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RESUMO

Meta-analises com estudos pré-clinicos sdo relativamente novas e promovem diretrizes para
os estudos clinicos. A literatura demonstra que os efeitos do exercicio resistido sobre o
sistema cardiovascular em modelos experimentais ainda sdo controversos. O objetivo desta
meta-analise foi avaliar os efeitos do exercicio resistido sobre a funcdo vascular e pressdo
arterial em ratos. Foram investigados diferentes bancos de dados buscando estudos que
avaliaram os efeitos do exercicio resistido sobre a sensibilidade vascular, resposta maxima e
pressado arterial em ratos até 30 de Setembro de 2014. Apos a sele¢do dos estudos, os dados
foram agrupados pelo método de varidncia inversa genérico usando o modelo de efeitos
aleatorios e expressa como a diferenca da média padronizada, Hedges g e intervalos de
confianga de 95% (IC 95%). Treze estudos foram incluidos. Nossa meta-analise demonstrou
que o exercicio resistido em ratos ndo altera a sensibilidade vascular, mas promove o aumento
do relaxamento vascular (P<0,01). Além disso, observou-se uma redugdo da pressdo arterial
nos animais exercitados (p<0,01). As andlises de subgrupo demonstraram que o exercicio de
agachamento (p<0,01), com baixos volumes de exercicio resistido (p<0,05) e com intensidade
moderada/alta (p<0,001) reduz a pressdo arterial. Os resultados desta meta-andlise sugerem
que o exercicio resistido melhora a funcdo vascular e diminui a pressdo arterial em ratos. No
entanto, mais estudos sdo necessarios para entender melhor os efeitos de diferentes protocolos
de exercicios resistidos sobre o sistema cardiovascular.

Palavras-Chave: Meta-analise; Exercicio resistido; Pressdo arterial.
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ABSTRACT

Meta-analyses with preclinical studies are relatively new and promote guidelines for
clinical studies. The literature has showed that the effects of resistance exercise on the
cardiovascular system in experimental models are still controversy. The aim of this meta-
analysis was to evaluate the effects of resistance exercise on vascular function and blood
pressure in rats. Different databases were searched for studies evaluating the effects of
resistance exercise on vascular sensitivity, maximal response and blood pressure in rats
up to September 30, 2014. Post intervention between-group effect sizes were pooled
with the generic inverse variance method using random-effect model and expressed as
standardized mean difference, Hedges g, with 95% confidence intervals (95% CI).
Thirteen eligible studies were included. Our meta-analysis showed that resistance exercise
in rats does not alter the wvascular sensitivity, but promotes increased vascular
relaxation (p<0.01). In addition, we observed a reduction in blood pressure in the exercised
animals (p<0.01). Subgroup analysis showed that squat exercise (p<0.01), with low
volumes of resistance exercise (p<0.05) and with moderate/high intensity (p<0.001)
reduces the blood pressure. The results of this meta-analysis suggests that resistance
exercise improves the vascular function and decreases the blood pressure in rats.
However, further studies are needed to better understand the effects of different resistance
exercise protocols on the cardiovascular system.

Keywords: Meta-analysis; Resistance exercise; Arterial pressure.
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1. INTRODUCAO

O exercicio fisico aerdbio ¢ caracterizado pela realizacdo de movimentos ciclicos
(metabolismo aerobio) que demonstram provocar importantes alteragdes autondmicas e
hemodindmicas (HOWLEY, 2001; KURU et al., 2002; FAGARD, 2006; MCALLISTER et
al., 2008). Por outro lado, o exercicio fisico resistido ou exercicio resistido possui um
metabolismo energético prioritariamente anaerdbio e caracteriza-se pela execucdo de
movimentos intermitentes em que os musculos de um segmento especifico do corpo estao

contraidos contra uma for¢a que se opdoe ao movimento (HOWLEY, 2001).

Os relatos sobre os efeitos do exercicio aerébio na reducdo da pressdo arterial e na
melhora da funcdo vascular ja estd consolidado na literatura (KELLEY; KELLEY; TRAN,
2001; SASAKI; DOS SANTOS, 2006; RICHTER et al., 2010; DIMEO et al., 2012; PAL;
RADAVELLI-BAGATINI; HO, 2013). Diretrizes nacionais ¢ internacionais sobre o controle
e o tratamento das doencgas cardiovasculares indicam a associagdo do exercicio aerdbio ao
resistido como uma eficiente terapia ndo medicamentosa (MEKA et al., 2008; VI DBH et al.,

2010; ACHTTIEN et al., 2013; ACHTTIEN et al., 2015).

Devido a maior quantidade de estudos pré-clinicos com o exercicio aerdbio as revisdes
sistematicas tém sido desenvolvidas com frequéncia e servem de pardmetro para a realizacao
de novos estudos (JASPERSE; LAUGHLIN, 2008; BEZERRA et al., 2012; AUSTIN et al.,
2014; PLOUGHMAN et al., 2015). Apesar disso, até o presente momento foi encontrada na
literatura cientifica somente uma revisdo sistemdtica com meta-andlise que demonstra os
beneficios do exercicio aerobio em ratos que foram induzidos ao acidente vascular cerebral
(SCHMIDT et al., 2014). De uma forma geral, a literatura indica que as revisoes sistematicas
com ou sem meta-analise s20 uma nova pratica de pesquisa na area que envolve os efeitos do

exercicio fisico e a ciéncia basica.
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Estudos pré-clinicos que objetivam avaliar os mecanismos envolvidos nos efeitos do
exercicio resistido sobre os pardmetros cardiovasculares na satide e na doenga sdo observados
com certa frequéncia (BARAUNA et al., 2005; BARAUNA et al., 2008; DE CASSIA et al.,
2008; ARAUIJO et al., 2013; DAS NEVES et al., 2013; FONTES et al., 2014; GRANS et al.,
2014; MOTA et al., 2014). Atualmente, sdo descritos diversos modelos de exercicio resistido

para ratos e diferentes protocolos de treinamento (CHOLEWA et al., 2014).

Os dois modelos mais utilizados para avaliar os efeitos cardiovasculares do exercicio
resistido nas ciéncias basicas ¢ o0 modelo de agachamento para ratos e o exercicio de subida
em escadas (TAMAKI; UCHIYAMA; NAKANO, 1992; LEE et al., 2004). O primeiro estudo
pré-clinico que demonstrou as adaptacdes cardiovasculares provenientes do exercicio resistido
em ratos foi desenvolvido por BARAUNA et al., 2005. Isto indica que o exercicio resistido
em ratos também ¢ uma pratica relativamente nova na ciéncia basica e pode ser uma
importante ferramenta para a descoberta de novos mecanismos que contribuam no controle
das desordens cardiovasculares. Devido a grande divergéncia de protocolos, os efeitos do
exercicio resistido observados na literatura ainda sdo bastante controversos. E importante
também destacar que as varidveis, intensidade, duracdo, frequéncia e intervalo de repouso,

influenciam diretamente no efeito dose-resposta do exercicio resistido (ASHOR et al., 2015).

Recentemente, o nosso grupo demonstrou a eficiéncia do exercicio resistido em
melhorar a fun¢do vascular e/ou reduzir a pressdo arterial em ratos saudaveis, diabéticos e
hipertensos (ARAUJO et al., 2013; FONTES et al., 2014; MOTA et al., 2014). Da mesma
forma, ja foi demonstrado que o exercicio resistido pode tanto aumentar a fungdo vascular
apoOs uma sessao de exercicio, quanto reduzir a pressao arterial em ratos hipertensos (FARIA
et al., 2010). Outros estudos também indicam que a redugdo da pressao arterial pode ocorrer
em animais saudaveis apds o exercicio resistido cronico (BARAUNA et al, 2005; DE

CASSIA et al, 2008). Por outro lado, também existem evidéncias conflitantes que ndo
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demonstram alteragdes na fun¢do vascular e na pressao arterial em ratos saudaveis submetidos

ao exercicio resistido (BARAUNA et al., 2008; HARRIS et al., 2010).

Recentemente, a publicagdo de um guia pratico para a realizacdo de meta-analises com
dados provenientes dos estudos pré-clinicos tem facilitado a orientagdo para o
desenvolvimento dos estudos meta-analiticos em modelos animais (VESTERINEN et al,,
2014). Da mesma forma que os estudos de meta-anélise podem orientar as decisdes clinicas e
de pesquisas em humanos, a elaboragdo de revisdes sistematicas com meta-analise de estudos
pré-clinicos pode servir como parametro para um maior ajuste metodologico nos estudos em
modelos animais. Com isso, podemos encurtar a distancia da translacdo do conhecimento pré-

clinico/clinico sobre os mecanismos das doencas.

Dentro deste contexto, foi elaborado um artigo que se encontra no capitulo de
resultados da presente tese. Este artigo foi intitulado de “Effects of resistance exercise on
vascular function and blood pressure in rats: a meta-analysis” e avaliou os efeitos do
exercicio resistido sobre a funcdo vascular e a pressdo arterial em ratos através de uma revisao
sistematica com meta andlise. O segundo artigo (suplementar/ Apéndice) que compde esta
tese, “Resistance exercise acutely enhances mesenteric artery insulin-induced relaxation in
healthy rats”, avaliou os efeitos agudos de uma sessdo de exercicio resistido sobre as acoes
vasculares da insulina em artéria mesentérica de ratos. O artigo suplementar (Apéndice B)
desta tese foi o fator motivador para o desenvolvimento da presente meta-analise. A partir da
elaboragdo do estudo anterior, observamos a grande variabilidade dos protocolos de
exercicios resistidos para ratos, como também, a crescente publicacdo nesta area de pesquisa.

Os resultados do artigo suplementar estdo contidos nesta meta-analise.
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2. HIPOTESE

O exercicio resistido aumenta a func¢do vascular e reduz a pressao arterial em ratos.

3. OBJETIVO

Avaliar através de uma meta-analise os efeitos do exercicio resistido sobre a fung¢ao

vascular e pressdo arterial em ratos.

4. MATERIAL E METODOS

4.1 Fundamentac¢io da metodologia

A fundamenta¢ao metodoldgica para esta meta-analise teve como base o guia pratico
para a realizagdo de meta-analises em estudos pré-clinicos elaborado recentemente por
Vesterinen et al., 2014. Também foi utilizado para uma melhor elaboragdo dos métodos de
pesquisa, meta-analises pré-clinicas previamente publicadas (VAN DRONGELEN et al

2012; SCHMIDT et al., 2014).

4.2 Elaboracao da pergunta do estudo

A estratégia PICO foi utilizada para a construcdo da pergunta deste estudo. PICO
representa um acroénimo para Paciente (populagdo), Intervencdo, Comparagdo (controle) e
“Outcomes” (desfecho) (DE SANTOS; PIMENTA; NOBRE, 2007). Para a elaboragdo da
pergunta do estudo partimos da ideia que as desordens cardiovasculares sdo combatidas com a
intervencdo multidisciplinar e o exercicio fisico pode ser uma importante ferramenta para
auxiliar no tratamento de diversas doencas. Atualmente, diretrizes indicam a associagdo do
exercicio aerdbio ao resistido como uma terapia ndo medicamentosa para as desordens
cardiovasculares (MEKA et al.,, 2008; VI DBH et al, 2010; ACHTTIEN et al., 2013;

ACHTTIEN et al., 2015). Dentro deste contexto, elaboramos a seguinte pergunta para a
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presente revisao sistematica e meta-analise: “O exercicio fisico resistido ¢ capaz de aumentar

a funcdo vascular e reduzir a pressdo arterial em ratos?”

4.3 Estratégia de pesquisa

Nos pesquisamos nos bancos de dados do Pubmed/Medline, Bireme, Embase, Lilacs e
Cochrane Controlled Trials Database em setembro de 2014 todos os estudos originais que
avaliaram os efeitos do exercicio resistido sobre a pressdo arterial e a fun¢do vascular de
ratos. A estratégia de pesquisa utilizada para obter resumos de estudos foi feita com as
palavras-chave “resistance exercise” and “rats”. Foi realizada também uma busca manual e
identificacdo através das listas de referéncias. As bibliografias dos artigos foram cruzadas

para obter mais artigos.

4.4 Delineamento da pesquisa

Estudos pré-clinicos com ratos que foram submetidos ao exercicio resistido e
avaliaram os efeitos cardiovasculares. Para possibilitar um maior controle do viés de
publicacdo foram adotadas as seguintes estratégias: utilizacdo de nimero ampliado de bases
de dados e rejeicdo de limites relacionados a data de publicagdo. Quanto ao idioma de

publicacdo, optou-se por artigos escritos na lingua inglesa.

4.5 Critérios de elegibilidade

Dois autores independentes verificaram os resumos obtidos nas pesquisas € os artigos
considerados relevantes para este estudo tiveram a lista de referéncias analisadas para acessar
novos artigos. Caso um dos pesquisadores entendesse que uma referéncia tinha potencial de
elegibilidade o artigo completo era avaliado. Em todo o processo de andlise dos artigos os
dois autores discutiram as duvidas e a decisdao final de qualquer desacordo das partes era

resolvida por consenso ou um terceiro pesquisador.
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Somente foram considerados elegiveis para a inclusdo deste estudo os artigos com a
lingua inglesa e que o exercicio resistido se caracterizasse pela execu¢do de movimentos
intermitentes compostos de séries, repeticdes e intervalo de descanso. Foram também
incluidos na meta-andlise os estudos envolvendo ratos saudaveis ou com doengas cronicas que
executaram o exercicio resistido. Foram excluidos os estudos que envolvessem qualquer outro

tipo de exercicio e também animais de outra espécie.

4.6 Desfechos

Os nossos principais desfechos de interesse desta meta-analise foi a resposta relaxante
arterial induzida por agentes vasoativos e a pressdo arterial média. Caso o artigo nao
apresentasse os valores da pressdo arterial média (PAM) as mesmas eram calculadas a partir
das pressdes arterial sistolica e diastélica (PAM= PAS + (PADx2)/3). Qualquer outra

informagao necessaria foi solicitada por e-mail ao autor de correspondéncia do artigo original.

4.7 Extracao dos dados

A extrag¢do dos dados foi feita por dois pesquisadores de cada estudo selecionado para
a meta-analise. Foram registrados os dados considerando a espécie, o tamanho da amostra, os
grupos do estudo, as caracteristicas da amostra, a caracterizagdo do protocolo de exercicio, a
duragdo da intervengdo, técnicas de mensuracao, os desfechos da pressdo arterial e da fungdo
vascular. A fun¢do vascular foi representada pela sensibilidade vascular (pD> e/ou ECso,
concentragdo necessaria para obter 50% do efeito maximo) e pela resposta maxima (Rmax,
efeito maximo do agente vasoativo). A partir de cada resposta da pressdo arterial média e da

fun¢do vascular nds registramos o nimero de ratos e o desvio padrao ou erro padrao da média.
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4.8 Avaliacao da qualidade dos estudos incluidos

Até o presente momento, ndo foi descrito na literatura cientifica uma lista que
quantifique a qualidade dos estudos pré-clinicos que avaliaram os efeitos do exercicio
resistido. Para avaliar a qualidade metodologica dos estudos incluidos nesta meta-analise, uma
lista foi elaborada e avaliada por dois pesquisadores independentes. Esté lista foi adaptada de
Van Drongelen et al., 2012 e Schmidt et al., 2014. Desta forma, buscamos adaptar e modificar
para avaliar a qualidade dos estudos incluidos, como também, minimizar o viés de publicagdo.
Os itens de qualidade adotados sdo critérios metodologicos aceitos em estudos experimentais
com exercicio fisico. Foi elaborada uma sistematica de pontuagdo (negativo ou positivo) para
o score/percentual (%) dos itens obtidos nos estudos incluidos na amostra. Os estudos foram

classificados em duas categorias de qualidade:

- Categoria I, 6-10 critérios, considerado estudo de alta qualidade;

- Categoria II, 0-5 critérios, considerado estudo de baixa qualidade.

Foram adotados os seguintes critérios (itens) de qualidade:

1) Randomizacao;

2) Cumprimento dos regulamentos de bem-estar animal;

3) Idade e/ou peso do animal;

4) Numero claro de animais utilizados para o estudo;

5) Drogas e reagentes descritos na metodologia (fabricante);

6) Respostas fisioldgicas > que 5 medigdes por experimento;
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7) Verificacdo de pardmetros fisiologicos (temperatura, pressdo arterial, reatividade

vascular, sangue perfil bioquimico, morfologia, fun¢do cardiaca);

8) Protocolo de exercicio descrito na metodologia;

9) Familiariza¢dao do animal com o protocolo de treinamento;

10) Teste de uma repeticdo maxima (1 RM) ou carga maxima.

4.9 Analise estatistica

Os dados foram agrupados pelo método de variancia inversa genérico usando o
modelo de efeitos aleatorios e expressa como as diferengas das médias ponderadas (SMD),
Hedges g, com intervalo de confianga de 95% (IC 95%). Hedges g ¢ o tamanho do efeito da
diferenca entre as médias dos grupos no pos-intervencao para o desfecho escolhido, dividido
pelo desvio padrio combinado para a amostra inteira e corrigida para as amostras dos
pequenos estudos. Para a consisténcia na dire¢do do tamanho do efeito, os valores positivos
indicam niveis mais elevados para pD> ¢ Rmax para o grupo exercicio resistido. Ja para a
PAM, os valores negativos indicam um decréscimo na pressdo arterial no grupo exercicio

resistido.

O Forest plot foi usado para apresentar graficamente SMD ¢ o IC 95%. Cada estudo
foi representado graficamente para gerar medidas sumarizadas, proporcional ao peso do
estudo na meta-analise. Os valores inferiores a um p< 0,05 foram considerados
estatisticamente significativos. A heterogeneidade entre os estudos foi quantificada utilizando
a estatistica I? (HIGGINS; THOMPSON, 2002). Foi adotada a categorizagio de
heterogeneidade sugerida por Higgins e Thompson (2002), onde sdo considerados: baixa

heterogeneidade os efeitos sumarizados que possuem percentuais de heterogeneidade



21

inferiores a 25%; de moderada heterogeneidade os efeitos proximos a 50%; e de alta

heterogeneidade quando o I? for superior a 75%.

Primeiramente, foi realizada uma anélise de subgrupo para os resultados da PAM com
base no estado de saude do animal (ratos sauddveis vs ratos ndo-saudaveis), método de
afericdo da pressdo arterial (indireta vs direto), modelo de exercicio resistido (agachamento vs
subida de escada), o volume de exercicio (baixo vs alto), a intensidade de treinamento fisico
(baixa vs moderada/alta) e duracdo do exercicio (até 8 semanas vs mais de 9 semanas). Os
exercicios resistidos foram caracterizados como de baixo volume (<10 séries) e alto volume
(> 10 séries) e a intensidade foi dividido em baixa intensidade de exercicio (<60% de IRM) e
moderada/alta intensidade de exercicio (> 60% de 1RM). A estratificagdo de acordo com a
duracdo do exercicio foi baseada no valor da mediana. Para as medi¢gdes de pD> ¢ Rmax uma

analise de subgrupo foi realizada de acordo com o tipo de agonista vasodilatador.

Para avaliar o potencial de viés de publicagdo, um funnel plot foi criado por tramar o
SMD individual contra seu erro padrao. Na auséncia de viés, estudos maiores € mais precisos
estdo representados na parte superior do grafico de forma agrupada, enquanto os estudos
menores € menos precisos, mostrardo uma distribuicdo mais ampla abaixo do grafico. Na
presenca do viés de publicagdo, estudos menores, relatam efeitos maiores a fim de ultrapassar
os limiares de significancia. Neste caso, o funnel plot sugere a auséncia de publicacdo que
reportam resultados negativos. Além da inspecao visual do grafico funnel plot, foi realizado o
teste de regressao linear de Egger’s para medir a assimetria no funil. O forest plot e o funnel
plot foram criados usando o software Review Manager analysis (RevMan, version 5.2.1: The

Cochrane Collaboration, http://ims.cochrane.org/revman).
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5. RESULTADO

5.1. EFFECTS OF RESISTANCE EXERCISE ON THE VASCULAR FUNCTION
AND BLOOD PRESSURE IN RATS: A SYSTEMATIC REVIEW AND META-

ANALYSIS.
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Abstract

Background: Meta-analyses with preclinical studies are relatively new and promote guidelines for
clinical studies. The literature has showed that the effects of resistance exercise on the cardiovascular
system in experimental models are still controversy. The aim of this meta-analysis was to evaluate the

effects of resistance exercise on vascular function and blood pressure in rats.

Methods: Different databases were searched for studies evaluating the effects of resistance exercise on
vascular sensitivity, maximal response and blood pressure in rats up to September 30, 2014. Post-
intervention between-group effect sizes were pooled with the generic inverse variance method using
random-effect model and expressed as standardized mean difference, Hedges g, with 95% confidence

intervals (95% CI).

Results: Thirteen eligible studies were included. Our meta-analysis showed that exercise resistance in
rats does not alter the vascular sensitivity, but promotes increased vascular relaxation (p<0.01). In
addition, we observed a reduction in blood pressure in the exercised animals (p<0.01). Subgroup analysis
showed that squat exercise (p<0.01), with low volumes of resistance exercise (p<0.05) and with

moderate/high intensity (p<0.001) reduces the blood pressure.

Conclusions: The results of this meta-analysis suggests that resistance exercise improves the vascular
function and decreases the blood pressure in rats. However, further studies are needed to better

understand the effects of different resistance exercise protocols on the cardiovascular system.

Keywords: meta-analysis; resistance exercise; arterial pressure.
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1. Introduction

Resistance exercise has been indicated as a coadjuvant in the blood pressure control in humans.
However, although a recent meta-analysis has showed a reduction of systolic/diastolic clinical pressures
in the general population after resistance exercise [1], there is no strong evidence of the efficacy of
resistance exercise on blood pressure reduction in hypertensive subjects. In addition, the effects of

resistance exercise on vascular function are still not fully understand.

Some preclinical studies have showed that resistance exercise can improve the vascular function
and decrease the blood pressure in healthy and diseased rats [2-7]. On the other hand, there are also
experimental studies indicating the lack of efficacy of resistance exercise in reducing blood pressure in
healthy rats [8,9]. These conflicting results may be related to the variables that make up the exercise
protocol, including the number of sets and repetitions, workload, number of sessions per week, exercise
duration, interval between sets and type of resistance exercise. In addition, other features in the
experiments may explain the different effects of the resistance exercise on the cardiovascular system,

such as the type of artery investigated and the animal health status.

The achievement of meta-analyses in the basic sciences is relatively new, but very promising to
point out future research directions. Moreover, the translational perspective of the meta-analysis favors
the guidelines for clinical studies and directs a more detailed analysis of the physiological adjustments
induced by resistance exercise in animal models. Currently, a practical guide to perform meta-analyses
with preclinical studies was published [10]. This meta-analysis was performed to evaluate the effects of

resistance exercise on the vascular function and blood pressure in rats.
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2. Methods

2.1. Search strategy

We searched on PubMed/Medline, Bireme, Embase, Lilacs, and Cochrane Library databases for
original studies that evaluated the effects of resistance exercise on vascular function and blood pressure in
rats. The search was performed in September 2014 and the following key words were used: “resistance
exercise” and “rats”. The search also included a hand search of cross-references from original articles and

reviews to identify additional studies that could not be located in the electronic databases.

2.2. Eligibility criteria

Two reviewers independently screened the search results and identified potentially relevant
studies based on titles and abstracts. Relevant studies were selected according to the eligibility criteria
and the full texts were accessed. Disagreements between the two reviewers were resolved by consensus or

by a third reviewer.

Only English full-text papers were considered for inclusion in this systematic review. Studies
must have characterized the resistance exercise by repetitions, sets and resting intervals. Studies involving
healthy rats or those with chronic diseases were also included in this systematic review. Studies involving

any other animal species or any other type of exercise such as aerobic exercises were excluded.

2.3. Outcomes

Our main outcomes of interest were the arterial relaxation induced by vasoactive agents and
mean blood pressure (MBP). The arterial relaxation was represented by vascular sensitivity (pD,), which
corresponds to the negative logarithm of the molar concentration of agonist that determines a response
equal to 50% of the maximal response (ECs;), and the maximal response (Rmax) which corresponds to
the maximal relaxant effect of the vasoactive agent. If the article does not present the MBP values, these
were calculated from the systolic and diastolic pressures (MBP= SBP + (DBPx2)/3). Any other required

information was requested via e-mail to the corresponding author of the original article.
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2.4. Data extraction

Data extraction was independently performed by two reviewers using a predefined protocol.
Disagreements between the two reviewers were also resolved by consensus or by a third reviewer. The
data were recorded considering the animal species, sample size, study group analysis, sample
characteristics, characterization of the exercise protocol, duration of the intervention, instruments, type of

artery, outcomes of vascular relaxation and MBP.

2.5. Quality assessment of included studies

The methodological quality of the included studies was assessed by two independent reviewers
following the criteria adapted by Van Drongelen et al. [11] and Schmidt et al. [12]: 1) randomization; 2)
compliance with animal welfare regulations; 3) aged and/or weight; 4) number of animals used per study;
5) drugs and reagents described in the methodology (manufacturer); 6) physiological responses of = 5
measurements per experiment; 7) monitoring of physiological parameters (temperature, blood pressure,
vascular reactivity, blood biochemical profile, morphology, cardiac function); 8) training protocol
described in the methodology; 9) animal familiarization with the training protocol; 10) one repetition
maximum test (1RM) or maximal load assessment. The studies were thus classified into 2 categories of

quality (category I, 6-10 items; high quality and category II, 0-5 items; low quality).

2.6. Statistical analysis

Post-intervention between-group effect sizes were pooled with the generic inverse variance
method using random-effect model and expressed as standardized mean difference (SMD), Hedges g,
with 95% confidence intervals (95% CI). Hedges g effect size is the between-group difference on the
post-intervention mean scores for the chosen outcome measure, divided by the pooled standard deviation
for entire sample, and then corrected for small study samples. For consistency in the direction of effect
sizes, positive values denote higher levels of pD, and Rmax with the resistance exercise. For the MBP,

negative values indicate a decrease in the blood pressure in the resistance group.

Forest plot was used to graphically present the pooled SMD and the 95% CI. Each study was
represented by a square in the plot, proportional to the study’s weight in the meta-analysis. Two-sided p-

values lower than 0.05 were considered statistically significant. Between-study heterogeneity was
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quantified using the I*-statistic [13] and a high degree of inconsi Yy was ¢ ed if values were

higher than 75%.

A priori subgroup analyses for the outcome of MBP were conducted based on health status
(healthy rats vs diseased rats), pressure measurement (indirect vs direct), type of exercise (squat vs ladder
adapted), volume of exercise (low vs high), exercise training intensity (low vs moderate/high), and
exercise duration (< 8 weeks vs > 8 weeks). Resistance exercise was characterized as low volume (< 10
series) and high volume (= 10 series) and the intensity was divided into low intensity (< 60% of 1RM)
and moderate/ high intensity (= 60% of 1RM). Stratification according to exercise duration was based on

the median value.

To examine the potential for publication bias, a funnel plot was created by plotting the
individual SMD against its standard error. In the absence of bias, larger and more precise studies are
plotted at the top, near the combined effect size, while smaller and less precise studies will show a wider
distribution below. In the presence of publication bias, smaller studies report larger effects in order to
exceed arbitrary significance thresholds. In this case, it suggests that studies that might have reported
negative results may not have been published [14]. In addition to the visual inspection of the funnel plot,
Egger’s linear regression test was performed to measure the funnel plot asymmetry [15]. The forest and
funnel plots were created using the Review Manager Analysis software (RevMan, version 5.2.1: The

Cochrane Collaboration, http://ims.cochrane.org/revman).
3. Results
3.1. Characteristics of included studies

Our search strategy found 1.072 articles about resistance exercise in rats (Figure 1). After the
initial screening, 1.055 articles were excluded and only 18 full-text articles were eligible. These studies
evaluated the effect of resistance exercise on the vascular function and blood pressure. Then, 5 articles
were excluded because the authors did not describe the numerical data of averages [5,16,17] or did not
evaluate the outcomes of interest for this systematic review [18,19]. For articles that did not describe the
numerical data in the results section, the authors were contacted via e-mail. In case of no response in 14

days, the study was excluded from our review [5,16,17]. Thus, this review included 13 studies for
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quantitative analysis related to vascular function (pD; and Rmax) and blood pressure [2-4,6-9,20-25]

(Figure 1). The characteristics of the studies included in this systematic review are shown in Table 1.

All studies were performed in healthy/diseased rats (Wistar, Sprague-Dawley, SHR and Fisher)
which were submitted to the resistance exercise ranging from a session up to 14 weeks of training. The
studies included showed high methodological quality, according to criteria adopted for this review (Class

I, 6-10 items; Table 2).

3.2. Effects of the resistance exercise on vascular response

The meta-analysis of the effects of resistance exercise on arterial sensitivity showed no changes
in pD; (Figure 2). On the other hand, the overall effect size of the resistance exercise showed an increased

in the Rmax (p=0.003) (Figure 3).

3.3. Effects of the resistance exercise on blood pressure

Our meta-analysis demonstrated that resistance exercise was effective in reducing MBP in
exercised animals (p< 0.01). Subgroup analysis showed a decrease in MPB in diseased rats (p<0.01). In
addition, both methods of measurements (indirect and direct) were effective in demonstrating changes in

blood pressure in the exercised animals (p< 0.01: p< 0.05, respectively; Table 3).

Regarding to the model and protocol of resistance exercise, this meta-analysis showed that the
squat exercise (p< 0.01), low-volume (p< 0.05) and moderate- / high-intensity- exercises (p< 0.001) were
effective in reducing the MBP (Table 3). Considering the exercise training period, the meta-analysis
indicates that the squat exercises were effective in reducing the MBP in the first 8 weeks of training (p<

0.001, Table 4).

3.4. Publication bias

We explored potential for publication bias for the reduction of MBP after the resistance exercise
using a funnel plot and Egger’s test. Visual inspection of the funnel plot reveals overt asymmetry due to
the presence of small-study effects (Figure 5). Egger’s regression test showed evidence for publication

bias (p = 0.001).
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4. Discussion

This systematic review and meta-analysis was composed by 13 high-quality methodological
studies that demonstrated the efficacy of resistance exercise training in the improvement of arterial
vasodilation and reduction of blood pressure in rats. Basic science has made efforts in the development of
devices that mimic the performance of resistance exercise in animals [26]. The most common resistance
exercise models to assess cardiovascular function in rats are the squat exercise and stair-climbing protocol
[27,28]. Recently, some studies have demonstrated the efficacy of resistance exercise in promoting
beneficial cardiovascular adjustments in healthy, diabetic and hypertensive rats [2-7]. Nevertheless, the
effects of resistance exercise on cardiovascular parameters in humans and animals are not fully

understood.

It is described that exercise-induced vascular stress releases vasoactive substances that regulate
vascular tone [29]. The vascular function, represented by pD, and Rmax, can be assessed in isolated
vessels via concentration-response curves induced by agonists, such as acetylcholine, insulin and sodium
nitroprusside [2-4,7]. We observed in this meta-analysis that resistance exercise does not affect pD; in the
vascular relaxation induced by acetylcholine and nitroprusside. However, Faria et al. [7] demonstrated
greater acetylcholine-induced vascular sensitivity in hypertensive rats that performed a resistance exercise
session with 20 sets of 15 repetitions and 50% of the maximal voluntary contraction. Similarly, a study
performed by Araujo et al. [4] showed that four weeks of resistance exercise with 3 sets of 10 repetitions
with 50% of the maximal voluntary contraction increased arterial sensitivity induced by nitroprusside in
hypertensive animals. This evidence is not conclusive and further studies are needed to evaluate the effect

on endothelium-dependent and endothelium-independent vascular sensitivity in different animal models.

In a previous systematic review, Jasperse and Laughlin [30] concluded that aerobic exercise does
not increase vascular function in healthy rats, but can reverse the endothelial dysfunction that
accompanies various diseases. The present study shows that resistance exercise can increase vascular
function induced by insulin and acetylcholine in healthy animals and those with hypertension and/or
diabetes. An interesting fact is that some studies included in our meta-analysis observed vasodilation in
the mesenteric artery and tail artery, which are not directly involved with the blood flow of the exercised
muscles. These results indicate that resistance exercise seems to promote a generalized vascular effect,

which directly contributes to the control of the blood pressure [2,3,7].
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The results of our meta-analysis reinforce the fact that resistance exercise in general reduces
MBP in rats and may be an important tool to understand blood pressure control mechanisms. The
subgroup analysis indicated that the effects of lowering blood pressure through the resistance exercise are
more evident in diseased animals and using either direct or indirect methods. In addition, we showed that
the squat exercise model for rats developed by Tamaki [27] was more efficient in increasing vascular
function and lowering blood pressure in rats. In this exercise model, the animal performs the movement
by electrical stimulation. Studies have showed that the electrical stimulation parameters adopted by
Tamaki do not interfere in vascular, hemodynamic, morphological and hormonal parameters involving
the cardiovascular system [2,5,6]. Recently, a new resistance exercise model for rats composed by sound
devices, light and feeding to induce the animal to perform the movement was developed [31]. Taking into
account the limitations in extrapolating the basic science results, we must improve the translation of the
results for the clinical studies using models and resistance exercise programs that are similar to that

performed in humans,

Subgroup analysis showed that resistance exercises with low volume, high intensity and duration
of up to 8 weeks reduced the MBP in rats. In humans, recent scientific evidence indicates that high-
intensity resistance exercise appears to be effective in lowering blood pressure in healthy young and
hypertensive elderly [32,33]. In contrast, another study showed that low-resistance exercise intensities led
to changes in blood pressure without clinical relevance in men with and without hypertension [34].
Currently, it seems that moderate/high intensities can contribute for the blood pressure reduction in both
humans and animals [5-7,32,33]. Unfortunately, we were unable to perform a meta-regression analysis in
order to explain the high between-study heterogeneity and better understood the influence of different

protocols of resistance exercise on the blood pressure.

For some years, resistance exercise in humans was contraindicated in the treatment of
cardiovascular disorders. Nowadays, considering that aerobic training is well established in the literature
in the reduction of blood pressure in hypertensive individuals, some authors suggested that the resistance
exercise should be performed in association with aerobic exercise [35-37]. In this way, the results of the
present study may contributed to the knowledge of effects of resistance exercise on the cardiovascular

system.
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4.1. Study limitations

Although this is the first systematic review and meta-analysis to investigate the effects of the
resistance exercise on the cardiovascular parameters in rats, there are some limitations. First, despite the
efforts that were made to capture all available published studies, a potential for publication bias was
observed for the MBP outcome. However, a recent meta-analysis indicated that publication bias may be
quite common in preclinical studies [38]. Second, a small number of studies that assessed the pD, and
Rmax on the vascular response were included, and it was not possible to perform a subgroup analysis
according to the volume, intensity, frequency, duration, type of resistance exercise, type of artery and
animal health. In addition, the influence of the weekly frequency of resistance exercise on MBP was not
evaluated. Finally, we were unable to perform a meta-regression to explore potential sources of
heterogeneity and better understood the influence of different protocols of resistance exercise on the
blood pressure. Despite these limitations, this systematic review and meta-analysis can be used as a
possible tool for design of new preclinical studies to evaluate the cardiovascular adjustments provided the

resistance exercise.

5. Conclusion

The results of this meta-analysis suggest that resistance exercise improves the vascular function
and reduces blood pressure in rats. Although subgroup analyses for MBP have indicated that resistance
exercise is more effective in reducing blood pressure in diseased rats, using a squat apparatus, with low
volume, moderate to high intensity, and in 8 weeks of training, more evidence is needed for a better

understanding of the effects of resistance exercise on the cardiovascular system.
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Figure captions

Figure 1. Flow chart of the search strategy and selection of articles

Figure 2. Effects of the resistance exercise on the vascular sensitivity. The effects of the resistance
exercise made in pD, are described as SMD and its 95% CI. The subgroup analyses indicate the
effectiveness of the resistance exercise in the activation of relaxation by agonists. * Even study with

different agonists; # Healthy group (sedentary vs exercised); ## Diseased group (sedentary vs exercised).

Figure 3. Effects of the resistance exercise on the maximal vascular response. The effects of the
resistance exercise made in Rmax are described as SMD and its 95% CI. The subgroup analyses indicate
the effectiveness of the resistance exercise in the activation of relaxation by agonists. * Even study with

different agonists; # Healthy group (sedentary vs exercised); ## Diseased group (sedentary vs exercised).

Figure 4. Effects of the resistance exercise on blood pressure. The effects of the resistance exercise made
in MBP are described as SMD and its 95% CI. # Healthy group (sedentary vs exercised); ## Diseased

group (sedentary vs exercised).

Figure 5. Funnel plot of publication bias for the reduction of mean blood pressure.

Table captions

Table 1. Characteristics of included studies.

Table 2. Quality assessment of included studies.

Table 3. Subgroup analysis for mean blood pressure.

Table 4. Subgroup analysis according to exercise duration for mean blood pressure.
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Table1
Table 1.
First Author/ Rat Resistance Physiological Duration/ Vol / Intensitv/
Year of (Species/ Mode) exercise variable Frequency DRu::“ n eposcllty
Publication (Mode) measurements (days/ week) esting pen
Araujo et al., 2013 Wistar (M, hypertensive) Squat Vascular function, 4 weeks/ 3 days 3x10/ 50%/ 60 s
blood pressure
Barauna et al., 2008 Wistar (M, health) Squat Blood pressure 8 weeks/ 5 days 4x12/ 65-75%/ 90 s
de Cassia et al., 2008 Wistar (M, health) Squat Blood pressure 8 weeks/ 5 days 5x12/ 60 and 75%/ 90 s
Faria et al., 2010 SHR (M, hypertensive) Squat Vascular function, Single session 20x15/ 50%/ 60 s
blood pressure
Figard et al., 2006 Sprague—Dawley (F, Isometric Vascular function 14 weeks/ 5 days Duration and intensity
ovariectomy)
strength were gradually increased
Fontes et al., 2014 Wistar (M, health) Squat Vascular function Single session 15x10/ 70%/ 180 s
Grans et al., 2014 Wistar (M, health) Ladder Blood pressure 12 weeks/ 5 days 15 climbings per session/
adapted 40-60%/ 60 s
Harris et al., 2010 Fisher (M, health) Ladder Vascular function 6 weeks/ 3 days 6-8 climbings per



Leite et al., 2013 Wistar (M, health and
obese)
Lizardo et al., 2008 SHR (M, hypertensive)
Mostarda et al., 2014 Wistar (M, health and
diabetic)
Mota et al., 2014 Wistar (M, diabetic)
Silveira et al., 2011 Wistar (F, ovariectomy)

adapted

Ladder

adapted

Squat

Squat

Squat

Ladder

adapted

Blood pressure

Blood pressure

Blood pressure

WVascular function,

blood pressure

Blood pressure

44

session/ 50%/ 120 s

12 weeks/ 3 days 4 climbings per session/

50%, 75%, 90% and

100%/ 120 s
Single session 20x10/ 70%/ 120 s
10 weeks/ did not 4x20/ 40%/ 90 s,
find
and sixth to tenth week,
4x30/ 40%/ 90 s
8 weeks/ 3 days 3x10/ 50%/ 60 s
10 weeks/ 3 days 6-7 climbings per

session/ 7/ 120 s

M, male; F, female; s, second.
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Table 2.

Study 1 2 3 4 5 6 7 8 10 Score/ %
Araujo et al., 2013 - + + + + - + + + 8/ 80%
Barauna et al., 2008 - + - + + + + + + 8/ 80%
de Cissia et al., 2008 + + + + + + + + + 10/100%
Faria et al., 2010 + + + - + + + + + 9/ 90%
Figard et al., 2006 + + + + + + + + - 8/ 80%
Fontes et al., 2014 + + + + - + - + + 8/ 80%
Grans et al., 2014 + + + + - + + + + 9/ 90%
Harris et al., 2010 - + + + - + + + + 7 70%
Leite et al., 2013 + + + + + o+ + + + 10/ 100%
Lizardo et al., 2008 + + + + - + . + + 7170%
Mostarda et al., 2014 + + + + + + + + + 9/ 90%
Mota et al., 2014 - + + + + + + + + 9/ 90%
Silveira et al., 2011 - e - - - - + + - 7 70%

(category I, 6-10 items; high quality and category Il, 0-5 items; low quality)
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Table 3.
Subgroups Exercise groups I’ (%) SMD (95% CI)

Health status

Healthy rats 6 68 -0.41(-1.15,0.33)

Diseased rats 8 84 -1.58 (-2.67,-0.49)**
Pressure measurement

Indirect (tail cuff) 3 0 1,92 (-2.69,-1.15)***

Direct (intra-arterial) 11 81 20.78 (-1.54,-0.02)*
Type of exercise

Squat 8 82 -1.45 (-2.46,-0.44)**

Ladder adapted 6 75 -0.52 (-1.39,0.36)
Volume

Low 10 79 -0.97 (-1.76,-0.19)*

High 4 87 -1.19 (-2.75,0.36)
Intensity

Low 7 83 -0.94 (-2.04,0.15)

Moderate/high 5 47 -1.61 (-2.31,-0.92)***

I*-statistic: Heterogeneity; SMD: Standardized Mean Difference.
#p<0.05; **p<0.01; ***p<0.001*p<0.05; **p<0.01; ***p<0.001



Tabled

Table 4.
Type of exercise Exercise duration Exercise groups I (%) SMD (95% CI)
Squat < 8 weeks - 66 -2.02 (-3.18,-0.87)***
> 8 weeks - 86 -0.90 (-2.37,0.56)
Ladder adapted < 8 weeks 0 Not applicable Not estimable
> 8 weeks 6 75 -0.52 (-1.39,0.36)

IP-statistic: Heterogeneity; SMD: Standardized Mean Difference.
*p<0.05; **p<0.01; ***p<0.001
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6. CONCLUSAO

O exercicio resistido aumenta a Rmax (vascular) em ratos. Nas andlises de subgrupo
para a PAM os resultados indicam que o exercicio resistido ¢ mais eficaz em reduzir a pressao

arterial de:

- Ratos doentes que executaram o exercicio de agachamento com baixo volume,

intensidade de moderada/alta e uma duragao de até 8 semanas de treinamento.

7. PERSPECTIVAS

As perspectivas para os resultados da presente tese € que possam auxiliar na translagdo
do conhecimento pré-clinico para o desenvolvimento de novos estudos clinicos. Os estudos
pré-clinicos com o exercicio fisico ¢ uma pratica relativamente nova e sd3o importantes para
identificar os mecanismos que envolvem a prevengdo e o tratamento das doencgas
cardiovasculares. Futuros estudos pré-clinicos com métodos mais homogénios sdo necessarios
para a compreensdo dos efeitos do exercicio resistido no sistema cardiovascular. Dentro desta
perspectiva, as revisdes sistematicas com meta-analise podem ser uma importante ferramenta
metodoldgica para direcionar os estudos experimentais e clinicos que envolvem o exercicio

fisico.
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GUIDE FOR AUTHORS

Introduction

The International Journal of Cardiology is a global journal of cardiology, cardio-metabolic and
vascular sciences. Articles reporting clinical observations and interventions, experimental studies and
theoretical concepts are all welcome provided they are of major scientific importance and clinical
relevance. The journal covers all aspects of cardiology from genes to populations. The journal
commissions high quality review articles from distinguished authors; unsolicited reviews will also be
considered and will be subject to peer review. Letters to the editor are welcome. Case reports can only
be considered if formatted as a letter. Submission of a manuscript to this journal gives the publisher
the right to publish that paper if it is accepted. Manuscripts may be edited to improve clarity and
expression

TYPES OF MANUSCRIPT

The journal invites Original Articles, Reviews, Editorials and Letters to the Editor. Case Reports will
be considered only in the form of Letters to the Editor. Please follow the instructions relevant to type
of manuscript being submitted. If the article to be submitted reports a randomized trial the authors
are requested to consult the CONSORT (Consolidated Standards of Reporting Trials) Statement (see
web link www.consort-statement.org) for advice on specific features of the trial to report on in the
manuscript.

1. ORIGINAL ARTICLES

Original Articles should report original research not previously published or being considered for
publication elsewhere, meeting high standards of scientific integrity. There is no maximum word count.
The standard layout is given below. Layout Of Original Articles

Divide the manuscript into the following sections: Title page, Structured Abstract, Key words (3-6),
Introduction, Methods, Results, Discussion, Acknowledgments, References. The editors will consider
the use of other sections if more suitable for certain manuscripts. Type double-spaced. The Title Page
should include: 1. The title (not to exceed 25 words) 2. The full list of authors and for each author
a numbered footnote. The footnote should state the author's academic affiliation and the following
statement of authorship: "This author takes responsibility for all aspects of the reliability and freedom
from bias of the data presented and their discussed interpretation". Any author unable to make
this statement must instead state their specific contribution to the manuscript. 3. Corresponding
author and contact details 4. Acknowledgement of grant support 5. Any potential conflicts of interest,
including related consultancies, shareholdings and funding grants 6. A list of up to 6 keywords The
Next Page Should Include:

A Structured Abstract, of no more than 250 words. As this may be the only part of the article read
by some readers it must include sufficient detail for an adequate summary of the whole manuscript.
The preferred subheadings are Background, Methods, Results and Conclusions, although a merged
Methods and Results subheading is also permitted if this permits more economical expression. The
Next Page should commence the main article subdivided into the following sections:

The Introduction should be brief and set out why the study has been performed along with a review
of relevant previous work only where essential.

The Methods should be sufficiently detailed so that readers and reviewers can understand precisely
what has been done. Standard methods can be referenced. Manuscripts reporting data obtained from
research conducted in human subjects must include a statement of assurance in the Methods section
of the manuscript that (1) informed consent was obtained from each patient and (2) the study protocol
conforms to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a priori approval
by the institution's human research committee. Manuscripts reporting experiments using animals
must include a statement giving assurance that all animals received humane care and that study
protocols comply with the institution's guidelines.
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A Statistical Methods Section must be included where relevant. This should include the statistical
methods used with sufficient clarity for the findings to be reproduced by independent analysis of the
dataset, a statement on how the data presented were selected including prospective sample size
calculations, the reasons for including/excluding subjects or data points, and what steps the authors
have taken, if any, to exclude intentional or unintentional bias in recruitment, measurement, data
retention, analysis, reporting and comment.

The Results should be presented precisely. Keep discussion of their importance to a minimum in this
section of the manuscript. Present 95% confidence intervals with p values. When describing normal
distributions, denote the standard deviation explicitly, e.g. with the abbreviation SD, rather than a +
sign. When describing uncertainty of a mean, denote the standard error of the mean explicitly, e.g.
with the abbreviation SEM, rather than a % sign. It is a condition of final acceptance of manuscripts,
for the purpose of scientific integrity, that for each figure, raw numerical values should be uploaded
in an Online Data Supplement. These supplement files should be one or more standard spreadsheet
files. Raw x and y values for all scatterplots should be given. For bar charts and histograms, underlying
raw values and categories should be given. For each Kaplan-Meier survival curve, for each patient a
time-to-event-or-censoring and censor status should be given. Authors may additionally optionally
upload comprehensive numerical datasets of the study.

The Discussion should directly relate to the study being reported rather than a general review of
the topic.

A Study limitations subsection must be included and should disclose any reasons the findings may
not be applicable more broadly.

Conclusions should be limited to a brief summary and the implications of the data presented.

References Discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links within ScienceDirect and to abstracting and
indexing services, such as Scopus, CrossRef or PubMed, please ensure that data provided in the
references are correct. Please note that incorrect surnames, journal/book titles, publication year and
pagination may prevent the link creation. When copying references, please be careful as they may
already contain an error.

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Author(s) name(s), journal title/book title, chapter
title/article title, year of publication, volume and issue/book chapter and the pagination must be
present. The reference style used by the journal will be applied to the accepted article by Elsevier at
the proof stage. Note that incorrect or missing data will be highlighted at proof stage for the author
to correct.The reference style used by this journal is Vancouver Numbered. If you do wish to format
the references yourself they should be arranged according to the following examples Examples: [1]
De Soyza N, Thenabadu PN, Murphy ML, Kane 1], Doherty JE. Ventricular arrhythmia before and
after aortocoronary bypass surgery. Int J Cardiol 1981; 1:123-130. [2] Akutsu T. Artificial heart:
total replacement and partial support. Amsterdam: Elsevier/North-Holland, 1975. [3] Goldman RH.
Digitalis toxicity. In: Bristow MR, editors. Drug-induced heart disease. Amsterdam: Elsevier/North-
Holland, 1980:217-40.

Please note that all authors should be listed when six or less; when seven or more, list only the
first three and add et al. Do not include references to personal communications, unpublished data or
manuscripts either "in preparation" or "submitted for publication". If essential, such material may be
incorporated into the appropriate place in the text. Recheck references in the text against reference
list after your manuscript has been revised.

Tables should be typed with double spacing and each should be on a separate sheet. They should
be numbered consecutively with Arabic numerals, and contain only horizontal lines. Provide a short
descriptive heading above each table with footnotes and/or explanations underneath. Figures should
ideally be submitted in high-resolution TIF format, or alternatively in GIF, JPEG/]PG, or EPS format.
The figures should be placed in separate files, named only with the figure numbers (e.g. "Figurel.tif".)
The cost of colour figures will be paid by the author.
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Please ensure figures have the appropriate resolution: Line art: 1000 dpi Halftones: 300 dpi
Combinations: 500 dpi Colour: 300 dpi Colour combinations: 500 dpi.

Figures can appear in colour in the online journal at no additional cost to the author, but if the author
requires the paper journal to show the figures in colour there is an additional cost to pay.

For further information on the preparation of electronic artwork, please see
http://authors.elsevier.com/artwork. Legends for Figures should be typed with double-spacing on a
separate sheet.

For each and every gene accession number cited in an article, authors should type the accession
number in bold, underlined text. Letters in the accession number should always be capitalised.
Example: (GenBank accession nos. AI631510, AI631511, AI632198, and BF223228,) a B-cell tumor
from a chronic lymphatic leukemia (GenBank accession no. BE675048,) and a T-cell lymphoma
(GenBank accession no. AA361117).

2. REVIEW ARTICLES Reviews of recent developments are welcome, and will undergo peer review.
Reviews should have an unstructured abstract of up to 250 words. Authors are encouraged to use
section headings for ease of reading. They do not have an introduction, methods, results or discussion
sections. Type double-spaced. For instructions on references and figures please refer to the section
on original manuscripts.

3. EDITORIALS Editorials are written on invitation but unsolicited topical commentaries of interest of
maximum 1500 words will also be welcomed for consideration. Editorials should have an unstructured
abstract of up to 250 words and a maximum of 12 references and 2 figures/tables. They do not
have an introduction, methods, results or discussion sections. Type double-spaced. For instructions
on references and figures please refer to the section on original manuscripts.

4. LETTERS TO THE EDITOR Readers are encouraged to write about any topic that relates to
cardiology: clinical, scientific, educational, social or economic and may include discussions on material
previously printed in the Journal. The International Journal of Cardiology publishes Letters to the
Editor as either printed pages or in the on-line correspondence section. On-line letters will have a
volume/issue and e-number and will be citable and searchable via Medline. Authors will be informed
at the time of acceptance as to the publication format for their letters. Case Reports will only be
considered if formatted as a letter.

Letters may include up to 1000 words, 2 figures/tables and 10 references. These should have no
abstract and no sub-headings. Type double-spaced. If the letter contains original research findings
a short description of methods, results and conclusions is required. Letters reporting data obtained
from research conducted in human subjects must include a statement of assurance that (1) informed
consent was obtained from each patient and (2) the study protocol conforms to the ethical guidelines
of the 1975 Declaration of Helsinki as reflected in a priori approval by the institution's human
research committee. Letters reporting experiments using animals must include a statement giving
assurance that all animals received humane care and that study protocols comply with the institution's
guidelines.

The International Journal of Cardiology is a fully electronic journal. All manuscripts MUST be submitted
via the Internet to the following Elsevier website: http://www.ees.elsevier.com/ijc/. DO NOT email
the manuscript to the journal or editors.

Author Agreement Form All authors and contributors must submit a form stating their role in the
article. This form is available to download directly from the last screen in the submission process. The
International Journal of Cardiology requires all authors to sign this form. Articles will not be published
until these are received.

Changes to Authorship This policy concerns the addition, deletion, or rearrangement of author names
in the authorship of accepted manuscripts: Before the accepted manuscript is published in an online
issue: Requests to add or remove an author, or to rearrange the author names, must be sent to the
Journal Manager from the corresponding author of the accepted manuscript and must include: (a)
the reason the name should be added or removed, or the author names rearranged and (b) written
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signed confirmation from ALL authors that they agree with the addition, removal or rearrangement.
In the case of addition or removal of authors, this includes confirmation from the author being added
or removed. Requests that are not sent by the corresponding author will be forwarded by the Journal
Manager to the corresponding author, who must follow the procedure as described above.

Note that: (1) Journal Managers will inform the Journal Editors of any such requests and (2) publication
of the accepted manuscript in an online issue is suspended until authorship has been agreed. After
the accepted manuscript is published in an online issue: Any requests to add, delete, or rearrange
author names in an article already published online must follow the same policies as noted above. If
accepted, the change will be noted by the publication of a corrigendum.

Preparation of supplementary data International Journal of Cardiology publishes electronic
supplementary material to enhance your scientific research presentation, increase transparency, and
support scientific integrity. It is required that raw data for figures should be presented, and the author
is invited voluntarily to publish in full the detailed dataset of the study. Supplementary files may also
include supporting applications, movies, animation sequences, high-resolution images, background
datasets, sound clips or other helpful items. Supplementary files supplied will be published online
alongside the electronic version of your article in Elsevier web products, including ScienceDirect:
http://www.sciencedirect.com.

Audio Slides The journal encourages authors to create an AudioSlides presentation with their published
article. AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words and
to help readers understand what the paper is about. More information and examples are available at
http://www.elsevier.com/audioslides. Authors of this journal will automatically receive an invitation
e-mail to create an AudioSlides presentation after acceptance of their paper.

Language Editing The language of the Journal is English. International Science Editing and Asia
Science Editing can provide English language and copyediting services to authors who want
to publish in scientific, technical and medical journals and need assistance before they submit
their article or, before it is accepted for publication. Authors can contact these services directly:
International Science Editing (http://www.internationalscienceediting.com) and Asia Science Editing
(http://www.asiascienceediting.com) or, for more information about language editing services, please
contact authorsupport@elsevier.com who will be happy to deal with any guestions.

Page Charges will not be levied.

BEFORE YOU BEGIN

For information on Ethics in publishing and Ethical guidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

If the work involves the use of animal or human subjects, the author should ensure
that the work described has been carried out in accordance with The Code of Ethics of
the World Medical Association (Declaration of Helsinki) for experiments involving humans
http://www.wma.net/en/30publications/10policies/b3/index.html; EU Directive 2010/63/EU for
animal experiments http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm;
Uniform Requirements for manuscripts submitted to Biomedical journals http://www.icmje.org.
Authors should include a statement in the manuscript that informed consent was obtained for
experimentation with human subjects. The privacy rights of human subjects must always be observed.

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential conflicts of interest
include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. If there are no conflicts of interest then
please state this: 'Conflicts of interest: none'. See also http://www.elsevier.com/conflictsofinterest.
Further information and an example of a Conflict of Interest form can be found at:
http://help.elsevier.com/app/answers/detail/a_id/286/p/7923.
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Conflict of interest statements for authors

All authors are requested to disclose any actual or potential conflict of interest including any financial,
personal or other relationships with other people or organizations within three years of beginning the
submitted work that could inappropriately influence, or be perceived to influence, their work. See
also http://www.elsevier.com/conflictsofinterest.

The International Journal of Cardiology requires full disclosure of all potential conflicts of interest.
Please download the disclosure from the submission site, http://ees.elsevier.com/ijc/default.asp at
the 'Attach Files' stage of manuscript submission

Potential Conflicts of Interest Related to Individual Authors' Commitments When authors submit a
manuscript, whether an article or a letter, they are responsible for disclosing all financial and personal
relationships that might bias their work. To prevent ambiguity, authors must state explicitly whether
potential conflicts do or do not exist.

Further information and an example of a Conflict of Interest form can be found at:
http://help.elsevier.com/app/answers/detail/a_id/286/p/7923

Submission of an article implies that the work described has not been published previously (except
in the form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication
elsewhere, that its publication is approved by all authors and tacitly or explicitly by the responsible
authorities where the work was carried out, and that, if accepted, it will not be published elsewhere
in the same form, in English or in any other language, including electronically without the written
consent of the copyright-holder. To verify originality, your article may be checked by the originality
detection service CrossCheck http://www.elsevier.com/editors/plagdetect.

Each author is required to declare his or her individual contribution to the article: all authors must have
materially participated in the research and/or article preparation, so roles for all authors should be
described. The statement that all authors have approved the final article should be true and included
in the disclosure.

All authors should have made substantial contributions to all of the following: (1) the conception and
design of the study, or acquisition of data, or analysis and interpretation of data, (2) drafting the
article or revising it critically for important intellectual content, (3) final approval of the version to
be submitted.

This policy concerns the addition, deletion, or rearrangement of author names in the authorship of
accepted manuscripts:

Before the accepted manuscript is published in an online issue: Requests to add or remove an author,
or to rearrange the author names, must be sent to the Journal Manager from the corresponding author
of the accepted manuscript and must include: (a) the reason the name should be added or removed,
or the author names rearranged and (b) written confirmation (e-mail, fax, letter) from all authors that
they agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed. Requests that are not sent by
the corresponding author will be forwarded by the Journal Manager to the corresponding author, who
must follow the procedure as described above. Note that: (1) Journal Managers will inform the Journal
Editors of any such requests and (2) publication of the accepted manuscript in an online issue is
suspended until authorship has been agreed.

After the accepted manuscript is published in an online issue: Any requests to add, delete, or rearrange
author names in an article published in an online issue will follow the same policies as noted above
and result in a corrigendum.

In line with the position of the International Committee of Medical Journal Editors, the journal will not
consider results posted in the same clinical trials registry in which primary registration resides to be
prior publication if the results posted are presented in the form of a brief structured (less than 500

AUTHOR INFORMATION PACK 23 Dec 2014 www.elsevier.com/locate/ijcard 8

60



words) abstract or table. However, divulging results in other circumstances (e.g., investors' meetings)
is discouraged and may jeopardise consideration of the manuscript. Authors should fully disclose all
posting in registries of results of the same or closely related work.

Randomized controlled trials should be presented according to the CONSORT guidelines. At manuscript
submission, authors must provide the CONSORT checklist accompanied by a flow diagram that
illustrates the progress of patients through the trial, including recruitment, enrollment, randomization,
withdrawal and completion, and a detailed description of the randomization procedure. The CONSORT
checklist and template flow diagram can be found on http://www.consort-statement.org.

Registration in a public trials registry is a condition for publication of clinical trials in this journal in
accordance with International Committee of Medical Journal Editors (ICMIE, http://www.icmje.org)
recommendations. Trials must register at or before the onset of patient enrolment. The clinical trial
registration number should be included at the end of the abstract of the article. A clinical trial is
defined as any research study that prospectively assigns human participants or groups of humans
to one or more health-related interventions to evaluate the effects of health outcomes. Health-
related interventions include any intervention used to modify a biomedical or health-related outcome
(for example drugs, surgical procedures, devices, behavioural treatments, dietary interventions,
and process-of-care changes). Health outcomes include any biomedical or health-related measures
obtained in patients or participants, including pharmacokinetic measures and adverse events. Purely
observational studies (those in which the assignment of the medical intervention is not at the
discretion of the investigator) will not require registration.

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is more
suitable in one of our other participating journals, then you may be asked to consider transferring the
article to one of those. If you agree, your article will be transferred automatically on your behalf with
no need to reformat. Please note that your article will be reviewed again by the new journal. More
information about this can be found here: http://www.elsevier.com/authors/article-transfer-service.

This journal offers authors a choice in publishing their research: Open access and Subscription.

For subscription articles

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (for
more information on this and copyright, see http://www.elsevier.com/copyright). An e-mail will be
sent to the corresponding author confirming receipt of the manuscript together with a 'Journal
Publishing Agreement' form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations
(please consult http://www.elsevier.com/permissions). If excerpts from other copyrighted works are
included, the author(s) must obtain written permission from the copyright owners and credit the
source(s) in the article. Elsevier has preprinted forms for use by authors in these cases: please consult
http://www.elsevier.com/permissions.

For open access articles

Upon acceptance of an article, authors will be asked to complete an ‘'Exclusive License
Agreement' (for more information see http://www.elsevier.com/OAauthoragreement). Permitted
reuse of open access articles is determined by the author's choice of user license (see
http://www.elsevier.com/openaccesslicenses).

Retained author rights

As an author you (or your employer or institution) retain certain rights. For more information on
author rights for:

Subscription articles please see
http://www.elsevier.com/journal-authors/author-rights-and-responsibilities.

Open access articles please see http://www.elsevier.com/OAauthoragreement.
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You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Elsevier has established agreements and developed policies to allow authors whose articles appear in
journals published by Elsevier, to comply with potential manuscript archiving requirements as specified
as conditions of their grant awards. To learn more about existing agreements and policies please visit
http://www.elsevier.com/fundingbodies.

This journal offers authors a choice in publishing their research:

Open access

» Articles are freely available to both subscribers and the wider public with permitted reuse

* An open access publication fee is payable by authors or their research funder

Subscription

« Articles are made available to subscribers as well as developing countries and patient groups through
our access programs (http://www.elsevier.com/access)

* No open access publication fee

All articles published open access will be immediately and permanently free for everyone to read
and download. Permitted reuse is defined by your choice of one of the following Creative Commons
user licenses:

Creative Commons Attribution-NonCommercial-ShareAlike (CC BY-NC-SA): for non-
commercial purposes, lets others distribute and copy the article, to create extracts, abstracts and
other revised versions, adaptations or derivative works of or from an article (such as a translation),
to include in a collective work (such as an anthology), to text and data mine the article, as long as
they credit the author(s), do not represent the author as endorsing their adaptation of the article, do
not modify the article in such a way as to damage the author's honor or reputation, and license their
new adaptations or creations under identical terms (CC BY-NC-SA).

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND): for non-
commercial purposes, lets others distribute and copy the article, and to include in a collective work
(such as an anthology), as long as they credit the author(s) and provided they do not alter or modify
the article.

Elsevier has established agreements with funding bodies, http://www.elsevier.com/fundingbodies.
This ensures authors can comply with funding body open access requirements, including specific user
licenses, such as CC BY. Some authors may also be reimbursed for associated publication fees. If
you need to comply with your funding body policy, you can apply for the CC BY license after your
manuscript is accepted for publication.

To provide open access, this journal has a publication fee which needs to be met by the authors or
their research funders for each article published open access.

Your publication choice will have no effect on the peer review process or acceptance of submitted
articles.

The open access publication fee for this journal is USD 3000, excluding taxes. Learn more about
Elsevier's pricing policy: http://www.elsevier.com/openaccesspricing.

Please write your text in good English (American or British usage is accepted, but not a
mixture of these). Authors who feel their English language manuscript may require editing
to eliminate possible grammatical or spelling errors and to conform to correct scientific
English may wish to use the English Language Editing service available from Elsevier's
WebShop (http://webshop.elsevier.com/languageediting/) or visit our customer support site
(http://support.elsevier.com) for more information.
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Studies on patients or volunteers require ethics committee approval and informed consent, which
should be documented in the paper. Appropriate consents, permissions and releases must be obtained
where an author wishes to include case details or other personal information or images of patients and
any other individuals in an Elsevier publication. Written consents must be retained by the author and
copies of the consents or evidence that such consents have been obtained must be provided to Elsevier
on request. For more information, please review the Elsevier Policy on the Use of Images or Personal
Information of Patients or other Individuals, http://www.elsevier.com/patient-consent-policy. Unless
you have written permission from the patient (or, where applicable, the next of kin), the personal
details of any patient included in any part of the article and in any supplementary materials (including
all illustrations and videos) must be removed before submission.

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submit your article
Please submit your article via http://ees.elsevier.com/ijc.

Please submit the names and institutional e-mail addresses of several potential referees. For more
details, visit our Support site. Note that the editor retains the sole right to decide whether or not the
suggested reviewers are used.

PREPARATION

It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word
processor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts
(see also the Guide to Publishing with Elsevier: http://www.elsevier.com/guidepublication). Note that
source files of figures, tables and text graphics will be required whether or not you embed your figures
in the text. See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant modifications should be described.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents a
practical development from a theoretical basis.

Results
Results should be clear and concise.
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Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

+ Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

¢ Author names and affiliations. Where the family name may be ambiguous (e.g., a double name),
please indicate this clearly. Present the authors' affiliation addresses (where the actual work was
done) below the names. Indicate all affiliations with a lower-case superscript letter immediately after
the author's name and in front of the appropriate address. Provide the full postal address of each
affiliation, including the country name and, if available, the e-mail address of each author.

* Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that phone numbers (with country and area
code) are provided in addition to the e-mail address and the complete postal address.
Contact details must be kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. See http://www.elsevier.com/graphicalabstracts for examples.

Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best
presentation of their images and in accordance with all technical requirements: Illustration Service.

Highlights are a short collection of bullet points that convey the core findings of the article. Highlights
are optional and should be submitted in a separate editable file in the online submission system.
Please use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters,
including spaces, per bullet point). See http://www.elsevier.com/highlights for examples.

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.
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Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.

Present simple formulae in the line of normal text where possible and use the solidus (/) instead of
a horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to be presented in
italics. Powers of e are often more conveniently denoted by exp. Number consecutively any equations
that have to be displayed separately from the text (if referred to explicitly in the text).

Footnotes should be used sparingly. Number them consecutively throughout the article, using
superscript Arabic numbers. Many wordprocessors build footnotes into the text, and this feature may
be used. Should this not be the case, indicate the position of footnotes in the text and present the
footnotes themselves separately at the end of the article. Do not include footnotes in the Reference
list.

Electronic artwork

General points

* Make sure you use uniform lettering and sizing of your original artwork.

* Embed the used fonts if the application provides that option.

* Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.

¢ Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

» Size the illustrations close to the desired dimensions of the printed version.

¢ Submit each illustration as a separate file.

A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

« Supply files that are too low in resolution;

* Submit graphics that are disproportionately large for the content.
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Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear in
color on the Web (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or on the Web only. For further information on the
preparation of electronic artwork, please see http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications that can arise by converting color figures to 'gray
scale' (for the printed version should you not opt for color in print) please submit in addition usable
black and white versions of all the color illustrations.

Elsevier's WebShop (http://webshop.elsevier.com/illustrationservices) offers Illustration Services
to authors preparing to submit a manuscript but concerned about the quality of the images
accompanying their article. Elsevier's expert illustrators can produce scientific, technical and medical-
style images, as well as a full range of charts, tables and graphs. Image 'polishing' is also available,
where our illustrators take your image(s) and improve them to a professional standard. Please visit
the website to find out more.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Number tables consecutively in accordance with their appearance in the text. Place footnotes to tables
below the table body and indicate them with superscript lowercase letters. Avoid vertical rules. Be
sparing in the use of tables and ensure that the data presented in tables do not duplicate results
described elsewhere in the article.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is encouraged.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The actual authors
can be referred to, but the reference number(s) must always be given.

Example: "..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different result ...."
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List: Number the references (numbers in square brackets) in the list in the order in which they appear
in the text.

Examples:

Reference to a journal publication:

[1]13. van der Geer, J.A.]. Hanraads, R.A. Lupton, The art of writing a scientific article, J. Sci. Commun.
163 (2010) 51-59.

Reference to a book:

[2] W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New York, 2000.
Reference to a chapter in an edited book:

[3] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.S. Jones, R.Z.
Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc., New York, 2009, pp. 281-304.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations:
http://www.issn.org/services/online-services/access-to-the-ltwa/.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a preferred maximum
size of 50 MB. Video and animation files supplied will be published online in the electronic version
of your article in Elsevier Web products, including ScienceDirect: http://www.sciencedirect.com.
Please supply 'stills' with your files: you can choose any frame from the video or animation or
make a separate image. These will be used instead of standard icons and will personalize the
link to your video data. For more detailed instructions please visit our video instruction pages at
http://www.elsevier.com/artworkinstructions. Note: since video and animation cannot be embedded
in the print version of the journal, please provide text for both the electronic and the print version
for the portions of the article that refer to this content.

Elsevier accepts electronic supplementary material to support and enhance your scientific research.
Supplementary files offer the author additional possibilities to publish supporting applications, high-
resolution images, background datasets, sound clips and more. Supplementary files supplied will be
published online alongside the electronic version of your article in Elsevier Web products, including
ScienceDirect: http://www.sciencedirect.com. In order to ensure that your submitted material is
directly usable, please provide the data in one of our recommended file formats. Authors should
submit the material in electronic format together with the article and supply a concise and descriptive
caption for each file. For more detailed instructions please visit our artwork instruction pages at
http://www.elsevier.com/artworkinstructions.

The following list will be useful during the final checking of an article prior to sending it to the journal
for review. Please consult this Guide for Authors for further details of any item.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

* E-mail address

* Full postal address

* Phone numbers

All necessary files have been uploaded, and contain:

* Keywords

 All figure captions

¢ All tables (including title, description, footnotes)

Further considerations

* Manuscript has been 'spell-checked' and 'grammar-checked'

* References are in the correct format for this journal

» All references mentioned in the Reference list are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources (including the Web)
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» Color figures are clearly marked as being intended for color reproduction on the Web (free of charge)
and in print, or to be reproduced in color on the Web (free of charge) and in black-and-white in print
¢ If only color on the Web is required, black-and-white versions of the figures are also supplied for
printing purposes

For any further information please visit our customer support site at http://support.elsevier.com.

AFTER ACCEPTANCE

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The DOI
consists of a unique alpha-numeric character string which is assigned to a document by the publisher
upon the initial electronic publication. The assigned DOI never changes. Therefore, it is an ideal
medium for citing a document, particularly 'Articles in press' because they have not yet received their
full bibliographic information. Example of a correctly given DOI (in URL format; here an article in the
journal Physics Letters B):

http://dx.doi.org/10.1016/j.physletb.2010.09.059

When you use a DOI to create links to documents on the web, the DOIs are guaranteed never to
change.

One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author (if we do
not have an e-mail address then paper proofs will be sent by post) or, a link will be provided in
the e-mail so that authors can download the files themselves. Elsevier now provides authors with
PDF proofs which can be annotated; for this you will need to download Adobe Reader version 9 (or
higher) available free from http://get.adobe.com/reader. Instructions on how to annotate PDF files
will accompany the proofs (also given online). The exact system requirements are given at the Adobe
site: http://www.adobe.com/products/reader/tech-specs.html.

If you do not wish to use the PDF annotations function, you may list the corrections (including
replies to the Query Form) and return them to Elsevier in an e-mail. Please list your corrections
quoting line number. If, for any reason, this is not possible, then mark the corrections and any other
comments (including replies to the Query Form) on a printout of your proof and return by fax, or scan
the pages and e-mail, or by post. Please use this proof only for checking the typesetting, editing,
completeness and correctness of the text, tables and figures. Significant changes to the article as
accepted for publication will only be considered at this stage with permission from the Editor. We
will do everything possible to get your article published quickly and accurately. It is important to
ensure that all corrections are sent back to us in one communication: please check carefully before
replying, as inclusion of any subsequent corrections cannot be guaranteed. Proofreading is solely
your respaonsibility.

Proofs will be sent to the authors to be carefully checked for printer's errors. Changes or additions
to the edited manuscript cannot be allowed at this stage. Corrected proofs should be returned to the
publisher within 2 days of receipt.

The corresponding author, at no cost, will be provided with a personalized link providing 50
days free access to the final published version of the article on ScienceDirect. This link can
also be used for sharing via email and social networks. For an extra charge, paper offprints
can be ordered via the offprint order form which is sent once the article is accepted for
publication. Both corresponding and co-authors may order offprints at any time via Elsevier's
WebShop (http://webshop.elsevier.com/myarticleservices/offprints). Authors requiring printed copies
of multiple articles may use Elsevier WebShop's 'Create Your Own Book' service to collate multiple
articles within a single cover (http://webshop.elsevier.com/myarticleservices/booklets).

AUTHOR INQUIRIES

You can track your submitted article at http://help.elsevier.com/app/answers/detail/a_id/89/p/8045/.
You can track your accepted article at http://www.elsevier.com/trackarticle. You are also welcome to
contact Customer Support via http://support.elsevier.com.

© Copyright 2014 Elsevier | http://www.elsevier.com
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9.2. ANEXO B- Comprovante de Submissao.

Elsevier Editorial System(tm) for International Journal of Cardiology
Manuscript Draft

Manuscript Number:

Title: EFFECTS OF RESISTANCE EXERCISE ON THE VASCULAR FUNCTION AND BLOOD PRESSURE IN
RATS: A SYSTEMATIC REVIEW AND META-ANALYSIS

Article Type: Original Article

Keywords: meta-analysis; resistance exercise; arterial pressure
Corresponding Author: Prof. Paulo Ricardo S Martins-Filho, PhD
Corresponding Author's Institution: Federal University of Sergipe
First Author: Tharciano Luiz B Silva, Msc

Order of Authors: Tharciano Luiz B Silva, Msc; Marcelo M Mota, PhD; Milene T Fontes, Msc; Paulo
Ricardo S Martins-Filho, PhD; Vitor O Carvalho, PhD; Leonardo R Bonjardim, PhD; Marcio Roberto V
Santos, PhD

Manuscript Region of Origin: BRAZIL

Abstract: Background: Meta-analyses with preclinical studies are relatively new and promote
guidelines for clinical studies. The literature has showed that the effects of resistance exercise on the
cardiovascular system in experimental models are still controversy. The aim of this meta-analysis was
to evaluate the effects of resistance exercise on vascular function and blood pressure in rats.
Methods: Different databases were searched for studies evaluating the effects of resistance exercise on
vascular sensitivity, maximal response and blood pressure in rats up to September 30, 2014. Post-
intervention between-group effect sizes were pooled with the generic inverse variance method using
random-effect model and expressed as standardized mean difference, Hedges g, with 95% confidence
intervals (95% CI).

Results: Thirteen eligible studies were included. Our meta-analysis showed that exercise resistance in
rats does not alter the vascular sensitivity, but promotes increased vascular relaxation (p<0.01). In
addition, we observed a reduction in blood pressure in the exercised animals (p<0.01). Subgroup
analysis showed that squat exercise (p<0.01), with low volumes of resistance exercise (p<0.05) and
with moderate /high intensity (p<0.001) reduces the blood pressure.

Conclusions: The results of this meta-analysis suggests that resistance exercise improves the vascular
function and decreases the blood pressure in rats. However, further studies are needed to better
understand the effects of different resistance exercise protocols on the cardiovascular system.

Suggested Reviewers: Thais de O Faria PhD
Department of Physiological Sciences, Federal University of Espirito Santo
thais_oliveirafaria@hotmail.com

Richard D Leite PhD
Departament of Physical Education, Federal University of Maranhao
rdleite@gmail.com
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10.1. APENDICE A- FORMULARIO DE EXTRACAO DOS DADOS

1. Pesquisador:
( ) Pesquisador 1

( ) Pesquisador 2
2. Informacgdes gerais:

2.1. Titulo do estudo:

2.2. Autores:

2.3. Nome completo do Jornal/Revista, volume, pagina e ano de publicacio:

2.4. Palavras-chave:

3. Informacdes especificas:

3.1. Objetivo do estudo:

3.2. Critérios de inclusao e exclusao:

3.3. Tamanho total da amostra:

3.4. Tamanho amostral por grupo incluso no estudo:

3.4.1. Grupo sedentario (saudavel):
3.4.2. Grupo exercitado (saudavel):
3.4.3. Grupo sedentario (doente):
3.4.4. Grupo exercitado (doente):



3.4. Caracteristicas gerais da amostra:
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3.5. Analises estatisticas:

4. Protocolo de exercicio fisico resistido para ratos:

4.1. Modelo de exercicio fisico resistido para ratos:

4.2. Caracteristica da sessdo de exercicio:

4.3. Frequéncia do exercicio:

4.4. Duragao da sessao de exercicio:

4.5. Volume, intensidade e intervalo de repouso:

5. Técnicas de mensuracao:

5.1. Fungao vascular:

5.2. Pressao arterial:

6. Desfechos do artigo avaliado:

6.1. Primario:

6.2. Secundario:

6. Desfechos de interesse para a pesquisa:
( ) Fungdo Vascular

7. Extracao dos dados:

() Pressao arterial

FUNCAO VASCULAR

Animais saudaveis (pDz)

Animais doentes (pD:)

Grupo sedentario

Grupo exercitado

Grupo sedentario

Grupo exercitado

Média DpP EPM Média DP EPM Média DpP EPM Média DP EPM
Animais saudaveis (Rmax) Animais doentes (Rmax)
Grupo sedentario Grupo exercitado Grupo sedentario Grupo exercitado
n: n: n:
Média Dp EPM Média DP EPM Média Dp EPM Média DP EPM
Agonista:

pD2: representa a sensibilidade vascular ao agonista. Rmax: representa a resposta vascular maxima ao agonista. n: nimero amostral. DP: desvio padrdo.

E.P.M: erro padrio da média.



PRESSAO ARTERIAL

Animais saudaveis (PAS) Animais doentes (PAS)

Grupo sedentario Grupo exercitado Grupo sedentario Grupo exercitado

Média DP EPM Média DpP EPM Média DpP EPM Média DP EPM

Animais saudaveis (PAD)

Animais doentes (PAD)

Grupo sedentirio

Grupo exercitado

Grupo sedentario

Grupo exercitado
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Média DP EP.M Média DP EPM Média DP EPM Média DP EPM

Animais saudaveis (PAM) Animais doentes (PAM)

Grupo sedentirio Grupo exercitado Grupo sedentario Grupo exercitado

Média DpP EPM Média bp EPM Média DP EPM Média DpP EPM

PAS: pressio arterial sistolica. PAD: pressdo arterial diastolica. PAM: pressao arterial média. n: nimero amostral. DP: desvio padrdo. E.P.M: erro padrdo da média.

7. Extracdo dos dados para a analise da qualidade do estudo:
Itens coletados e categorizagao

7.1. Randomizagao:

( ) Negativo () Positivo

7.2. Cumprimento dos regulamentos de bem-estar animal;

( ) Negativo () Positivo

7.3. Idade e/ou peso do animal:

( ) Negativo () Positivo

7.4. Numero claro de animais utilizados para o estudo:

( ) Negativo () Positivo

7.5. Drogas e reagentes descritos na metodologia (fabricante):

( ) Negativo () Positivo

7.6. Respostas fisioldgicas > que 5 medigdes por experimento:
( ) Negativo () Positivo

7.7. Verificagdo de parametros fisiologicos (temperatura, pressdo arterial, reatividade
vascular, sangue perfil bioquimico, morfologia, fun¢do cardiaca);
( ) Negativo () Positivo

7.8. Protocolo de exercicio descrito na metodologia:

( ) Negativo () Positivo

7.9. Familiarizagdo do animal com o protocolo de treinamento:
( ) Negativo () Positivo

7.10. Teste de uma repeticao maxima (1 RM) ou carga maxima:
( ) Negativo ( ) Positivo
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10.2. APENDICE B- Resistance exercise acutely enhances mesenteric artery insulin-induced

relaxation in healthy rats. Life sciences. 94(1):24-9, 2014.

Life Sciences 94 (2014) 24-29

Contents lists available at ScienceDirect

Life Sciences

journal homepage: www.elsevier.com/locate/lifescie

Resistance exercise acutely enhances mesenteric artery insulin-induced

relaxation in healthy rats

M.T. Fontes ¢, T.L.B.T. Silva?, M.M. Mota ?, AS. Barreto ¢, L.V. Rossoni ®, M.R.V. Santos **

1 of Physiology, Federal University of Sergipe, 49100-000, Sdo CristGvio, SE, Brazil
" Depa of Physiology and Biophysics, Institute of Biomedical Sciences, Uini

ity of Sao Paulo, 05508-900, Sdo Paulo, SP, Brazil

ARTICLE INFO ABSTRACT

ed vasodilatation after acute resistance exercise in

Article history: Aims: We eval d the mect

in insuli

Received 3 june 2013 healthy rats.

Accepted 21 November 2013

Keywords:

Exercise

Mesenteric

Insulin

Vascular endothelium

Main methods: Wistar rats were divided into 3 groups: control (CT), electrically stimulated (ES) and resistance
exercise (RE). Immediately after acute RE (15 sets with 10 repetitions at 70% of maximal intensity), the animals
were sacrificed and rings of mesenteric artery were mounted in an isometric system. After this, concentration-
response curves to insulin were performed in control condition and in the presence of LY294002 ( PI3K inhibitor),
L-NAME (NOS inhibitor), L-NAME + TEA (K* channels inhibitor), LY294002 + BQ123 (ET-A antagonist) or
ouabain (Na*/K* ATPase inhibitor).

Key findings: Acute RE increased insulin-induced vasorelaxation as compared to control (CT: Rya = 7.3 £ 0.4%
and RE: Ry, = 15.8 £ 0.8%; p < 0.001). NOS inhibition reduced (p < 0.001) this vasorelaxation from both
groups (CT: Ry = 2.0 &+ 0.3%, and RE: Ry, = — 1.2 £ 0.1%), while PI3K inhibition abolished the vasorelax-
ation in CT (Rmax = —0.1 £ 0.3%, p < 0.001), and caused vasoconstriction in RE (Rua = — 6.5 + 0.6%). That
insulin-induced vasoconstriction on PI3K inhibition was abolished (p < 0.001) by the ET-A antagonist
(Rpax = 2.9 + 0.4%). Additionally, acute RE enhanced (p < 0.001) the functional activity of the ouabain-
sensitive Na*/K* ATPase activity (Rma = 10.7 + 0.4%) and of the K* channels (Rmax = —6.1 £ 0.5%;
p < 0.001) in the insulin-induced vasorelaxation as compared to CT.

Significance: Such results suggest that acute RE promotes enhanced insulin-induced vasodilatation, which could

act as a fine tuning to vascular tone.

© 2014 Elsevier Inc. All rights reserved.

Introduction

Several authors have demonstrated the ability of exercise to prevent
cardiovascular risk factors, among them endothelial dysfunction (Di
Francescomarino et al., 2009; Golbidi and Laher, in press; Green et al.,
2004; Zanesco and Antunes, 2007). The literature has demonstrated
the ability of both chronic and acute aerobic exercise to improve the
insulin signaling pathway involved not only in the glucose metabolism
but also in the vascular modulation (Caponi et al., 2013; Pauli et al.,
2010; Yang et al., 2006, 2010). In particular, resistance exercise has
been also used for improvement of diabetes, hypertension and obesity
(Westcott, 2012). Nevertheless, the signaling pathways are not clear.

Hemodynamic effects of insulin occur for two different endothelium-
dependent signaling pathways: IR/PI3K/eNOS, responsible for the relaxant
effect, and IR/MAPK/ET-1, responsible for the contractile effect (Chaudhuri
et al, 2012; Montagnani et al., 2001; Muniyappa and Quon, 2007; Salt,
2013). Thus, the balance between the release of NO and ET-1 plays an

* Corresponding author at: Federal University of Sergipe, Department of Physiology,
Cidade Universitiria Prof. José Aloisio de Campos, Rosa Elze, Cep: 49100-000, Sio
Cristévio, Sergipe, Brazil. Tel.: + 55 79 21056842,

E-mail address: marcio@infonet.com.br (M.RV. Santos).
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important role for the control of vascular tone and blood flow adjustments
in response to the exercise (Mather et al, 2001; Muniyappa and Sowers.,
2013).

Previous studies have shown that insulin-induced vasorelaxation is
enhanced in animals after aerobic exercise. This enhancement is caused
by the increase of NO release, associated to K* channels-induced hyper-
polarization (Ghafouri et al., 2011; Rossi et al., 2005; Yang et al., 2006,
2010). Additionally, Aughey et al. (2007) showed that aerobic exer-
cise can change the activity and expression of skeletal muscle Na™/
K*-ATPase in humans. In vascular smooth muscle, Garland et al
(2011), Marin and Redondo (1999), and Smith et al. (1997) demon-
strated that Na* /K" -ATPase activity may be influenced by the endothe-
lium and K* channels. However, there are no data in the literature
showing the effect of resistance exercise on the insulin-induced relaxa-
tion nor the pathways involved in this response.

Previous research has shown the ability of resistance exercise to
promote changes in vascular function in rats (Faria Tde et al., 2010;
Harris et al., 2010). Interestingly, these changes can be produced in
blood vessel far from the skeletal muscle used during the exercise,
such as mesenteric or caudal vascular beds (Aradjo et al., 2013; Faria
Tde et al., 2010). Moreover, it is related in the literature that results
obtained in mesenteric vascular bed may have physiological relevance
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Resistance Exercise Restores Endothelial Function and Reduces
Blood Pressure in Type 1 Diabetic Rats

Marcelo Mendonga Mota', Tharciano Luiz Teixeira Braga da Silva', Milene Tavares Fontes', André Sales
Barreto', Joao Eliakim dos Santos Aradjo', Anténio Cesar Cabral de Oliveira®, Rogério Brandao Wichi’,
Marcio Roberto Viana Santos’
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Abstract

Background: Resistance exercise effects on cardiovascular p s are not ¢

Objectives: The effects of resistance exercise on changes in blood glucose, blood pressure and vascular reactivity
were evaluated in diabetic rats.

Methods: Wistar rats were divided into three groups: control group (n = 8); sedentary diabetic (n = 8); and trained
diabetic (n = 8). Resistance exercise was carried out in a squat device for rats and consisted of three sets of ten
repetitions with an intensity of 50%, three times per week, for eight weeks. Changes in vascular reactivity were
evaluated in superior mesenteric artery rings.

Results: A significant reduction in the maximum resp of acetylcholine-induced relaxation was observed in the sedentary
diabetic group (78.1 = 2%) and an increase in the trained diabetic group (95 + 3%) without changing potency. In the
presence of N®-nitro-L-arginine methyl ester, the acetylcholine-induced relaxation was significantly reduced in the control
and trained diabetic groups, but not in the sedentary diabetic group. Furthermore, a significant increase (p < 0.05) in mean
arterial blood pressure was observed in the sedentary diabetic group (104.9 + 5 to 126.7 = 5 mmHg) as compared to that in
the control group. However, the trained diabetic group showed a significant decrease (p < 0.05) in the mean arterial blood
pressure levels (126.7 £ 5 to 105.1 £ 4 mmHg) as compared to the sedentary diabetic group.

Conclusions: Resistance exercise could restore endothelial function and prevent an increase in arterial blood pressure
in type 1 diabetic rats. (Arq Bras Cardiol. 2014; 103(1):25-32)

Keywords: Rats; Exercise; Physical endurance; Endothelium, vascular / physiology; Arterial Pressure / physiology; Diabetes.

has been reported to contribute to prevent/treat pathologies
that affect the metabolism and cardiovascular function®.

Introduction
Diabetes mellitus is a heterogeneous group of metabolic

25

disorders that have in common hyperglycemia associated
with secondary cardiovascular system complications™?.
Increased blood glucose levels are associated with in vivo and
in vitro endothelial dysfunction®#. Endothelial dysfunction
is a systemic phenomenon related to an unbalance in the
endothelial production of mediators that regulate vascular
tone; it contributes partially to increase arterial blood pressure
levels®. The endothelial dysfunction in type 1 diabetes mellitus
can be considered an early marker of cardiovascular disease®.

Several factors, such as hyperlipidemia, insulin resistance,
hyperglycemia and hypertension, can explain the endothelial
dysfunction in type 1 diabetes mellitus”. Resistance exercise
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Resistance exercise has proved to have an important
therapeutic potential by promoting skeletal muscle mass gain,
increased insulin sensitivity and blood glucose reduction in
diabetic rats®'". Aerobic exercise also have those effects’".

Some studies have suggested that aerobic exercise is
effective to treat endothelial dysfunction in diabetes'* .
However, little is known about the chronic effects of resistance
exercise on the arterial blood pressure and endothelial
function of type 1 diabetic rats. We raised the hypothesis that
long-term resistance exercise can minimize the deleterious
effects on the cardiovascular system and on the metabolic
control of type 1 diabetes mellitus-induced animals.
Thus, this study aimed at assessing the chronic effects of
resistance exercise on blood glucose changes, vascular
reactivity and arterial blood pressure of diabetic rats.

Methods

Animals and experimental delineation
Male Wistar rats (Rattus norvegicus), aged 3 months,
weighing 250-300 g, were used in all experiments. They were
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TREINAMENTO AEROBIO PREVINE ALTERAGOES NA VASODILATAGAO
DEPENDENTE DO ENDOTELIO EM RATOS DIABETICOS

AEROBIC TRAINING PREVENTS CHANGES IN ENDOTHELIUM-DEPENDENT VASODILATION OF

DIABETIC RATS

Marcelo Mendonga Mota*

Tharciano Luiz Teixeira Braga da Silva*
André Sales Barreto*

Milene Tavares Fontes™*

Antonio Cesar Cabral de Oliveira***
Marcio Roberto Viana dos Santos****

RESUMO

O objetivo do presente estudo ¢ verificar os efeitos do treinamento aerdbio sobre a reatividade vascular em artéria mesentérica
de ratos diabéticos. Ratos Wistar foram divididos em trés grupos: controle sedentirio (CS), diabético sedentirio (DS) e diabético
treinado (DT). Alteragdes na reatividade vascular foram avaliadas apos a dltima sessdo de treinamento, por meio da obtengdo de
curvas concentragiio-resposta. Os testes ¢ de Student ou andlise de variincia (ANOVA) de duas-vias, seguida do pos-teste de Bon-
ferroni, foram realizados para avaliar a significincia das diferengas entre as médias. Foi observada uma redugio dos relaxamentos
induzidos por acetilcolina no grupo DS (79,7 + 3,0 %), quando comparado ao CS (98,8 + 3,0) e uma manuten¢io dos valores

normais no grupo DT (100,1 £ 5.3 %). Os resultados sug

na fungio vascular de ratos diabéticos.

que o

» aerobio € capaz de proporcionar efeitos benéficos

Palavras-chave: Diabetes mellitus. Atividade fisica. Endotélio vascular.

INTRODUCAO

Diabetes mellitus (DM) é uma desordem
metabdlica cronica caracterizada ndo apenas por
alteragdes no metabolismo dos carboidratos,
das proteinas e dos lipidios, como também
causa a disfun¢do endotelial (DE) (NACCI,
TARQUINIO; MONTAGNANI, 2009; VAN
DEN OEVER et al., 2010). Do ponto de vista
pratico, a DE é definida como uma alteragdo do
relaxamento vascular dependente do endotélio
(BAHIA et al., 2006). O desenvolvimento da

DE tem sido repetidamente demonstrado em
varios leitos vasculares, tanto em humanos,
quanto em animais induzidos quimicamente ao
DM (JOHNSTONE et al., 1993).

A DE tem sido considerada como um
evento precoce na patogénese das complicagdes
vasculares do Diabetes mellitus tipo 1 (DMI)
(DE VRIESE et al., 2000). Ela reflete a presenca
de um fendtipo propenso a aterogénese e
pode, dessa forma, servir de marcador de
risco para aterosclerose. Além disso, tem
sido demonstrado que a DE constitui-se em

** Doutorando. Nicleo de Pés-Graduagdo em Medicina da Universidade Federal de Sergipe, Aracaju SE, Brasil.
* Mestre Nicleo de Pos-Graduagio em Medicina da Universidade Federal de Sergipe, Aracaju-SE, Brasil.
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Suplementagdo com L-arginina associada ao exercicio resistido melhora
a forca muscular e impede o aumento da glicemia de ratos diabéticos

L-arginine Supplementation associated with resistance exercise improves muscle
strength and prevents the increase in blood glucose in diabetic rats

Tharciano Luiz Teixeira Braga da Silva', Marcelo Mendonga Mota', Milene Tavares Fontes?, Ana Paula dos
Santos Soares®, André Sales Barreto®, Anderson Carlos Margal *, Marcio Roberto Viana Santos®
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Resumo

I dugdo: Diversas péuticas tém sido emp no controle do diabetes. Objetivo: O objetivo deste estudo foi avaliar os
efeitos da suplementagdo com L-arginina e do exercicio resistido, isolado ou combinado sobre a massa corporal, glicemia e a forga
muscular de ratos diabéticos. Metodologia: Ratos Wistar foram divididos em 6 grupos: Controle (CON, n = 5), estimulado eletricamente
(EE, n = 5), diabético sedentério (DS, n = 5), diabético L-arginina (DL-Arg, n = 5), diabético treinado (DT, n = 5) e diabético treinado
+ L-arginina (DT + L-Arg, n = 5). O diabetes foi induzido através da administragdo de aloxano na dose Unica de 40 mg/kg, i.v., duas
semanas antes do inicio dos protocolos. Foi avaliada a massa corporal, glicemia e a forga muscular no inicio, a cada duas semanas e
no final das 6 semanas dos proc 0s experi tais. Resultados: No inicio do estudo, o DS apresentou um aumento significativo
(p < 0,001) da glicemia quando comparado com o CON. Apds as 6 semanas de estudo os animais do grupo DT e DT + L-Arg obtiveram
um aumento significativo (p < 0,01 e p < 0,001; respectivamente) nos niveis de forga quando comparado com o DS. Os animais DT +
L-Arg apresentaram uma redugdo significativa (p < 0,001) da glicemia plasmatica ao longo do tratamento quando comparado com o
DS. Conclusdo: A suplementagdo com L-arginina associada ao exercicio resistido aumenta a forga muscular e promove um equilibrio
metabdlico em animais diabéticos.

Palavras-chave: Diabetes Mellitus. Arginina. Treinamento de resisténcia.

Abstract

Introduction: Several therapies have been used to control diabetes. Objective: The aim of our study was evaluate the effects of
L-arginine suppl ion and e exercise, alone or in combination on body weight, blood glucose and muscle strength in
diabetic rats. Methodology: Wistar rats were divided into 6 groups: control (CON, n = 5), electrically stimulated (ES, n = 5), sedentary
diabetic (5D, n = 5), diabetic L-arginine (DL-Arg, n = 5), trained diabetic (TD, n = 5) and trained diabetic + L-arginine (TD + L-Arg, n = 5).
Diabetes was induced by administration of alloxan in a single dose of 40 mg / kg, iv, two weeks before the start of the protocols. Was
evaluated the body mass, blood glucose and muscle strength at the beginning of the experiment, every two weeks and at the end of
the experimental procedures. Results: At baseline, the DS sh d a significant increase (p < 0.001) glucose when compared with the
CON. After 6 weeks of study animals from group TD and TD + L-Arg had a significant increase (p < 0.01 and p < 0.001, respectively)
at muscle strength. The animals TD + L-Arg presented a significant reduction (p < 0.001), plasma glucose during the treatment group
compared to 5D. Conclusions: L-arginine Suppl associated with resistance exercise increases muscle strength and promotes

& Lals
a metabolic balance in diabetic animals.
Keywords: Diabetes mellitus. Arginine. Resistance training.

INTRODUGAO
O diabetes mellitus (DM) pode ser definido

Existem dois tipos principais de DM, o DM tipo 1 (DM1)
onde os portadores sdo dependentes do uso da insulina,

como um grupo heterogéneo de disturbios metabdlicos
caracterizados pela hiperglicemia, causado por uma
disfungdo na secrecdo da insulina ou na acdo desta,
ou por ambas as coisas (SHI et al., 2006; ADA, 2008).
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e o DM tipo 2 (DM2), em que os pacientes apresentam
uma concentragdo plasmatica do hormonio mas este
é ineficaz (SBD, 2007). Em condig¢bes cronicas o DM1
descompensado resulta em disfungdo, lesdo e, em dltima
instancia, insuficiéncia de varios érgdos (ADA, 2008).
Dentre as diversas terapéuticas empregadas na
melhora do DM, tem sido indicada a prevengdo primaria
que inclui mudangas na dieta alimentar e a pratica de
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Acute effects of the resistance exercise over the endothelium-dependent relaxation in
the mesenteric artery of healthy rats

T.L.B.T. Silva?, M.T. Fontes2, M.M. Mota2, R. B. Wichi®*, L. R. Bonjardim ¢, M.R.V.

Santos?

Abstract

The present study evaluated the effect of a session of resistance exercise over the
endothelium-dependent relaxation in the mesenteric artery of healthy rats. The animals were
divided into three groups: control (CT), electrically stimulated (ES) and resistance exercise
(RE). Immediately after the resistance exercise, the animals were sacrificed and the
mesenteric artery rings were suspended on an isometric force transducer. Concentration-
response curves for acetylcholine (ACh) were developed in the control condition and in the
presence of L-NAME (NOS inhibitor), L-NAME + INDO (COX inhibitor) or L-NAME +
INDO + TEA (inhibitor of K* channels). Animals submitted to a resistance exercise session
showed a higher sensitivity to vasodilation induced by ACh compared to the CT group. The
NOS inhibition reduced the ACh-induced relaxation in the RE group when compared to the
CT group. When added to the L-NAME + INDO bath, the relaxations in the RE group
presented a smaller inhibitory response when compared to the CT group. In the presence of
the three inhibitors, the vasodilator response for ACh was blocked in the RE group when
compared to the CT group. Those results suggest that the acute resistance exercise promotes

an increase in the ACh-induced endothelium-dependent vasodilatation.

Keywords: exercise, mesenteric artery, insulin, vascular endothelium.
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Efeitos de uma sessao de exercicio resistido sobre o misculo liso vascular em artéria
mesentérica de ratos hipertensos induzidos por L-NAME.

Silva, T.L.B.T.?, Mota, M.M.2, Fontes, M.T.2, Araujo. J. E. S.2, Cunha, P. S. 2, Carvalho,
V. 0.>, Bonjardim, L. R.¢, Santos, M.R.V.2*

Resumo

Fundamento: A hipertensdo ¢ um problema de saude publica e que aumenta a incidéncia das
doencgas cardiovasculares.

Objetivo: Avaliar os efeitos agudos do exercicio resistido sobre os mecanismos contrateis e
relaxantes do musculo liso vascular em artéria mesentérica de ratos hipertensos induzidos por
L-NAME.

Métodos: Ratos Wistar foram divididos em trés grupos: controle (C), Hipertenso (H) e
Hipertenso treinado (HT). A hipertensao foi induzida pela administragdo de 20 mg/kg de NG-
nitro L-arginina metil éster (L-NAME) durante 7 dias antes dos protocolos experimentais. O
protocolo de exercicio resistido consistiu em 10 séries de 10 repeticdes e intensidade de 40%
de uma repeticdo maxima. A reatividade do musculo liso vascular foi avaliada através de
curvas concentragdo-resposta para a fenilefrina (FEN), cloreto de potassio (KCIl) e
nitroprussiato de sodio (NPS).

Resultados: Os ratos tratados com L-NAME apresentaram um aumento (p<0,001) da pressao
arterial sistolica (PAS), pressao arterial diastdlica (PAD) e pressdo arterial média (PAM)
quando comparado ao periodo inicial da inducdo. Nao foi observada diferenga na
sensibilidade da FEN entre os grupos H e HT. O exercicio resistido agudo reduziu (p<0,001)
a resposta contratil induzida pelo KCI nas concentracdes de 40 e 60 mM do grupo HT quando
comparado ao grupo H. Foi observado uma maior (p<0,01) sensibilidade do musculo liso ao
NPS no grupo HT quando comparado ao grupo H.

Conclusao: O exercicio resistido agudo reduz das respostas contrateis induzidas pelo KCl,
além de aumentar a sensibilidade do musculo liso ao NO em artéria mesentérica de ratos
hipertensos.

Palavras-chave: Hipertensdo; Exercicio; vasodilatagao.



