em comparacéo ao grupo controle; favorecendo a regulacdo de grandes variagdes de
PA, evitando assim a hipertensdo e melhorando a funcéo dos pressorreceptores (Cook et al.,

2006). Em um estudo randomizado com 92 pacientes mulheres em TF combinado pds-evento



cardiaco observa-se melhora da capacidade fisica, flexibilidade no desempenho das atividades
da vida diéria e em aspectos psicoldgicos como calma e concentragdo (Arthur et al., 2007).

Todavia, tais estudos, ndo evidenciaram as possiveis alteragdes cardiovasculares e
autondmicas, bem como os mecanismos envolvidos nos beneficios desta pratica,
especificamente, durante o climatério. Considerando que o sedentarismo pds-menopausa vem
se tornando um fator de risco importante para o desenvolvimento de hipertensdo e doencas
cardiovasculares, ha necessidade de intervengdes que promovam a mudanga do crescente
aumento da prevaléncia de DCV no sexo feminino, principalmente apés a menopausa. Neste
contexto, os exercicios fisicos regulares sdo adotados como alternativas terapéuticas e podem
contribuir para a diminuicéo de fatores de risco cardiovasculares como a disfuncdo autondmica,
0 estresse oxidativo e a inflamagdo. Neste sentido, o presente trabalho tem por objetivo testar
a hipétese que o treinamento fisico combinado induza beneficios cardiovasculares e
autondmicos, relacionadas a reducéo de parametros de estresse oxidativo e inflamatorio em
ratas ooforectomizadas espontaneamente hipertensas.

Neste sentido, considerando que o sedentarismo pds-menopausa é um fator de risco
eminente para o0 desenvolvimento de hipertensdo e DCV, sdo necessarias intervengdes que
promovam a mudanca no estilo de vida. Neste contexto, os exercicios fisicos regulares s&o
adotados como alternativas terapéuticas e podem contribuir para a diminui¢do de fatores de
risco cardiovasculares. Assim, os resultados do presente estudo poderdo colaborar na
compreensdo dos mecanismos responsaveis pelos beneficios fisioldgicos induzidos pelo
treinamento fisico aerd6bio associado ao resistido (combinado) na redugdo do risco
cardiovascular em mulheres no climatério, bem como na busca de abordagens mais precisas
para o tratamento das doengas cardiovasculares nas mulheres menopausadas, de tal forma que
estudos posteriores possam mostrar melhora da qualidade de vida e redugdo da

morbimortalidade nessa populagéo.
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2. OBJETIVOS

2.1. Objetivo Geral

O objetivo do presente estudo foi verificar os efeitos do treinamento fisico aerdbio
associado ao resistido (combinado) em parametros cardiovasculares e de controle autondmico
cardiovascular, e sua relacdo com as alteragbes em pardmetros de estresse oxidativo, de
metabolizacdo de 6xido nitrico e de inflamagdo em ratas SHR submetidas a privacéo de

hormonios ovarianos.

2.2. Objetivos Especificos
Os objetivos especificos do presente estudo foi avaliar os efeitos da associagdo do
treinamento fisico aer6bio ao resistido, em ratas SHR submetidas a priva¢do dos horménios
ovarianos, nas seguintes parametros:
e de capacidade fisica (teste maximo de corrida em esteira e teste de carga maxima em
escada);
¢ de funcéo cardiovascular (pressdo arterial, PA, e frequéncia cardiaca, FC);
e de regulacdo autondmica cardiovascular (variabilidade da FC e da PA e sensibilidade
dos pressorreceptores);
e de estresse oxidativo cardiaco e renal (lipoperoxidacdo por quimiluninescéncia,
proteinas carboniladas, catalase, superoxido dismutase, capacidade antioxidante total);

¢ e de inflamacéo cardiaco (TNF alfa, IL-6 e IL-10).
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3. MATERIAIS E METODOS

3.1. Amostra

Foram utilizadas 7 ratos Wistar fémeas, provenientes do Biotério da Universidade Nove
de Julho, e 21 ratos fémeas espontaneamente hipertensos (SHR), provenientes do Biotério do
Instituto de Cardiologia do Rio Grande do Sul com aproximadamente 10 semanas de vida (190-
220g). Este estudo foi aprovado pelo Comité de Etica em Pesquisa da Universidade Nove de
Julho (An0019/2013). Os animais foram mantidos em gaiolas, contendo no maximo 6 animais
em cada uma, em ambiente com temperatura controlada (220 - 240C) e com luz controlada em
ciclo de 12 horas (claro - escuro, invertido). Os animais foram divididos em 4 grupos

experimentais com 7 ratas em cada grupo:

Grupo I- Controle saudavel (C): foram acompanhadas por 8 semanas (foram avaliadas
nas fases ndo ovulatéria do ciclo estral).

Grupo Il - Hipertenso sedentario (H): foram acompanhadas por 8 semanas (foram
avaliadas nas fases ndo ovulatéria do ciclo estral).

Grupo Ill- Hipertenso ooforectomizado sedentario (HO): foram submetidas a
cirurgiade ooforectomia bilateral e acompanhadas por 8 semanas.

Grupo IV- Hipertenso ooforectomizado treinado combinado (THO): foram
submetidas a cirurgia de ooforectomia bilateral e a treinamento fisico em esteira ergométrica
rolante (Imbramed TK-01) e escada adaptada para ratos em dias alternados a partir da 12

semana de protocolo durante 8 semanas.
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3.2. PROCEDIMENTOS

3.2.1. Ooforectomia Bilateral- As ratas dos grupos ooforectomizados foram anestesiadas com
cloridrato de cetamina (50mg/Kg, Ketalar) e cloridrato de xilazina (12mg/Kg, Rompum) e
colocadas em decubito dorsal para que se realize uma laparatomia (pequena incisdo (1cm) em
paralelo com a linha do corpo na pele e na musculatura no terco inferior na regido abdominal).
Os ovarios foram localizados e foi realizada a ligadura dos ovidutos, incluindo os vasos
sanguineos. Os ovidutos foram seccionados e 0s ovarios removidos. A musculatura e a pele
foram suturadas e uma dose de antibi6tico foi administrada (Benzetacil, 40 000 U/Kg, i.m).
(Latour et al., 2001; Irigoyen et al., 2005; Flues et al., 2010). Apds uma semana de recuperagdo

os animais foram submetidos ao teste de esfor¢o em esteira e escada adaptada para ratos.

3.2.2. Teste de Esforco Maximo em Esteira- O teste de esforgo constitui em um protocolo
escalonado com incrementos de velocidade de 0,3 km/h a cada 3 minutos, até que seja atingida
a velocidade méaxima suportada pelos animais. O critério utilizado para a determinagdo da
exaustdo do animal e interrupgdo do teste é 0 momento em que o rato ndo for mais capaz de
correr mediante o incremento de velocidade da esteira (Brooks and White, 1978). Vale ressaltar
que recentemente demonstramos relagéo entre velocidade do atingida no teste de esforco e a

medida direta do consumo de oxigénio em ratos (Rodrigues et al., 2007).

3.2.3. Determinagdo da Carga Maxima em Escada- O
LA
teste de carga maxima foi realizado em uma escada

L)

adaptada para ratos com aproximadamente 54 degraus

verticais de 0,5 cm. Durante o periodo de adaptacéo, os
S A animais foram colocados nos degraus inferiores e

adaptados ao ato de escalar. Nenhuma recompensa ou alimento foi oferecido, tampouco foram
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utilizados incentivos como estimulagdo elétrica para que os animais executem o exercicio. O
Unico incentivo para a subida, se necessario, foi um toque da méo na base da cauda do animal.
No topo da escada, 0s animais encontraram uma gaiola (20 x 20 x 20 cm) onde descansaram
por 120 segundos. Este procedimento foi repetido até que os animais subissem a escada
voluntariamente 3 vezes consecutivas. Considerando a ergdmetro-dependéncia das
concentragdes de lactato sanguineo na MFEL, sendo em corrida na esteira 4,0 mmol/L
(Manchado et al., 2005) e na natagdo 5,5 mmol/L (Gobatto et al., 2001), a determinacdo da
concentracdo de lactato foi determinada durante o teste resistido em escada. Em nosso
laboratério, a figura ao lado ilustra a média da concentracdo de lactato em ratas
ooforectomizadas submetidas ao teste de carga maxima na escada (LA: limiar lactato). Para
determinacgdo da carga maxima, os animais deverdo realizar de no maximo 8 escaladas com
cargas progressivas. Na escalada inicial foi aplicado 75% do peso corporal do animal. Apds
completar o carregamento dessa carga com sucesso, um peso adicional de 15 gramas foi
adicionado ao aparato. Esse procedimento foi sucessivamente repetido até que a carga alcance
um peso que nao permita que o rato escale. Ao final de cada escalada, coletas sanguineas da
extremidade distal da cauda dos animais foram realizadas para posterior determinagdo da

lactacidemia.

3.2.4. Treinamento Fisico DinAmico Combinado- O treinamento fisico combinado também
teve duracdo de 8 semanas e foi constituido de sessdes alternadas de exercicio aerdbio (esteira
rolante) e resistido (escada). A opg&o por realizar as sessdes em dias alternados justifica-se pela
tentativa de equalizacdo do volume, e devido a estudos (Saleet al., 1990) alertarem que o
treinamento combinado realizado no mesmo dia pode causar prejuizo no desenvolvimento da
forca muscular. O treinamento fisico aerobio foi de intensidade moderada (50-60% da

velocidade maxima alcancada no teste de esforgo) e realizado em esteira ergométrica com
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velocidade e carga progressiva durante 8 semanas conforme descrito resumidamente no Quadro
1 (Irigoyen et al., 2005; Flues et al., 2010). O treinamento resistido em escada e 0 nimero de
escaladas (repeti¢des) foi aumentado progressivamente ao longo das 8 semanas, de acordo com
0 aumento do peso fixado a cauda do animal com fita adesiva. O mesmo consistira em sessdes
de 15 escaladas a 40% da carga maxima na 1% semana e 22 semana. Na 3% e 42 semana, 0
treinamento consistira em sessdes de 15 escaladas a 50% da carga maxima. Ao final da 42
semana se realizou um novo teste de esforgo e de carga maxima, o qual permitira os reajustes
nas cargas para as semanas subsequentes (5% a 8?%), sendo a intensidade destas semanas entre

50-60% da carga maxima (Quadro 2).

Quadro 1. Resumo da prescri¢cdo do treinamento fisico aerdbio dindmico em esteira (a

esquerda) e da prescricdo do treinamento fisico resistido dindmico na escada (a direita).

Semana Duragho Intemidade Semana [ Escaladas [ Intensidade
1 [ asmm | 5 [ 1 | 15 | 40"
2 [~ o0 mmn s ' 2 | 15 [ 0
] 60 064 [ 3 | 15 | SO%
. 80 1 P a | 15 %0
s Lol ¢ 5 15
. 60 mn 50 ¢ e | 15
’ | oma | ' 7 [ 15
r 60 1 [ [ 8 | 1% 60

3.2.5. ldentificagdo da Fase do Ciclo Estral- A caracterizacdo de cada fase do ciclo foi
baseada na proporcéo de trés tipos de células na secrecéo vaginal: epiteliais, corneificadas e
leucécitos segundo Marcondes e colaboradores (2002). A secrecdo vaginal foi coletada com
uma pipeta plastica com 10uL de solugdo salina introduzida superficialmente na vagina da rata

e foix’ colocada em uma Iamina de vidro para a observagdo em um microscopio 6tico. Tal
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procedimento foi realizado nos grupos ndo ooforectomizados no dia das avaliagdes
hemodinamicas e do sacrificio dos animais a fim de garantir que tais procedimentos foram

realizados nas fases ndo ovulatdrias do ciclo estral das ratas.

3.2.6. Canulacéo- Apods o treinamento, as ratas foram anestesiadas (i.p.) com cloridrato de
cetamina (50mg/Kg, Ketalar, Parke-Davis) e cloridrato de xilazina (12mg/Kg, Rompum, Bayer)
e colocadas em decubito dorsal para que fosse realizada uma pequena incisdo na regido do
pescogo para implantacdo de uma canula na artéria carétida em dire¢éo ao ventriculo esquerdo,
para registro direto da PA e na veia jugular para administracdo das drogas. Ap6s a correta e
firme implantagdo das canulas na artéria cardtida e veia jugular, as extremidades mais calibrosas
das canulas foram passadas subcutaneamente, exteriorizadas no dorso da regido cervical e
fixadas com fio de algoddo na pele. As canulas foram confeccionadas com tubos de Policloreto
de Vinila (Abbott) equivalente ao polietileno PE10 e PE50. Estes foram soldados por
aquecimento e logo apds, as canulas foram preenchidas com solucéo fisiolégica e mantidas

ocluidas com pinos de aco inoxidavel (De Angelis et al., 1999; De Angelis et al., 2000).

3.2.7. Registro de Pressdo Arterial- No dia seguinte a canulagdo, com o animal acordado, a
cénula arterial foi conectada a uma extenséo de 20 cm (PE-50), permitindo livre movimentagdo
do animal pela caixa, durante todo o periodo do experimento. Esta extensdo foi conectada a um
transdutor eletromagnético (Blood Pressure XDCR, Kent®Scientific, Litchfield, CT, EUA) que,
por sua vez, esteve conectado a um pré-amplificador (Stemtech BPMT-2, Quintron
Instrument®Inc, Milwaukee, EUA). Sinais de PA foram gravados durante um periodo de 30
minutos em um microcomputador equipado com um sistema de aquisi¢do de dados (CODAS,
1Kz, Dataq Instruments, Akron, OH, EUA), permitindo analise dos pulsos de pressdo,

batimento-a-batimento, com uma frequéncia de amostragem de 2000 Hz por canal, para estudo
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dos valores de PAS, PA diastélica (PAD), PA média (PAM) e FC. Os valores de FC foram
derivados do sinal pulsatil da PA (De Angelis et al., 1997; De Angelis et al., 1999; De Angelis

et al., 2000; Irigoyen et al., 2005; Souza et al., 2007).

3.2.8. Avaliacao da Sensibilidade dos Pressorreceptores- Apds o registro daPA e da FC, uma
extensdo de aproximadamente 20 cm (PE10) foi conectada na cénula venosa para posterior
injecdo de drogas vasoativas. Ap6s 0s animais terem permanecido em condigdes de repouso por
15 minutos, a sensibilidade dos pressorreceptores foi testada através da infusdo de fenilefrina
(0,25 para 32 g/kg) e de nitroprussiato de sédio (0,05 para 1,6g/kg). Fenilefrina e nitroprussiato
foram infundidos randomicamente entre os animais, iniciando-se a sessdo com um ou outro
farmaco.

Para andlise da sensibilidade dos pressorreceptores, 0 pico maximo ou minimo da PAM
foi comparado aos valores de PAM do periodo controle. Da mesma forma, a variagdo maxima
da FC foi comparada com os valores de FC do periodo controle, imediatamente antes da inje¢do
das drogas, para posterior quantificagéo das respostas. A sensibilidade barorreflexa foi avaliada
pelo indice calculado através divisdo da variagdo da FC pela variagcdo da PAM (De Angelis et

al., 1997; De Angelis et al., 1999; Irigoyen et al., 2005).

3.2.9. Avaliag¢do da Modulagao Autondmica Cardiovascular- A variabilidade da FC e da
PAS foi avaliada no dominio do tempo (variancia) e no dominio da frequéncia usando a
transformada rapida de Fourier. Neste método, séries temporais do intervalo de pulso e da PAS
foram divididas em segmentos de 350 batimentos com sobreposi¢do de 50%. Um espectro foi
obtido para cada um dos segmentos via o recurso de Levinson-Durbin, com a ordem modelo
escolhido de acordo com critério do Akaike, variando entre 10 e 14. Os componentes

oscilatdrios dos espectros foram quantificados em 2 faixas de frequéncia: baixa frequéncia (BF;
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0,20-0,75 Hz) e alta frequéncia (AF; 0,75-4,0 Hz). A poténcia do espectro foi calculada para
cada componente reconhecivel nas faixas de LF e HF integrando-se os espectros dos
componentes. A poténcia foi expressa como a intensidade de LF e HF. Os segmentos que
apresentarem oscilagdes muito lentas (<0,1 Hz), que contribuem para mais de 70% da
variabilidade total, foram considerados néo estacionarios e foram descartados do estudo. A
sensibilidade barorreflexa espontanea foi obtida pelo indice o, metodologia que analisa a
correlagdo temporal e linear entre o intervalo RR e a variabilidade da PAS (Mostarda et al.,

2009; Heeren et al., 2010).

3.2.10. Eutanasia dos Animais- No dia seguinte ao término das avaliagdes cardiovasculares,
0s animais de todos os grupos foram sacrificados por decapitacéo e os todos os tecidos foram

retirados e congelados para avaliagdes bioquimicas.

3.2.11. Estresse oxidativo e enzimas antioxidantes

3.2.11.1. Preparacdo dos Tecidos- Apoés as avaliagdes citadas acima de acordo, 0s animais
foram pesados e mortos por meio de decapitacdo. O tecido cardiaco e rim foram coletados e
homogeneizados durante 30 segundos em um homogeneizador Ultra-Turrax, com KCI 1,15% e
fluoreto de fenil metil sulfonila (PMSF), na concentragdo de 100mmol/L em isopropanol e na
quantidade de 10upL/mL de KCI adicionado. Em seguida, 0os homogeneizados foram
centrifugados por 10 minutos a 3000rpm, em centrifuga refrigerada entre 0 e 4°C, e 0

sobrenadante ja congelado em freezer a -70°C para as dosagens (Llesuy et al., 1985).
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3.2.11.2. Dosagem de Proteinas- As proteinas foram quantificadas pelo método descrito por
Lowry e colaboradores, que utiliza como padrdo uma solugdo de albumina bovina na

concentracéo de Img/mL (Lowry et al., 1951).

3.2.11.3. Substancias Reativas ao Acido Tiobarbitdrico (TBARS) - Para que ocorra a reagio,
adicionou-se, a 0,25mL de homogeneizado, 0,75mL de &cido tricloroacético (TCA) a
10%(P/V), que tem a fungdo de desnaturar as proteinas presentes e acidificar o meio de reagéo.
Essa mistura foi entdo agitada e centrifugada durante 3 minutos a 1000g. Foi retirado 0,5mL
do sobrenadante e a este foi adicionado 0,5mL de &cido tiobarbiturico (TBA) 0,67% (P/V), que
reagiu com os produtos da lipoperoxidacdo formando um composto de coloragdo rosada. A
mistura foi incubada por 15 minutos a 100°C e em seguida foi resfriada no gelo. Em seguida,
foi realizada a leitura da absorbancia a 535nm em espectrofotdmetro (Biospectro) (Buege and

Aust, 1978).

3.2.11.4. Dosagem de Proteinas Carboniladas (Dano a proteinas) - O ensaio para detec¢do
das carbonilas é uma das técnicas utilizadas para a determinagdo de proteinas modificadas
oxidativamente (Reznick and Packer, 1994). A técnica se baseia na reagdo das proteinas
oxidadas do plasma sangiiineo com 2,4 dinitrofenil hidrazina (DNPH) em meio acido, seguido
de sucessivas lavagens com cidos e solventes organicos e incubagéo final com guanidina. Desta
forma, a absorbancia das carbonilas foi medida em um espectrofotémetro a 360nm, num meio
de reagdo contendo os seguintes reagentes: guanidina (6M) em &cido cloridrico (HCI) (2,5M)
pH= 2,5; 2,4 DNPH em HCI (2,5M); &cido tricloroacético (TCA) 20%; TCA 10%; etanol -
acetato de etila 1:1 (V/V). Paralelamente foi realizada a curva padrdo de proteina, com

albumina, com a absorbancia lida em 280nm no espectrofotémetro.
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3.2.11.5. Catalase (CAT) - A taxa de decomposicdo do perdxido de hidrogénio é diretamente
proporcional a atividade da CAT. Desta forma, o consumo de H>O- pode ser utilizado como
uma medida de atividade da enzima CAT. O ensaio consiste em medir a diminui¢do da
absorbancia a 240nm, comprimento de onda onde h& a maior absor¢do pelo perdxido de
hidrogénio, utilizando-se cubetas de quartzo. Para a realizacdo das medidas foi usada uma
solugdo tampéo constituida de fosfatos a 50 mmol/L em pH 7,4. Foram adicionados 9uL deste
tampdo e 10uL de amostra de tecido na cubeta do espectrofotdmetro, sendo esta mistura
descontada contra um branco de tampéao fosfato. A seguir foram adicionados 35uL de peréxido
de hidrogénio (0,3 mol/L) e foi monitorada a diminui¢do da absorbancia no espectrofotometro

(Boveris and Chance, 1973).

3.2.11.6. Superdxido Dismutase (SOD)- A técnica utilizada est4 baseada na inibi¢do da reacdo
do radical superéxido com o piragalol. Uma vez que ndo se consegue determinar a concentragdo
da enzima nem sua atividade em termos de substrato consumido por unidade de tempo, se utiliza
a quantificacdo em unidades relativas. Uma unidade de SOD é definida como a quantidade de
enzima que inibe em 50% a velocidade de oxidagdo do detector. A oxidag&o do pirogalol leva
a formacdo de um produto colorido, detectado espectrofotometricamente a 420 nm durante 2
minutos. A atividade da SOD foi determinada medindo-se a velocidade de formacdo do
pirogalol oxidado. No meio de reacdo, foram utilizados 20 puL de homogeneizado, 973 uL de
tampdo Tris-Fosfato a 50 mmol/L (pH 8,2), 8 uL de pirogalol a 24 mmol/L, 4 uL de CAT a 30
pmol/L. Esta curva obtida foi utilizada como branco. Foi também feita uma curva padréo
utilizando trés concentracdes distintas de SOD (0,25U, 0,5U e 1U), através da qual foi obtida a

equacdo da reta para realizagdo dos célculos (Marklund, 1985).
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3.2.11.7. Capacidade Antioxidante Total (TRAP)- Esta técnica é baseada na decomposicédo
do 2,2° Azo-bis (2-amidino-propano ABAP) diidrocloreto que gera radicais livres. Os radicais
formados pela decomposic¢do do Azo véo, por sua vez, reagir com o luminol acrescentado ao
meio de reacdo, gerando outro radical livre mais energético e com maior emissao de luz, que é
detectado por contador beta (TriCrab 2800TR, PerkinElmer) com o circuito de coincidéncia
desconectado e utilizando o canal de tritio em sala escura. Porém, se no meio de reacéo existir
a presenca de uma substancia antioxidante, esta ira neutralizar os radicais livres e, assim,
diminuir a emissdo de luz. Quando toda a substancia antioxidante tiver reagido, ou seja, quanto
todo antioxidante tiver sido consumido, o luminol volta a reagir com o ABAP radical
aumentando novamente a emissdo de luz detectada pelo contador. A primeira leitura é realizada
com Azo (2,0 ml) e luminol (10 pL) nesta, verificamos a formagdo de radicais livres,
posteriormente realizamos uma curva padrdo utilizando o Trolox (5uL e 10uL) como
antioxidante e, medimos a capacidade antioxidante de nossas amostras observando-se o tempo

que aamostra inibe a formacéo dos radicais do luminol (Lissi et al., 1995).

3.2.12. Marcadores Inflamatorios- As dosagens de interleucinas e TNF alfa em plasma foram
realizadas em microplacas (96 pogos) sensibilizadas com o anticorpo para a proteina de
interesse, aderido esta a parede dos pogos da placa por um substrato imunoadsorvente. Foi feito
o0 bloqueio prévio de ligagdes inespecificas e posterior incubacdo das amostras experimentais,
contendo a proteina (antigeno) a ser dosada. Foi feita a incubag&o com anticorpo ligado a enzima
marcada com peroxidase, e posterior reagcdo com cromégeno. Na mesma placa, foi feita a curva-
padrdo, que foi usada para o célculo da quantidade de proteina por pogo. A absorbancia foi
medida em aparelho leitor de ELISA. Foram usados Kits especificos para ratos: TNF alfa, IL-6
e IL-10 (RayBiotech). O ensaio para dosagem utilizou as concentra¢cbes na curva-padréo

especificas para cada substancia. Ressalta-se que todas as medidas de tubos brancos da reacéo,
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curva-padrdo, controles de qualidade do kit e amostras experimentais foram dosados em

duplicata.

3.2.13. ANALISE ESTATISTICA

Os resultados s@o apresentados como média + erro padrdo. A normalidade dos dados foi
testada pelo teste de Levene. O teste de andlise de variancia de um caminho (ANOVA) foi
devidamente aplicado para analise dos dados, seguido do post hoc de Student Newman Keuls.

Valores de p<0,05 foram considerados significantes.
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4. RESULTADOS

4.1. Artigo submetido para revista Hypertension — Qualis Al

IMPACT OF COMBINED EXERCISE TRAINING IN AN EXPERIMENTAL MODEL
OF HYPERTENSION ASSOCIATED WITH MENOPAUSE.

Impacto do treinamento fisico combinado em modelo experimental de hipertensdo associado a

menopausa.

O objetivo do presente estudo foi verificar os efeitos do treinamento fisico combinado em
parametros hemodinamicos, de controle autonémico cardiovascular, de estresse oxidativo e

inflamacéo em ratas hipertensos ooforectomizadas.
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ABSTRACT
In this study we tested the hypothesis that the cardiovascular autonomic dysfunction plays an
important role on the management of inflammation and oxidative stress, and that these
dysfunctions may in turn be modulated by combined exercise training in an experimental
model of hypertension and menopause. Female rats were divided into (n=7/group): control
(C) and hypertensive (H), hypertensive ovariectomized (HO) and hypertensive
ovariectomized undergoing combined (aerobic+resistance) training (THO). We observed an
additional increase in HO group (17624 mmHg) in relation to H group (1653 mmHg).
However, the THO group (155+3 mmHg) showed a reduction of arterial pressure associated
with resting bradycardia. The HO group (50.78+4.61 mmHg?) presented an additional
impairment in systolic arterial pressure variability when compared to C and H groups
(23.69+0.45 and 34.09+2.37 mmHg?); this dysfunction was not observed in THO group
(30.09+£2.03 mmHg?). Additionally, an attenuation on vascular sympathetic modulation and
an improvement in baroreflex sensitivity were found in the THO when compared to HO
group. There was an increase in TNF-a in sedentary hypertensive groups (H and HO vs. C),
which was not observed in THO group. Ovariectomy induced an additional increase in cardiac
and renal oxidative stress, which were reduced in THO group. The THO group presented an
increase in total antioxidant capacity when compared to the other groups. In conclusion,
combined exercise training was able to reduce AP associated with improvement on
cardiovascular autonomic control, probably reducing cardiac and renal inflammation and

oxidative stress, in an experimental model of hypertension and menopause.
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INTRODUCTION

It is known that hypertension is the one of the main risk factors for development of
cardiovascular disease. * In this sense, statistical surveys have shown that after 50 years of
age, the prevalence of hypertension is higher in women than in men, regardless of ethnicity. 2
The mechanisms underlying this increase in blood pressure (BP) in postmenopausal women
remain unclear. 3 However, some evidence seems to indicate that increase in sympathetic
activity may be linked to the increase on blood pressure and renal damage. 4%

Both chronic inflammation and oxidative stress seem to contribute to the genesis of
hypertension.” 8 Studies have demonstrated that the adaptive immune response releases
cytokines (such as TNF-o), which in turn trigger increased levels of oxidative stress. ®1° In
addition, previous research has shown that oxidative stress may further lead to local
inflammation by increasing endothelial permeability, thus allowing infiltration of pro-
inflammatory cytokines. 112 In addition, several studies have demonstrated the key role
oxidative stress plays in the pathophysiology of a large number of diseases.'®!* These
findings suggest that sympathetic nervous system is able to act as a key trigger of both
inflammation and oxidative stress in the development of hypertension.

Exercise training is an important non-pharmacological tool for the prevention and/or
treatment of hypertension.'>16 Some studies have shown the beneficial effects that follow
aerobic exercise training, such as decreased blood pressure, oxidative stress,'”® and pro-
inflammatory profile in autonomic brain areas, 20 together with reduced sympathetic
activity. 1° Considering that resistance exercise has shown positive effects on several
menopause-related diseases, 2> 2 it is has been prescribed as a complementary tool to aerobic
exercise training. In this sense, the several guidelines suggest that the combination of these

two approaches (aerobic plus resistance training) can maximize not only musculoskeletal
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benefits, but also cardiovascular risk in this population. 2 However, few studies have dealt
with the cardiovascular effects of combined exercise training in hypertensive post-
menopausal women.

Therefore, we hypothesized that cardiovascular autonomic dysfunction plays an
important role on the management of inflammation and oxidative stress, and that these
dysfunctions can be modulated by combined exercise training. To address this issue, the
purpose of the present study was to investigate the effects of combined exercise training on
hemodynamic, cardiovascular autonomic dysfunction, inflammation and oxidative stress in

hypertensive ovariectomized rats.

METHODS

Animals and groups. Seven normotensive Wistar rats (WKY) and twenty one female
spontaneously hypertensive rats (SHR) (3 months) were obtained from the Animals Facilities.
The animals were freely fed with standard laboratory chow and water and were housed in
temperature-controlled rooms (22° C) with a 12: 12-h dark-light cycle. The rats were
assigned into 4 groups (n=7 each): sedentary control (C), sedentary hypertensive (H),
sedentary hypertensive ovariectomized (HO), and combined trained hypertensive
ovariectomized (THO). All surgical procedures and protocols were approved by the Ethics
Committee of Universidade Nove de Julho (An0019/2013) and were conducted in accordance
with the National Institutes of Health Guide for the Care and Use of Laboratory Animals.

Combined exercise training. Combined exercise training was performed on a motor
treadmill (aerobic training) and in a ladder adapted to rats (resistance training), in alternate

days, 5 days/week, for 8 weeks. For accuracy of prescription, maximal (running or load) tests
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were performed at the beginning of the experiment and in the 4th and 8th weeks of the
training protocol.

Aerobic exercise training. All animals were adapted to walk and run in motorized

treadmill (10 min/day; 0.3 km/h) for 5 consecutive days before the maximal running test. The
aerobic exercise test was performed in sedentary and trained rats as described in detail in a
previous study. 2* Aerobic exercise training was performed on a treadmill (Imbramed TK-01,
Brazil) at low-to-moderate intensity (~50-60% maximal running speed) for 1 h a day, 5 days
a week for 8 weeks. In order to provide a similar environment and manipulation, sedentary
animals were placed on the stationary treadmill three times a week.

Resistance exercise training. Based on our previous experience with aerobic exercise

training on treadmill, the animals were gradually adapted to the act of climbing for 5
consecutive days before the maximal load test. This is a voluntary exercise protocol, with no
aversive (electrical) stimuli to maintain performance, no restraint and no use of food or water
as motivators. The dynamic resistance exercise test consisted of an initial load of 75% of the
body weight. After a 2-min resting period, a progressively increased with 15% of body
weight was applied in the subsequent climbs, as previously described in details elsewhere. 2
The protocol of resistance exercise training was performed using the normalized value of
maximal load for each rat, and was adjusted weekly, according to body weight of the animal.
The resistance exercise training protocol was performed during 8 weeks, for 5 days a week
and at moderate intensity (1st-2nd wk.: 30-40 %; 3th-5th wk.: 40-50 %; 6th-8th wk.: 40-60 %
of the maximal load) with 15 climbs per session and a 1-min time interval between climbs, as
previously described in details elsewhere. 25 Importantly, to maintain the standard of 6 climbs
for maximal load, load increment was adjusted to the maximal load test performed on the 4th

and 8th weeks of the protocol, with +25% and +40% of the body weight increments between
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climbs, respectively. The purpose was to determine both physical capacity and exercise
training intensity. 2

Cardiovascular measurements. On the day following the last exercise session, rats
were anaesthetized with an intraperitoneal injection of ketamine (90 mg/kg) and xylazine (20
mg/kg) to implant 2 polyethylene-tipped Tygon cannulas filled with heparinized saline into
the right carotid artery and jugular vein for direct measurements of arterial pressure (AP) and
drug administration, respectively. Cannulated rats were treated with antibiotic and analgesic
and allowed to recover for 1 day. All efforts were made to avoid suffering. Throughout the
experiment, rats received food and water ad libitum; they remained conscious in their cages
and were allowed to move freely during hemodynamic measurements. To avoid detraining,
hemodynamic measurements were made in conscious, freely moving rats in their home cage
24 h after surgery. 2728 The arterial cannula was connected to a transducer (Blood Pressure
XDCR, Kent® Scientific, USA), and AP signals were recorded for a 30-min period using a
microcomputer equipped with an analog-to-digital converter (CODAS, 2Kz, DATAQ
Instruments, USA). The recorded data were analyzed on a beat-to-beat basis to quantify
changes in systolic (SAP), diastolic (DAP) and mean AP (MAP) and heart rate (HR).

Cardiovascular autonomic measurements. After basal AP measurements, baroreflex
sensitivity was evaluated using increasing doses of phenylephrine (0.5 to 2.0 pg/mL) and
sodium nitroprusside (5 to 20 pg/mL), given as sequential bolus injections (0.1 mL) to
produce AP rise and fall responses ranging from 5 to 40 mmHg each. A 3- to 5-min interval
between doses was necessary for AP to return to baseline. Peak increases or decreases in
mean AP after phenylephrine or sodium nitroprusside injection and the corresponding peak
reflex changes in HR were recorded for each drug dose. %%

Standard deviation from the mean of three time series of 5 min for each animal was

used to obtain the pulse interval (P1) and SAP variabilities in time-domain. For frequency
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domain analysis, the same time series of Pl and SAP were cubic spline interpolated (250 Hz)
and cubic spline decimated to be equally spaced in time after linear trend removal; power
spectral density was obtained through the Fast Fourier Transformation. Spectral power for
low-frequency (LF; 0.20-0.75 Hz) and high-frequency (HF; 0.75-4.0 Hz) bands were
calculated by power spectrum density integration within each frequency bandwidth, using a
customized routine (MATLAB 6.0, Mathworks). The coherence between the Pl and SAP
signal variability was assessed through cross-spectral analysis. 27

Tissue preparation. After cardiovascular measurements, the animals were killed by
decapitation, the heart (ventricles) and kidney (right) were immediately removed, rinsed in
saline, and trimmed to remove fat tissue and visible connective tissue.

Inflammatory markers._IL 6, IL-10 and TNF-a levels were determined using a
commercially available ELISA kit (R&D Systems Inc.), in accordance with the
manufacturer's instructions. ELISA was performed in 96 well polystyrene microplates with a
specific monoclonal antibody coating. Absorbance was measured at 540 nm in a microplate
reader.

Oxidative stress evaluations. Tissues were then cut into small pieces, placed in ice-
cold buffer, and homogenized in an ultra-Turrax blender with 1g of tissue per 5mL of
120mmol/L KCI and 30nmol/L phosphate buffer, pH 7.4. Homogenates were centrifuged at
600g for 10 minutes at 4°C. Protein was determined by the method of Lowry et al. (1951)3°
using bovine serum albumin as the standard.

Thiobarbituric acid reactive substances (TBARS)

For the TBARS assay, trichloroacetic acid (10%, w/v) was added to the homogenate
to precipitate proteins and to acidify the samples. This mixture was then centrifuged (10006
g, 3 min), the protein-free sample was extracted, and thiobarbituric acid (0.67%, w/v) was

added to the reaction medium. The tubes were placed in a water bath (100°C) for 15 min. The
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absorbencies were measured at 535 nm using a spectrophotometer. Commercially available
malondialdehyde (MDA) was used as a standard, and the results are expressed as nanomoles
per milligram of protein. 3!

Protein carbonylation

This method uses the a reaction of protein carbonyl groups with 2,4-
dinitrofenylhydrazyne (DNPH) to form a 2,4-dinitrophenylhydrazone , which can be
measured spectrophotometrically at 360nm as previously described. 3

Total radical- trapping antioxidant potential

TRAP, wich indicates the total antioxidant capacity present in a homogenate was
measured by chemiluminescence using 2,2 -azo-bis(2-amidinopropane) (ABAP, a source of
alkyl peroxyl free radicals) and luminal. A mixture consisting of 20 mmol.L-1luminol, and 50
mmol.l -1phosphate buffer (pH= 7.4) was incubated to achieve a steady-state luminescence
from the free radical-mediated luminal oxidation. A calibration curve was obtained by using
different concentrations (between 0.2 and 1 umol.L-1) of Trolox (hydrosoluble vitamim E). 33
Luminescence was measured in a liquid scintillation counter using the out-of-coincidence
mode and the results were expressed in milimoles per litre of Trolox.

Antioxidant enzyme

Superoxide dismutase activity was measured spectrophotometrically by the rate
inhibition of pyrogallol auto-oxidation at 420 nm. 34 Enzyme activity was reported as U/mg
protein. CAT concentration was measured by monitoring the decrease in H202 concentration
at 240 nm, and the results are reported as pmol of H.0O./mg protein. 3°

Statistical Analysis. Data are presented as mean £SEM. Levene's test was used to assess
variance homogeneity. Comparisons between the 4 groups were performed with one-way
ANOVA, followed by Student Newmann Keuls post hoc test. The significance level was

established at p < 0.05.
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RESULTS

Body weight

At the beginning of the protocol, the C group presented higher body weight than
hypertensive groups (C: 21645 vs. H: 188+2; HO: 191+2 and THO: 191+2 g, p<0.05);
however, no difference in body weight was found between hypertensive groups. All groups
showed a significant increase in body weight at the end of the protocol (C: 280+5; H: 197+2;
HO: 26443 and THO: 25543 g, p<0.05). However, THO animals (255+3 g) showed reduced
body weight when compared to HO group at the end of the protocol (26413 g, p<0.05).
Maximal exercise capacity

At the beginning of the experiment, the maximal running test on the treadmill (H:
2.440.6; HO: 2.5+0.6 and THO: 2.4+0.4 km/h, p>0.05) and maximal load test in the ladder
(H: 315+19; HO: 320+13 and THO: 32947.3 g, p>0.05) were similar among the hypertensive
groups. However, the all hypertensive groups showed a higher maximal speed of running and
a higher maximal load test when compared to C animals (1.8+£0.7 km/h, p<0.05 and 12846 g,
p<0.05, respectively).

After 8 weeks of combined exercise training, the THO group demonstrated an
increase in maximal speed of running when compared to the other groups (THO: 3.4+0.5 vs.
C: 1.8+1.5; H: 2.4+0.6 and HO: 2.3+0.6 km/h, p<0.05). The same was observed in the
maximal load in the ladder (THO: 500+10.3 vs. C: 204+11; H: 360+20 and HO: 335+24 g,

p<0.05).

Cardiovascular measurements
Hemodynamic data are shown in Table 1. SHR had well-established showed higher

MAP than WKY. Ovariectomy induced an additional MAP increase in hypertensive rats (HO
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vs. H group). Combined exercise training also induced MAP reduction when compared to
both H and HO groups. Combined exercise training was also able to induce resting

bradycardia in THO group (Table 1).

Cardiovascular autonomic evaluations

The H and HO groups presented reduced tachycardic (H: 1.9+0.17 and HO: 1.4+0.17
vs. C: 4.4+0.34 bpm/mmHg, p<0.05) and bradycardic responses (H: -1.1+0.08 and HO: -
1.0£0.09 vs. C: -1.5+0.08 bpm/mmHg, p<0.05) when compared to C group. However, after
combined exercise training, the THO group showed increased tachycardic responses (THO:
2.4+0.1 bpm/mmHg, p<0.05) when compared to HO group (Figure 1A). In a similar way,
THO group showed increased bradycardic responses (HT: -1.3+0.09 bpm/mmHg, p<0.05)
when compared to both H and HO groups (Figure 1A).

The hypertensive groups (H and HO) showed a decrease in VAR-PI and RMSSD
when compared to C group, as shown in Table 2. However, after combined exercise protocol,
the THO group showed an increase in VAR-PI when compared to sedentary hypertensive
groups (THO vs. HO and H groups) (Table 2). No significant differences between groups
were observed on LF and HF band of PI. The THO group presented a decrease in LF/HF ratio
when compared to the other groups (Table 2).

Ovariectomy induced an additional increase in VAR-SAP and LF band of SAP in HO
group when compared to C and H groups (Table 2). However, combined exercise training

was able to reduce these additional increments in both variables (Table 2).

Cardiac inflammatory evaluation
Tumor necrosis factor-a (TNF-a) was higher in sedentary hypertensive groups (H and

HO) when compared to C group; however, this was not observed in THO group. Interleukin-
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10 (IL-10) was significantly lower in both HO and THO groups when compared to C group

(Table 3).

Cardiac Oxidative stress evaluations

Cardiac thiobarbituric acid reactive substances (TBARS) were increased in H group in
relation to C group (H: 5.37+1.11 vs. C: 1.72+0.27 pmol/mg protein, p<0.05). Ovariectomy
led to an additional increase in cardiac TBARS values (HO: 9.18+0.81 umol/mg protein,
p<0.05) in relation to the other studied groups. However, the combined exercise training was
able to reduce these values (THO: 3.84+0.43 pmol/mg protein, p<0.05) when compared to
the HO group (Figure 2A).

Carbonyl values in cardiac tissue were significantly higher in HO group when
compared with C and H groups. However, the THO group cardiac carbonyls were
significantly lower than in the HO group (Table 4).

Total radical- trapping antioxidant potential (TRAP) in cardiac tissue was increased in
HO group when compared to both C and H groups (HO: 16.88+2.56 vs. C: 7.37+1.19 and H:
6.22+0.47 pM Trolox, p<0.05). However, in the THO group (THO: 29.79+1.22 uM Trolox,
p<0.05). TRAP values in cardiac tissue were significantly higher when compared to the other
groups (Figure 2B).

Cardiac SOD activity was significantly lower in the H, HO and THO groups when
compared to C group. Myocardial CAT activity was decreased in H group in relation to C
group. However, CAT activity was significantly higher in the HO and THO groups when

compared to C group (Table 4).
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Renal Oxidative stress evaluations

Renal TBARS values were significantly higher in the H group when compared to C
group (H: 2.60+0.31 vs. C: 1.69+0.09 pumol/mg protein, p<0.05). Ovariectomy induced an
additional increase in renal TBARS (HO: 4.58+0.40 pmol/mg protein, p<0.05) when compared
to the other studied groups. However, the combined exercise training (THO: 2.68+0.21
pmol/mg protein, p<0.05) was able to reduce these values in ovariectomized hypertensive rats
(vs. HO group) (Figure 2C, Table 4).

Carbonyl values in renal tissue were significantly higher in H group when compared to
C group. Ovariectomy (HO group) induced an additional increase in renal carbonyl values.
However, carbonyl values in renal tissue were significantly lower in the THO group when
compared to the other groups.

Renal TRAP values were significantly higher in the THO group when compared to the
other studied groups (THO: 140.748.62 vs. C: 81.60+5.78; H: 92.94+7.55 and HO: 80.03+9.87
MM Trolox, p<0.05) (Figure 2D).

Renal SOD activity was significantly higher in both H and HO groups when compared
to C group. However, the THO group showed a significant increase in renal SOD when
compared to the other groups. Renal CAT activity was significantly higher in THO group when

compared to the other studied groups (Table 4).

DISCUSSION

Given the increased prevalence of hypertension in post-menopausal women, and the

fact that autonomic dysfunction, oxidative stress and chronic inflammation contribute to the

genesis of hypertension, we aimed to investigate whether these dysfunctions can be
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modulated by combined exercise training (aerobic plus resistance, in alternate days) in
hypertensive ovariectomized rats. Three important insights emerged from the present study.
First, the THO rats had a reduced AP and HR at rest when compared to their sedentary peers.
Secondly, the beneficial adaptation in BrS and in cardiovascular autonomic modulation was
more prominent in trained rats than in the sedentary ones. Finally, the major finding of this
investigation is that these improvements in BrS and cardiovascular autonomic modulation
after exercise training could partly account for the decrease in both TNF alfa and oxidative
stress in THO animals.

Reduced baroreflex sensitivity (BrS) and heart rate variability are strong predictors of
cardiac mortality %6 and were observed in both hypertensive humans 7 and animals. 18 In fact,
in the present study, we observed decreased BrS in sedentary SHR animals (H and HO
groups) along with increased AP levels, thus corroborating some previous studies. 1820

Interestingly, we observed that combined exercise training led to an improvement in
tachycardic and bradycardic responses to sequential bolus injection of sodium nitroprusside
and phenylephrine, respectively, associated with a reduction in THO animals. These findings
are similar to those observed after aerobic exercise training protocols in male and female-
ovariectomized SHR rats. 182733

Furthermore, besides BrS improvement, the THO group showed a more effective
adaptation to vascular autonomic modulation (VAR-SAP and LF-SAP), to total HR variance
(VAR-PI), to cardiac vagal cardiac modulation (RMSSD), and to cardiac simpatho-vagal
balance when compared to SHR sedentary animals. These changes have probably
contributed to AP and HR reduction after combined exercise training protocol in hypertensive
ovariectomized rats. Therefore, we suggest that combined exercise training at low/moderate
intensity may promote a reduction of cardiac and vascular sympathetic modulation, while

increasing parasympathetic modulation, thus improving cardiovascular autonomic balance.
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Some studies have demonstrated an improvement in cardiovascular autonomic modulation in
male and ovariectomized SHR after aerobic exercise training .182738 Recently, similar
findings have been reported for infarcted rats after resistance exercise training. 3° However,
this is the first study to demonstrate a reduction in AP associated with an improvement in
cardiovascular autonomic control/modulation promoted by combined exercise training in a
model associating hypertension and menopause.

Moreover, in our study, both H and HO groups showed an increase in cardiac TNF-a
levels, which may explain the increased oxidative stress, as shown by TBARS and carbonyl
enhancement in cardiac and renal tissues. These results corroborate previous findings, which
reported that TNF-o induced an increase in oxidative stress. 40

Another candidate mechanism which could account for the increase in oxidative stress
parameters would lay in the imbalance between oxidant and antioxidant forces, as observed
previously. 8 In fact, the H and HO groups showed an increase in carbonyl levels (in cardiac
and renal tissues) and a decrease in catalase (in cardiac tissue) when compared to
normotensive animals (C group).

Furthermore, we observed an additional impairment in the parameters of oxidative
stress damage (TBARS and CARB) in HO group when compared to H group. This additional
impairment could be partly explained by the association between hypertension and ovarian
hormone deprivation. #! Interestingly, the combined exercise training was able to reduce, at
least in part, the oxidative stress damage in cardiac and renal tissues promoted by the
association of hypertension and ovariectomy, as demonstrated by the reduction in carbonyl
and TBARS levels and the increase in catalase and TRAP levels (in both cardiac and renal
tissues) in THO group (vs. H and HO groups). These results indicate that combined exercise
training is effective in reducing oxidative stress in hypertensive ovariectomized rats. In fact,

previous studies have shown that moderate intensity aerobic exercise training on treadmill
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was able to reduce oxidative stress.'”:18 Several factors, including an increase in antioxidant
enzymes (CAT and SOD) and nonenzymatic antioxidants (TRAP) could be implicated in the
beneficial response to chronic exercise.

Moreover, in the present study, we showed that SHR animals have lower body weight
than control animals (H vs. C group); this is probably due to the SHR lineage. > However,
we observed that ovariectomy led to an increase in body weight in HO group, thus
corroborating previous studies of our group with ovariectomized female rats. 8228 On the
other hand, exercise training has been regarded as an approach which favors control of body
weight, either by reducing it or by managing weight increase. In the present study, the
combined exercise training was able to reduce body weight in THO group in relation to HO
group. We also observed an improvement in physical capacity as evaluated by their response
to the maximal treadmill test and maximal load test in the ladder in THO group, as
demonstrated previously. 182527.3% Additionally, we observed resting bradycardia in THO
group, which clearly demonstrates the effectiveness of the exercise protocol used in the
present study.

In conclusion, combined exercise training was able to reduce AP associated with
benefits for BrS, improve cardiovascular autonomic modulation, and decrease inflammation
and oxidative stress in hypertensive ovariectomized rats. These results suggest a positive role
of combined exercise training in the management of cardiovascular risk in the presence of

hypertension and ovarian hormones deprivation.

Perspectives
In the present study we used an ovariectomized rat model of menopause to
demonstrate the utility of combined (resistance+aerobic) exercise training in minimizing

the long term effects of hypertension. These non-pharmacological approaches improved
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resting hemodynamic status and cardiovascular control of circulation, suggesting a
homeostatic role for exercise in hypertension induced-autonomic imbalance. This study
shed light on a relatively large population of women who are postmenopausal with
hypertension and with high cardiovascular risk. The postulate mechanism involved in
exercise training induced-cardiovascular benefits was the inflammation and oxidative
stress cardiac and renal profile improvement. To advance the field, the next steps will be
to complete mechanistic studies to validate the correlative changes in cardiovascular
control that accompany combined exercise training and to then develop therapeutic

strategies to target the exercise benefits in postmenopausal hypertensive women.
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NOVELTY AND SIGNIFICANCE

» Dynamic moderate intensity combined (resistance + aerobic) exercise training led to arterial
pressure reduction, improvement in autonomic nervous system control of circulation probably
associated with decrease in cardiac and renal inflammation and free radicals induced damage,
thus minimized the long term effects of hypertension after ovarian hormones deprivation in an

experimental model.

* In a model of hypertension associated with menopause no adverse effects were observed after

dynamic moderate intensity resistance + aerobic exercise training;

 In summary, this study provided experimental evidences that dynamic moderate intensity
combined exercise training are useful non-pharmacological strategies to management risk
factors after menopause in presence of hypertension. Future clinical studies should be carried

on to confirm these results.
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Figure Captions.

Figure 1. BrS evaluated by bradycardic and tachycardic responses. C: sedentary control (n=7);
H: sedentary hypertensive (n=7); HO: sedentary hypertensive ovariectomized (n=7); THO:
combined trained hypertensive ovariectomized (n=7). *P <0.05 vs. C; #P <0.05 vs. H; T P <

0.05 vs. HO.

Figure 2. A Cardiac TBARS, B Cardiac TRAP, C Renal TBARS and D Renal TRAP. C:
sedentary control (n=7); H: sedentary hypertensive (n=7); HO: sedentary hypertensive
ovariectomized (n=7); THO: combined trained hypertensive ovariectomized (n=7). *P < 0.05

vs. C; # P <0.05 vs. H; ¥ P <0.05 vs. HO.
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Table 1. Hemodynamic and cardiac autonomic control in C: sedentary control (n=7); H:
sedentary hypertensive (n=7); HO: sedentary hypertensive ovariectomized (n=7); THO:

combined trained hypertensive ovariectomized (n=7).

Measurement C H HO THO

MAP (mmHg) 113+15 165+3*% 176444 1553 %#+
DAP (mmHg) 95+2 145+3* 154+3.4%# 13343 *#7
SAP (mmHg) 128+2 192+4* 200+5* 177+4*#7
HR (bpm) 366+11 359+7 35546 330£6%#+

Data are reported as meant SEM. * p <0.05 vs. C; # p < 0.05 vs. H; T p < 0.05 vs. HO. MAP: mean

arterial pressure; SAP: systolic arterial pressure; DAP: diastolic arterial pressure; HR: heart rate.



48

Table 2. Cardiovascular autonomic modulation in C: sedentary control (n=7); H: sedentary
hypertensive (n=7); HO: sedentary hypertensive ovariectomized (n=7); THO: combined

trained hypertensive ovariectomized (n=7).

Measurement C H HO THO

HRV

VAR-PI (ms?) 68.07+6.92 48.66+3.31* 49.77+6.74* 71.04+4.54#+

RMSSD (ms) 7.41+0.83 5.23+0.40% 4.56+0.49% 6.06+0.58
%LF (nu) 24.6+1.40 23.08+1.08 28.08+2.58 22.26+1.67
%HF (nu) 75.4+1.40 76.92+1.08 71.92+2.58 77.74+1.67
LF/HF 0.34+0.02 0.34+0.02 0.43+0.04 0.294+0.03%#+
BPV

VAR-SAP 23.69+0.45 34.0942.37%  50.78+4.61%  30.09+2.03%
(mmHg?)

LF (mmHg?) 2.90+0.44 5.460.53* 7.69+0.46%# 5.72+0.60%+

Data are reported as mean + SEM. * p < 0.05 vs. C; # p < 0.05 vs. H; { p <0.05 vs. HO. Heart rate
(HRV) and systolic blood pressure (BPV) variability computed from 0.20 to 3 Hz (total power).
VAR: total variance; LF: low-frequency band (0.20-0.75 Hz); HF: high-frequency band (HF: 0.75-3

Hz).



49

Table 3. Inflammatory response in cardiac tissue in C: sedentary control (n=7); H: sedentary
hypertensive (n=7); HO: sedentary hypertensive ovariectomized (n=7); THO: combined

trained hypertensive ovariectomized (n=7).

Measurement C H HO THO
TNF-a (pg/mg protein) 36.05+5.1 61.71+7.2* 60.72+8.4* 49.5+4.0
IL-10 (pg/mg protein) 59.05+7.05 54.19+10.23 33.16+5.98* 29.45+4.35*

Data are reported as mean+ SEM. * p < 0.05 vs. C. TNF-a: Tumour necrosis factor- a; 1L-10:

interleukin-10.
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Table 4. Cardiac and renal oxidative stress in C: sedentary control (n=7); H: sedentary
hypertensive (n=7); HO: sedentary hypertensive ovariectomized (n=7); THO: combined

trained hypertensive ovariectomized (n=7).

Measurement C H HO THO

Cardiac

CARB (nmol/mg protein)  3.00+0.23 5.78+0.26* 7.47£0.55*# 4.934+0.42*F
CAT (pmol/mg protein) 0.84+0.04 0.31+0.04* 0.45+0.05*# 0.51+0.04*#
SOD (USOD/mg protein)  16.21+1.10  11.13+0.35* 10.73+0.46*  11.88+0.83*

Renal

CARB (nmol/mg protein)  1.97+0.21 4.68+0.15* 3.71+0.33%#  2.95+0.22*#f
CAT (pmol/mg protein) 1.72+0.16 1.77+0.23 1.60£0.19 3.67+0.31%#t

SOD (USOD/mg protein)  10.75+0.73  12.69+0.43* 13.39+0.41* 16.44+0.76%#+

Data are reported as mean+ SEM. *p <0.05vs. C; # p < 0.05 vs. H; T p <0.05 vs. HO. CARB:
carbonyls; CAT: catalase; SOD: Superoxide dismutase; GSH/GSSG ratio (GSSG: Oxidized

glutathione form; GSH: reduced glutathione form).
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5. CONSIDERAGCOES FINAIS

Os resultados deste estudo evidenciam um aumento de peso apds a privagdo dos
hormdnios ovarianos corroborando com dados anteriores do nosso grupo (Irigoyen et al., 2005;
Flues et al., 2010; Sanches et al., 2012). Esse aumento de peso nas ratas espontaneamente
hipertensas submetidas a privagdo dos hormdnios ovarianos é semelhante a observada em
mulheres apds a menopausa. De fato, a privagdo dos hormonios ovarianos induz aumento da
ingestdo de alimentos, do peso corporal, da resisténcia a insulina (Latour et al., 2001; Irigoyen
et al., 2005), sarcopenia e osteopenia (Leite et al., 2010).

Por outro lado, o treinamento fisico tem sido sugerido como uma abordagem favoravel
para redugdo e/ou controle do aumento de peso corporal, tanto em humanos (Teixeira et al.,
2003) quanto em modelo experimental (De Angelis et al., 1997). Neste estudo o treinamento
fisico combinado foi eficaz em reduzir o peso corporal em relagdo ao grupo hipertenso
ooforectomizado.

Além disto, observamos um aumento da capacidade fisica ao final do protocolo no grupo
THO, evidenciado pelo teste de esforco méximo em esteira e pelo teste de carga maxima em
escada. Em um estudo prévio do nosso grupo, demonstramos correlagdo entre a velocidade
atingida no teste de esforgo e o consumo de oxigénio em ratos (Rodrigues et al., 2007). Vale
ressaltar que o consumo de oxigénio representa hoje ndo s6 um indicador de performance, mas
um marcador progndstico em cardiopatas (Armostrong et al., 2005). Resultados semelhantes
foram observados no teste de carga maxima em escada nas ratas submetidas ao treinamento
fisico combinado, corroborando com um estudo do nosso laboratério no qual ratas diabéticas
ooforectomizadas aumentaram sua carga maxima ao final do protocolo de treinamento resistido
em escada com duragdo de 8 semanas (Sanches et al., 2013). Desta forma, estes resultados
evidenciam a eficiéncia do protocolo de treinamento fisico combinado, uma vez que, a literatura

considera a capacidade fisica um marcador da eficiéncia do protocolo de treinamento fisico,
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sendo um achado comum pds treinamento em ratos controles, diabéticos, velhos, infartados e
hipertensos (De Angelis et al., 1997; De Angelis et al., 1999; De Angelis et al., 2000; Musch,
et al., 1989; Sanches et al., 2013).

Adicionalmente, demonstramos um aumento da PA nos grupo hipertensos sedentario
quando comparado ao grupo controle. Esse aumento da presséo arterial tem sido correlacionado
a hiperatividade simpatica e a prejuizo na sensibilidade dos pressorreceptores (Silva et al., 1997;
Gava et al.,1995). Observamos também um aumento adicional da PA no grupo submetido a
privacdo dos hormonios ovarianos, corroborando com estudos anteriores do nosso grupo em
ratas Wistar e SHR submetidas a ooforectomia (Irigoyen et al., 2005; Flues et al., 2010, Sanches
et al., 2013), acompanhado pelo aumento da modulacdo simpatica vascular (VAR-PAS e BF-
PAS) e de prejuizo na sensibilidade dos pressorreceptores.

De forma importante, no presente estudo observou-se apds 8 semanas de treinamento
fisico combinado (aer6bio + resistido) uma redugdo nos valores pressdricos, bem como
bradicardia de repouso nas ratas hipertensas ooforectomizadas. De forma semelhante, nosso
grupo observou em um estudo anterior reducdo da pressdo arterial média em ratas
ooforectomizadas treinadas (Irigoyen et al., 2005), bem como em machos SHR (Bertagnolli et
al., 2006; Moraes-Silva et al., 2010). Fato esse, pode estar associado a melhora da sensibilidade
dos pressorreceptores no grupo submetido a protocolo de treinamento fisico aerdbio
(Bertagnolli et al., 2006; Moraes-Silva et al., 2010). Neste sentido, um achado importante do
presente estudo foi a melhora da sensibilidade dos pressorreceptores no grupo treinado
combinado (normalizagdo quanto a resposta bradicardica e atenuacédo da disfuncéo da resposta
taquicérdica) em relacdo ao grupo hipertenso ooforectomizados sedentario (THO).

Além disto, observou-se melhora da modulagdo autondmica cardiovascular pos
treinamento combinado, com normalizagcdo da VAR-PAS e com a melhora da modulagéo

simpética vascular (LF-PAS) e vagal cardiaca (RMSSD e VAR-IP). Tais altera¢des podem ter
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colaborado para a reducdo da pressdo arterial e da frequéncia cardiaca no grupo hipertenso
ooforectomizado treinado. E importante ressaltar que o treinamento fisico combinado parece ter
efeito adicional em relacdo ao aer6bio, uma vez que induziu redugdo da PA, o que ndo foi
observado ap6s o treinamento aerébio em esteira, em outro modelo experimental (Sanches et
al., 2012).

As andlises de estresse oxidativo no presente trabalho foram realizadas em tecido
cardiaco e renal. Sabe-se que o tipo de treinamento fisico, bem como suas variaveis, (intensidade
e duragdo) pode influenciar na reposta ao estresse oxidativo (Powers et al., 1999). Desta forma,
pouco se sabe sobre os beneficios do treinamento fisico combinado em relagdo estresse
oxidativo. No presente estudo, foi observado um aumento do estresse oxidativo nos grupos
hipertensos sedentarios (aumento de Lipoperoxidacdo e dano a proteina), o que pode ser
explicado pelo aumento do TNF-o (Dhingra et al., 2007) que poderia induzir um desequilibrio
entre a geragdo de espécies reativas de oxigénio e suas enzimas antioxidantes (Nordmann, 1994;
Campos et al., 2013). Em contrapartida, o treinamento fisico combinado foi eficaz em melhorar
o perfil de estresse oxidativo, evidenciado por uma melhora no equilibrio entre espécies reativas
de oxigénio e suas defesas antioxidantes no tecido cardiaco (aumento da TRAP e CAT) e no
tecido renal (aumento de TRAP, SOD e CAT), ocasionando menor dano (reducdo de
Lipoperoxidacéo e de dano & proteina vs. HO) bem como pela melhora do perfil inflamatério
no grupo THO. Esses achados corroboram com dados previamente publicados nos quais se
observou uma reducdo de estresse oxidativo apOs treinamento fisico aerébio de baixa
intensidade em machos SHR (Bertagnolli et al., 2006) ou fémeas ooforectomizadas (Irigoyen et
al., 2005).

Concluindo, o treinamento fisico combinado foi eficaz em reduzir PA associado a
melhora do barorreflexo, reducéo da modulagéo simpética vascular, do estresse oxidativo e da

inflamacdo em ratos espontaneamente hipertensos ooforectomizados. Esses resultados
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sugerem um papel importante do treinamento fisico combinado no manejo do risco

cardiovascular na presenca de hipertensdo e privacdo dos hormdnios ovarianos.
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ABSTRACT

Background: The aim of the present study was to investigate the effects of resistance
exercise training on hemodynamics and cardiac autonomic control in ovariectomized
spontaneously hypertensive rats. Methods: Female rats were divided into 4 groups: sedentary
control (SC), sedentary hypertensive (SH), sedentary hypertensive ovariectomized (SHO),
and resistance trained hypertensive ovariectomized (RTHO). Resistance exercise training was
performed on a vertical ladder (5d/w; 8wk), 40-60% maximal load. Arterial pressure was
directly recorded. Vagal and sympathetic tonus were measured by heart rate (HR) responses
to methylatropine (3 mg/kg, iv) and propranolol (4 mg/kg, iv). Results: Ovariectomy
additionally increased blood pressure in hypertensive rats and was associated with decreased
vagal tonus. Resistance exercise training induced mean arterial pressure reduction (RTHO:
159+2.2 vs. SHO: 177+3.4 mmHg) and resting bradycardia (RTHO: 332+9.0 vs. SHO:
35615 bpm). Sympathetic tonus was reduced in the trained group. Moreover, sympathetic
tonus was positively correlated with resting HR (r= 0.7, p<0.05). Conclusion: Ovarian
hormone deprivation in hypertensive rats induced additional AP increase, which was in turn
attenuated by moderate-intensity dynamic resistance training. This benefit may be associated
with resting bradycardia and reduced cardiac sympathetic tonus after training, thus pointing
to the beneficial effects of this approach in the management of hypertension after ovarian
hormone deprivation.

Key words: Resistance exercise training, menopause, hypertension, sympathetic tonus, blood

pressure.
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Introduction

Hypertension is a leading cause of cardiovascular disease in both genders. The
incidence of cardiovascular disease (CVVD) in women increases sharply after menopause,
suggesting that ovarian hormones play a role in arterial pressure (AP) regulation (1). In fact, a
previous study from our group has reported that ovarian hormone deprivation in rats induced
an increase in AP values (2).

Resting bradycardia induced by aerobic exercise training has been well documented
in humans and animals. Several studies have demonstrated resting bradycardia in young (3)
or old (4) normotensive male rats, in young normotensive females rats (5), in female
ovariectomized rats (6,7), in male and females hypertensive rats (8,9) and in humans (10).
The mechanisms underlying the cardiac adaptive response to exercise training seem to be
different across species and genders (3,5,10). A recent report from our laboratory has
demonstrated that changes in autonomic control in trained female rats were correlated with
reduced basal heart rate (HR), lending support to the role of autonomic control of HR in the
resting bradycardia observed in trained female rats (5).

Therefore, it seems well established that aerobic exercise training induces decreases in
basal AP and HR, associated with improvement in cardiovascular autonomic control (5,9)
and in baroreflex sensitivity (6,8,11). Recently, growing clinical evidence has lent further
support to the positive effects of resistance exercise training on body composition and
metabolic profile in both normal and diseased population. In fact, medical associations
recommend resistance exercise training (40-60% maximal load) as a complement to aerobic
training for the aging population, and in the management of various chronic diseases,
including hypertension (12,13). However, the cardiovascular effects of this type of training
remain poorly understood. Silveira et al. have found bradycardia and reduced intrinsic heart

rate in Wistar normotensive OV X rats after high-intensity resistance exercise training (from
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75% of body mass until reaching a maximal overload) in an adapted ladder (7). We have
recently standardized a moderate-intensity resistance exercise training (40-60% maximal
load) in ladder to study the effects of this type of training in experimental models of diseases.
We applied this protocol to diabetic normotensive OV X rats and found improvement in body
composition and hemodynamics (14). Given the high prevalence of hypertension in post-
menopausal women and the lack of studies addressing the cardiovascular effect of resistance
training in this population, the present study was designed to test the hypothesis that dynamic
moderate-intensity resistance exercise training can reduce AP and HR associated with
positive cardiac autonomic changes in hypertensive OV X rats. Thus, the aim of our study was
to investigate the effects of moderate-intensity resistance exercise training on hemodynamic
parameters and on cardiac autonomic control in hypertensive OV X rats.
Methods

Seven normotensive Wistar rats and twenty one female spontaneously hypertensive
rats (SHR) (3 months) were obtained from the Animals Facilities. The animals received
freely available standard laboratory chow and water and were housed in temperature-
controlled rooms (22° C) with a 12: 12-h dark-light cycle. The rats were assigned into 4
groups (n=7 each): sedentary normotensive (SC), sedentary hypertensive (SH), sedentary
hypertensive ovariectomized (SHO), and resistance trained hypertensive ovariectomized
(RTHO). All surgical procedures and protocols were approved by the Ethics Committee of
Universidade Nove de Julho (Protocol 0035/2011) and were conducted in accordance with
the National Institutes of Health Guide for the Care and Use of Laboratory Animals.

At 12 weeks of age, animals were anesthetized (80 mg/kg ketamine and 12 mg/kg
xylazine), and a small abdominal incision was made. The ovaries were then located, and a
silk thread was tightly tied around the oviduct, including the ovarian blood vessels. The

oviduct was sectioned and the ovary removed. The skin and muscle wall were then sutured



75

with silk thread. After surgery, the animals received an injection of antibiotics (40 000 U/kg
penicillin G procaine IM) (2,6,9).

Resistance exercise training (RT) was performed in ladder adapted for rats, with 54
vertical steps and 0.5 cm of distance between them, and a small rat cage at the top, which was
covered with a cloth to promote a dark environment for the animal rest between the climbs.
All animals were adapted to the act of climbing for 5 consecutive days, before the maximum
load test. The test consisted of an initial load of 75% of the body weight, which was
progressively increased with 50 grams in the subsequent climbs as previously described in
details elsewhere (14). The prescription of resistance exercise training was performed using
the normalized value of maximal load for each rat, and was adjusted weekly, according to
body weight of the animal. The resistance exercise training protocol was performed during 8
weeks, for 5 days a week and at moderate intensity (15-2" wk.: 30-40 %; 3™-5t wk.: 40-50
%; 6™-8™ wk.: 40-60 % of the maximal load) with 15 climbs per session and a 1-min time
interval between climbs as previously described in details elsewhere (14).

On the day following the last exercise session, rats were anesthetized with an
intraperitoneal injection of ketamine (90 mg/kg) and xylazine (20 mg/kg) to implant 2
polyethylene-tipped Tygon cannulas filled with heparinized saline into the right carotid artery
and jugular vein for direct measurements of arterial pressure and drug administration,
respectively. The free ends of the cannulas were tunneled subcutaneously and exteriorized at
the top of the skull. To avoid detraining hemodynamics, measurements were made in
conscious, freely moving rats in their home cage. The arterial cannula was connected to a
transducer (Blood Pressure XDCR, Kent® Scientific, USA), and AP signals were recorded
for a 30-min period using a microcomputer equipped with an analog-to-digital converter
(CODAS, 2Kz, DATAQ Instruments, USA). The recorded data were analyzed on a beat-to-

beat basis to quantify changes in mean AP (MAP) and HR.
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After the basal HR recording, vagal and the sympathetic tonus and intrinsic heart rate
(IHR) were measured by determining the response to methylatropine (3 mg/kg, iv) and
propranolol (4 mg/kg, iv) with a maximum volume of 0.2 mL per injection. Because the HR
response to these drugs reaches its peak within 3 to 5 min, this time interval was allowed to
elapse before the HR measurement. Propranolol was injected 10 min after methylatropine,
and again the response was evaluated after simultaneous blockade with propranolol and
methylatropine. On the following day, the sequence of injections was inverted (first
propranolol and then methylatropine) and the intrinsic heart rate (IHR) was evaluated after
simultaneous blockade with propranolol and methylatropine. Sympathetic tonus was
determined as the difference between maximum HR after methylatropine injection and IHR.
Vagal tonus was obtained by the difference between the lowest HR after propranolol
injection and IHR (3,5).

Data are presented as mean +SEM. Levene's test was used to assess variance
homogeneity. Comparisons between the 4 groups were performed with one-way ANOVA,
followed by Student Newmann Keuls post hoc test. Pearson correlation was used to study the
association between variables. The significance level was established at p < 0.05.
RESULTS

At the beginning of the protocol, the SC group presented higher body weight than
hypertensive groups (SC: 21645 vs. SH: 188+2; SHO: 19142 and RTHO: 190+1 g, p<0.05);
however, no difference in weight was found between hypertensive groups. All groups showed
a significant increase in body weight (SC: 280+5; SH: 197+2; SHO: 264+3 and RTHO:
24014 g, p>0.05) at the end of the protocol. However, RTHO animals (240+4 g) showed
reduced body weight when compared to SHO group at the end of the protocol (264+3 g,

p<0.05).
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At the beginning of the experiment, the maximal load in the ladder test was similar
among the hypertensive groups (SH: 315+19.2; SHO: 320+13 and RTHO: 300+£10.4 g,
p>0.05). However, the hypertensive groups carried a higher maximum load when compared
to SC animals (128.5+5.9 g, p<0.05). After 8 weeks of resistance exercise training, the RTHO
group demonstrated an increase in maximum load when compared with other groups (RTHO:
490£10.3 vs. SC: 204+11.4; SH: 360+20.4 and SHO: 335+37.2 g, p<0.05).

Ovariectomy induced MAP increase in hypertensive rats (SHO vs. SH group).
Resistance exercise training induced MAP reduction in relation to both SH and SHO groups.
Resistance exercise training also was able to induce resting bradycardia in RTHO group
(Figure 1).

The results of the autonomic control of HR demonstrated that hypertensive groups had
a reduced vagal tonus when compared to SC group (SH: 21.5+5 SHO: 26+6 and RTHO
23.7+4 vs. SC: 48+5 bpm, p<0.05). Resistance exercise training decreased sympathetic tonus
in hypertensive OV X rats (RTHO: 35.645.7 vs. SC: 54+6; SH: 56.7+4.4 and SHO: 50.9+3.9
bpm, p<0.05) (Figure 1). The IHR was reduced in hypertensive groups (SH: 325+10; SHO:
312+6 and RTHO: 314+7 bpm) when compared to SC group (368+8 bpm, p<0.05).

Correlation analysis involving all hypertensive rats (SH, SHO and RTHO groups)
showed a significant positive correlation between sympathetic tonus and heart rate (r= 0.7,
p<0.05) (Figure 2A). There was no correlation between vagal tonus and heart rate (r=0.2,

p>0.05) (Figure 2B).

Discussion
In the present study we used an experimental model of menopause associated with
hypertension to demonstrate that resistance exercise training is able to minimize the long

term effects of hypertension. Thus, there are two important findings in the present study.
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First, the RTHO rats showed a reduction in AP and HR at rest when compared to sedentary
hypertensive groups. Second, resistance exercise training seems to induce a reduction in
sympathetic tonus, which is associated with resting bradycardia.

Menopause has been associated with impairment in muscle strength, and bone mineral
density, as well as with weight gain (15). In the present study, resistance exercise training
reduced body weight of hypertensive ovariectomized rats. Although some studies have not
demonstrated any reduction in body weight in aerobic trained hypertensive male rats (8) or in
aerobic trained female hypertensive OV X rats (9), several others have indicated progressive
resistance training as a promising intervention in positively changing body composition. In
fact, despite unchanged body weight, we have previously observed a decrease in adipose
tissue and increase in muscle mass after resistance training in ladder in male normotensive
rats. Moreover, some studies have demonstrated the benefits of resistance training in slowing
sarcopenia and the overall deterioration of muscle structure associated with menopause
(17,18). In this sense, we observed a significant gain (~46%) in hypertensive OV X rats in the
maximum load in the ladder test after training, and the magnitude of this gain was similar
(~50%) to that of diabetic normotensive OV X rats, as we previously observed (14).
However, using a similar resistance training protocol, Grans et al. have reported a more
pronounced strength gain (~80%) in male normotensive rats (16). Taken together, these data
suggest that gender and ovarian hormone deprivation probably play a role in the responses to
dynamic resistance training.

The incidence of hypertension rises after menopause (1), and this increase involves
changes in AP and AP regulation associated with estrogen loss. In the present study, we
showed an additional increase in AP in OV X rats, thus corroborating previously published
research undertaken by our group (2). Importantly, we demonstrated that 8 weeks of

moderate-intensity dynamic resistance exercise training induced a reduction in AP values in
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hypertensive rats undergoing ovarian hormone deprivation. A few mechanisms may account
for the reduction in blood pressure in trained hypertensive humans, such as reduced cardiac
output (19) and/or peripheral vascular resistance (20). In this study, the reduction in AP
values may be associated with a decrease in sympathetic tonus, resulting in resting
bradycardia after 8 weeks of moderate-intensity resistance exercise training. However, 10
weeks (3 times/week) of high-intensity resistance training in ladder induced a reduction in
resting HR and in intrinsic heart rate, but did not change either AP or cardiac autonomic
tonus in normotensive OV X rats (7). In male SHR, the moderate-intensity treadmill exercise
training induced AP, HR and sympathetic tonus reduction. Moreover, reduced resting HR
correlated with the reduced sympathetic tonus observed in female Wistar rats after moderate-
intensity aerobic treadmill training (5). Another study from our group has previously reported
that resting bradycardia may be the candidate mechanism for AP reduction in OV X rats
undertaking aerobic treadmill training (6). In fact, we observed in the present study a positive
correlation between sympathetic tonus and resting HR (r= 0.7), lending further support to the
critical role of the reducing cardiac sympathetic tonus to induce resting bradycardia in
hypertensive animals.

In conclusion, ovarian hormone deprivation in hypertensive rats induced additional
AP increase, which was attenuated by moderate-intensity dynamic resistance exercise
training. This benefit was may be associated with resting bradycardia and reduced cardiac
sympathetic tonus after training. These findings point to the beneficial effects of moderate-
intensity dynamic resistance exercise training in the management of hypertension after

ovarian hormones deprivation.
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FIGURE CAPTIONS

Figure 1. Hemodynamic and cardiac autonomic control in studied groups. SC: sedentary
control; SH: sedentary hypertensive; SHO: sedentary hypertensive ovariectomized; RTHO:
resistance trained hypertensive ovariectomized. *P < 0.05 vs. SC; # P < 0.05 vs. SH; ¥ P <
0.05 vs. SHO.

Figure 2. Correlations between A. resting heart rate and sympathetic tonus (r= 0.7, p<0.05)
and B. resting heart rate and vagal tonus (r=0.2, p>0.05). Pearson correlations involved all

hypertensive groups.
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