UNIVERSIDADE FEDERAL DE SERGIPE
PRO-REITORIA DE POS-GRADUACAO E PESQUISA
MESTRADO EM CIENCIAS DA SAUDE

ANDRE SALES BARRETO

TREINAMENTO FiSICO RESISTIDO PREVINE
HIPERTENSAO ARTERIAL E MELHORA MODULACAO
AUTONOMICA CARDIACA EM RATOS DIABETICOS
INDUZIDOS PELA ALOXANA

ARACAJU - SE
2010



ANDRE SALES BARRETO

TREINAMENTO FiSICO RESISTIDO PREVINE
HIPERTENSAO ARTERIAL E MELHORA
MODULACAO AUTONOMICA CARDIACA EM
RATOS DIABETICOS INDUZIDOS PELA
ALOXANA

Dissertacdo apresentada ao Programa de POs-Gradwagad
Ciéncias da Saude do Nucleo de Pés-Graduacao ernciveeda

Universidade Federal de Sergipe como requisitoigdaxmbtencéo
do grau de Mestre em Ciéncias da Salde. Area deeotacao:

Estudos Clinicos e Laboratoriais em Saude.

Orientador: Prof. Dr. Marcio Roberto Viana Santos

ARACAJU - SE
2010



ANDRE SALES BARRETO

TREINAMENTO FISICO RESISTIDO PREVINE
HIPERTENSAO ARTERIAL E MELHORA
MODULACAO AUTONOMICA CARDIACA EM
RATOS DIABETICOS INDUZIDOS PELA
ALOXANA

Dissertacdo apresentada ao Nucleo de Pdés-

Graduacdo em Medicina da Universidade

Federal de Sergipe como requisito parcial a

obtencao do grau de Mestre em Ciéncias da
Aprovada em I Salde.

Orientador: Prof. Dr. Marcio Roberto Viana Santos
Universidade Federal de Sergipe — DFS/UFS

1° Examinador: Prof2. BrLuciana Venturini Rossoni
Universidade de Sao Paulo — ICB/USP

2° Examinador: Prof. Dr. José Augusto Soares BaFiho
Universidade Federal de Sergipe — DM/UFS

PARECER




Dedico este trabalho aos meus pais (Valdeci e Eliel
aminha esposa (Rosana) e filha (Giovana) por terem
acreditado junto comigo na realizacao desse sonho.

Amo vocésl!!!



AGRADECIMENTOS

A Deus, todo poderoso, ao qual sempre me permitimpartilhar de Sua
maravilhosa presenca e desfrutar da certeza dedslidade em todos os momentos.

A Ti dedico minha vida e minhas conquistas;

A minha mée Valdeci, que me faz acreditar que &ipelsviver de forma ética e
digna através de muita dedicacéo, trabalho, conipsone sobretudo amor em tudo
que faz. A valorizacdo da familia por ela demowstram toda sua vida foi
fundamental para formac@o do meu carater. A melEjpal, pelo amor, carinho e

incentivo aos estudos sempre;

A minha esposa Rosana, por seu amor, compreens@dieacao a familia. Pelo
amor que tenho a voceé vivo a certeza de que Deasva 0 melhor dessa terra para
mim. A minha filha Giovana por demonstrar-me a grade renovar a esperanca

todos os dias;

A minha irm& Luciana por seu exemplo de garra erdehacao em seus objetivos
com ética e dignidade e ao meu cunhado e pastai Adllo aconselhamento

espiritual e inabalavel fé em Deus que sempre avide;

Aos meus sobrinhos amados Sarah, Davi, Israel,i&opbhana, Wendell, Arthur e

Mariana pelo amor e carinho que demonstram por mim;

Ao meu avo Filetoin memorian, pela firmeza de carater e exemplo de vida pautada
no evangelho. A minha avo lanete, matriarca daliangor seu amor verdadeiro e

carinho que sempre demonstrou por mim;

Ao meu amigo e prof. Lucindo que me incentivou seetesafio, por seu exemplo de
amor e dedicacdo a pesquisa cientifica e a sua&gotlyana, minha cunhada, que

me recebeu como um irmao;

Ao amigo e parceiro de mestrado Marcelo, por seupemheirismo e dedicacdo ao

trabalho realizado;

Aos professores Drs. José Ausgusto, Valter Sardahksc José Melquiades pela

orientacéo e colaboracdo na elaboracéo do trabalho;



Aos colegas do laboratorio que contribuiram conegedvolvimento dessa pesquisa
Milene, Ana Paula Soares, Tharciano, Ana Paula d&arb Ayslan, Vagner e

Fernando;

Ao Prof Dr. Marcio Roberto Viana Santos por teritack o desafio de ser meu
orientador e acreditado no meu potencial. Seu comigso com o rigor

metodolégico e dedicacdo a pesquisa cientifica ogmalidade mesmo na
adversidade, foram fundamentais para minha formagdmo pesquisador e
professor. Agradeco também por sua paciéncia ecalgth com as correcdes e
sugestdes que por muitas vezes sacrificou seu te@mgsnal. Muito obrigado por
tudo;

Aos o6rgaos de fomento CNPq, CAPES, FAPITEC-SE, SES ao Ministério da

Saude que permitiram a realizacao desse trabalho.



BARRETO, A.S.Treinamento fisico resistido previne hipertensdo enelhora
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RESUMO

O objetivo desse estudo foi avaliar os efeitosrdmamento fisico resistido sobre a
pressdo arterial, repolarizacdo ventricular, sdidalde barorreflexa e balanco
autonémico cardiaco em ratos diabéticos. A avaliagadiovascular foi realizada
em animais conscientes treinados e sedentéarios,8&apémanas do inicio do diabetes
com aloxana ou nos animais controle. O treinam#ésico resistido consistiu de 3
séries de 10 repeticdes realizada a 40% do testende repeticdo maxima, 3
dias/semana durante 8 semanas em um aparato quea somexercicio de
agachamento em humanos. Pressao arterial foi mad#&gor 30 minutos 48 horas
apos a Ultima sessdo de treinamento fisico ou teogmbrole. A sensibilidade
barorreflexa foi analisada pelo método da sequéecia balanco autonémico
cardiaco foi avaliado pela variabilidade da fregigncardiaca no dominio da
freqiéncia. Apdés 8 semanas, o diabetes aumentoificijvamente a glicemia (de
83 + 8 para 381 * 41 mg/dl), pressao arterial médigal04.7 + 5,4 para 125 + 5,4
mmHg), intervalo QTc (de 4,4 £ 0,1 para 5,1 + 0,%),mreduziu sensibilidade
barorreflexa (de 2,01 + 0,3 para 0,38 = 0,1 ms/mjregHgroduziu um disturbio sobre
o balanco autondmico cardiaco. O treinamento fimsestido foi capaz de produzir
significante reducé&o sobre a glicemia (270 + 17digfpreveniu o aumento da
pressao arterial (100,8 £ 4,2 mmHg) e intervalo @,6 + 0,1 ms), a reducdo da
sensibilidade barorreflexa (2,63 + 0,5 ms/mmHg) istudbio sobre a balanco
autonémico cardiaco. Esses resultados sugerem dqrenamento fisico resistido
promove um melhor controle glicémico, previne hipesdo e melhora a
sensibilidade barorreflexa e balangco autondmicaliaa0o em ratos diabéticos

induzidos pela aloxana.

Palavras-chave barorreflexo; diabetes mellitus; pressédo artegatema nervoso

autbnomo; treinamento resistido.



BARRETO, A.S. Resistance training prevents hypertension and impnes
cardiac autonomic modulation in alloxan diabetic ras. 2010. 89f. Dissertacao

(Mestrado em Ciéncias da Saude) — Universidader&ledie Sergipe, Aracaju.

ABSTRACT

The aim of this study was to evaluate the effedtsesistance training on blood
pressure, ventricular repolarization, baroreflexisgévity and cardiac autonomic
balance in diabetic rats. Cardiovascular evaluatia@s performed in conscious
trained and sedentary animals, 8 weeks after tisetast diabetes with alloxan or
control animals. The resistance training consistéd3 sets of 10 repetitions
performed at 40% of one repetition maximum testia@s/wk over 8 wks in squat-
training apparatus. Blood pressure was monitored3fb min 48 h after the last
training session or time control. Baroreflex semgjt was analyzed by sequence
method and cardiac autonomic balance was assegseealt rate variability in the
frequency domain. After 8 wks, the diabetes sigaiiily increased glycemia (from
83 £ 8 to 381 £ 41 mg/dl, p<0.05), mean blood pues¢from 104.7 + 5.4 to 125.1 +
5.4 mmHg, p<0.05), QTc interval (from 4.4 + 0.19d £ 0.1 ms, p<0.05), reduced
baroreflex sensitivity (from 2.01 + 0.3 to 0.38 £10ms/mmHg, p<0.05) and
impaired the cardiac autonomic balance. Resistairaieing was able to produce
significant reduction on the glycemia (270 * 17 dig/p<0.05), prevented the
increase of mean blood pressure (108 = 3 mmHg,0040.and QTc interval (4.6
0.1 ms, p<0.01), the reduction of baroreflex sensit (2.63 + 0.5 ms/mmHg,
p<0.01) and disturbance on the cardiac autonomanba. These results suggest that
resistance training promotes a better glycemic rognprevents hypertension and
improves baroreflex sensitivity and cardiac autoirobalance in alloxan diabetic
rats.

Keywords: blood pressure, autonomic nervous system, diabetdlitus, exercise,

baroreflex sensitivity.
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1 INTRODUCAO

O diabetesnellitus (DM) € uma sindrome heterogénea de etiologia plalti
decorrente da falta e/ou resisténcia a acédo dalinasucaracterizada por
hiperglicemia crénica com distirbios do metabolisniotermediario dos
carboidratos, lipidios e proteinas. Esses distérbgido associados a complicagdes
crbnicas no sistema cardiovascular e no controlenémico de varios 6rgdos em
humanos e animais (De ANGELIS et al, 2000; NEGRBBRRETTO, 2006; SBD,
2007).

A hiperglicemia é acompanhada por sintomas comainmml polidipsia,
perda de peso, polifagia e visédo turva. Pode evobm complica¢cdes agudas como
a cetoacidose diabética, estado hiperosmolar riétiee e hipoglicemia, ou
complicacfes cronicas como doenca macro e microlase neuropatia, as quais
proporcionam dano, disfuncao e faléncia de vanigaas, especialmente olhos, rins,
nervos, coracado e vasos sanguineos (POWERS, 2RQDS6 et al, 2002; SBD,
2007).

Atualmente no Brasil, o DM se apresenta como umench fortemente
associada a alta mortalidade e morbidade, geramdelevado custo médico-socio-
econdmico. Os custos diretos com DM variam ent@Z 15% do orgamento anual
da saude, dependendo de sua prevaléncia e do gradfidticacdo do tratamento
disponivel. Constitui-se a principal causa dos rivdmentos por problemas
cardiovasculares, entre elas a hipertensdo, semmbétn a principal causa de
amputacdo de membros e cegueira adquirida. Aléso,dis custos intangiveis (dor,
ansiedade, inconveniéncia, incapacidade para altr@alou perda da produtividade e
de qualidade de vida) também apresentam grandecimpa vida das pessoas com
diabetes (SBD, 2007).

A evolugéo clinica dos portadores de DM € basténtiante. Alteracdes
como vasculopatia, nefropatia, neuropatia autordmibipertensao arterial além dos
niveis plasmaticos de glicemia sdo critérios imgrds no prognostico dessa
patologia. A avaliacdo portanto de parametros hamaoacos e bioquimicos séo de
grande utilidade no acompanhamento da evolucédoadessbidade (LERARIO,
2002; SCHEFFEL et al, 2004; ALVARENGA, 2005).
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Movidos pela busca de solucbes para essa probtamaticial, diversos
estudos tém sido continuamente desenvolvidos rnaleeste esclarecer as causas, 0s
efeitos e o tratamento desta doenca. O desenvaitane modelos experimentais
em animais de laboratério tem dado contribuicdegnifitativas para o
desenvolvimento de estudos que definem com acueapracisdo a patologia desta
doenca, o que tem possibilitado o estudo de métpdegentivos, paliativos e
curativos (MACHADO et al, 2000; DUNCAN & SCHIMIDT2001; SCHAAN et al,
2004; TOSCANO, 2004; BARRETO et al, 2005; PASSO8Ie2005;RUSSELL et
al, 2005).

O exercicio fisico tem sido indicado como uma ceadé@o-farmacoldgica
no tratamento de diversas patologias como o digpdipertensdo arterial e
insuficiéncia cardiaca devido aos beneficios caetioulares, metabdlicos e no
sistema nervoso autonomico (TIPTON et al, 1991, WBERG et al, 1998).
Estudos recentes demonstraram que € possivel dimsmgnificativamente a
incidéncia de novos casos de DM através de mudar@;astilo de vida, como por
exemplo, realizar exercicio fisico regular e edéoaglimentar (EDELSTEIN et al,
1997; BARZILAV et al, 1999; TUOMILEHTO et al, 2001)

O treinamento fisico (TF) adequado proporciona irgmes ajustes
metabolicos, neuroenddcrinos e cardiovasculares,cgatribuem para prevencéo,
reducdo e reversao das alteracbes metabdlicasialmidos, as quais melhoram a
qualidade de vida desses individuos. As alterap@esistentes na estrutura ou na
funcdo do organismo sao particularmente ocasionadasesposta ao estimulo
gerado pelo exercicio fisico repetido sistematicamee ao longo do tempo
(TANCREDE et al, 1982; DORN et al, 2001; ADA, 200&MONTE et al, 2005).

A maioria dos estudos que investigaram as repdieassetabdlicas e
cardiovasculares do treinamento fisico no diabetdéigaram protocolos aerdbicos.
Estes estudos tem observado um aumento na safesileila insulina, reducdo na sua
dose diaria, melhora na cinética e no consumo dagoio, melhora no controle de
fatores de risco para doencas cardiovasculares ceth@do na pressdo arterial,
peso corporal e estresse oxidativo (ACSM, 20008LBIC & GUIMARAES, 2002
e 2004; GOTO et al, 2003; ADA, 2004; SASAKI & SANB006).

Recentemente, alguns estudos tém demonstrado o paikncial e relativa
seguranca do treinamento resistido no portador Be O principal mecanismo
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biologico aparente envolvido é a hipertrofia da coletura esquelética, com um
aumento associado na absorcdo de glicose e silaikila insulina, além de
adaptacdes cardiovasculares como o efeito hipatearserial. (POLLOCK et al,
2000; FLETCHER et al, 2001; CIOLAC & GUIMARAES, 200SANCHEZ &
LEON, 2006).

Portanto, existem evidéncias na literatura de qué&emamento fisico
contribui de maneira significativa para a melhom disfuncdo metabdlica e
cardiovascular do diabetesellitus, entretanto os estudos concentram-se nos
beneficios advindos do treinamento aerdbico. Taiedades aerdbias quanto
resistidas devem ser consideradas na elaboracdé dim portador de DM. Além
disso, existe caréncia na literatura sobre possigentribuicbes do TFR sobre
parametros hemodinamicos. Por conseguinte, a agébz desse trabalho com a
finalidade de ofertar mais uma modalidade de tratam que represente uma
significativa melhora na funcdo metabdlica e camégular nesse grupo

populacional, € mais que justificado.



FUNDAMENTACAO
TEORICA
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2 FUNDAMENTACAO TEORICA

2.1 Diabetes Mellitus

O diabetesmellitus (DM) ndo é uma Unica doenca, mas um grupo
heterogéneo de disturbios metabdlicos que apresesta comum a hiperglicemia
cronica. Esta hiperglicemia € o resultado de defeita acdo e/ou secrecdo da
insulina, que gera disturbios do metabolismo ineglid@rio dos carboidratos, lipidios
e proteinas (SBD, 2007).

O numero de pessoas com diabetes esta aumentavido do crescimento,
envelhecimento e urbanizacao populacional e auntenfwevaléncia de obesidade e
sedentarismo, bem como a maior sobrevida do paciemn DM (ADA, 2006).
Segundo a Sociedade Brasileira de Diabetes (SBR@) epidemia de DM esta em
curso. Em 1985 estimava-se que existissem 30 nsilluige adultos com DM no
mundo, esse numero cresceu para 135 milhdes em a99§indo 173 milhdes em
2002, com projecao de chegar a 300 milhdes no arz080. Cerca de dois tergos
desses individuos com DM vivem em paises em desémemto, onde a epidemia
tem maior intensidade, com crescente proporcédoessops afetadas em grupos
etarios mais jovens (WILD et al, 2004).

No Brasil, no final dos anos 1980, a prevalénci®®ena populacédo adulta
foi estimada em 7,6%. Dados mais recentes, levastpdr Torquato et al (2003),
apontam para taxas mais elevadas, como 12,1% nzipiorde Ribeirdo Preto, SP.
De acordo com o Sistema de Informacédo de Atenc&ic®a SIAB, o Estado de
Sergipe possui 30.520 diabéticos cadastrados nierspertiva total de 60.000
doentes. Nesse mesmo estado, em 2006 foram caradbd 1.266 casos de
hospitalizacdes devido complicacdes do DM, em 2668 1.235 casos e até julho
de 2009 foram 735 hospitalizacdes (MINISTERIO DAUSIE, 2009).

A natureza cronica do DM, a gravidade de suas boagies e 0S meios
necessarios para controla-las, tornam-a uma daenia onerosa, ndo apenas para
os individuos afetados e suas familia, mas tamb&ma @ sistema de saude. Os
custos diretos com DM variam entre 2,5% e 15% dmrmoento anual de salde,
dependendo de sua prevaléncia e do grau de saf&ticdo tratamento disponivel.
Estimativas do custo no Brasil estdo em torno BebBhdes de ddlares americanos,
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em comparacdo com 0,8 bilhdo para Argentina e BOéd para o Meéxico
(BARCELO et al, 2003; SBD, 2007).

Os custos do DM ndo sdo apenas um problema ecomdis custos
intangiveis como dor, ansiedade, inconveniénciaerla da qualidade de vida
também representam grande impacto na vida desge$dums e de suas familias
(SBD, 2007).

A classificacdo atual do DM proposta pela OrgagéipaMundial da Saude
(OMS) e pela Associacdo Americana de Diabetes (ARAP6) é baseada na sua
etiologia, estabelecida em quatro classes clinibd:tipo 1 (DM 1), DM tipo 2
(DM2), outros tipos especificos de DM e DM gestaalo O DM 1 caracteriza-se
pela auséncia ou diminuicdo da secrecdo de inspktes ilhotas de Langerhans,
causada ou por processo auto-imune, desencadeéddnégracdo complexa entre
fatores genéticos e ambientais que destroem c@luf@ncreaticas responsaveis pela
producdo da insulina, ou por forma idiopatica.oJBM 2 ocorre devido a uma
resisténcia a acdo da insulina e sua etiologiarektéionada, principalmente, com a
obesidade andréide (NOTKINS, 1979; WHO, 1999; DORNRO, 2004; SKYLER,
2004; ADA, 2006).

As complicacbes do diabetes podem ser categorizada® agudas e
cronicas. As complicacbes agudas envolvem a celmsei diabética, o estado
hiperosmolar nao cetético e a hipoglicemia que essociada ao tratamento
inadequado. A cetoacidose predomina no DM tipo rquanto que o quadro
hiperosmolar, no tipo 2. Ja a hipoglicemia € utmayecasional para os usuarios de
hipoglicemiantes orais (DM2), mas relativamentegfiente para os usuarios de
insulina (DM1) (POWERS, 2001).

A cetoacidose e o estado hiperosmolar sado corgligieves causadas por
extrema deficiéncia da acdo insulinica e caraetddg por niveis circulantes
elevados de glicose (> 400 mg/dL). A deficiéncialtou parcial da insulina permite
excessiva producdo de glicose pelo figado, aléntadabolismo de proteinas e
gorduras dos tecidos muscular e adiposo, 0s guaemyaminoacidos e acidos
graxos livres que séo utilizados pelo figado pax@ymir mais glicose e corpos
cetbnicos. A hiperglicemia leva a glicosuria, guduiz diurese osmética, deplecao de
volume, taquicardia, hipotensdo e choque. A higegtia (glicemia <45mg/dL)
induz privacdo de glicose ao cérebro podendo piodiiemores, sudoreses,
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taquicardia, palidez, tonturas, disturbios visuaisfusdo mental, coma e convulsdes
(FREITAS-FOSS & FOSS, 2003; NEGRAO & BARRETO, 2006)

As complicacBes crbnicas da DM advém da hipengliaecronica que pode
causar lesdes por meio de alteracdes metabdliagsalleracbes produzem acumulo
de sorbitol que causa edema celular. A pseudo-tdapakacelular e diminuicdo do
mioinositol reduzem a velocidade de conducao dogoseAlém disso, a glicacao de
proteinas circulantes ou intracelulares afetam gpuegriedades e propicia o dano
tissular (CEFALU, 2001; POWERS, 2001; ROITH, 2001).

A ligacao dos produtos finais de glicacdo avangzata paredes dos vasos
sanguineos predispbe a liberacdo de citoquinastae$a de crescimento, a
aterosclerose, a destruicdo da estrutura e a gterda composicdo vascular,
contribuindo para o aumento da permeabilidade dmessamento arterial. Ha
também diminuicdo da sintese de oxido nitrico, giped produto vasodilatador
derivado do endotélio, aumento da viscosidade $aegue agregacao plaquetéria,
comprometendo assim o fluxo na microcirculacdou@®ento do fluxo sanguineo e
da pressao estimulam o espessamento e a permadbilcpilares. As mudancas
estruturais e funcionais macro e microvasculareteraah a irrigacdo, a
permeabilidade e tdbnus vasomotor, limitando a gédudos tecidos e causando dano
tecidual (CEFALU, 2001; POWERS, 2001; ROITH, 2001).

Estas complicacdbes cronicas s&o classificadas, amgort como
macrovasculares ou microvasculares. As macrovassulase manifestam
clinicamente principalmente através de cardiopa&guémica, acidente vascular
cerebral e doenca vascular periférica. Ja a mismwar pode se manifestar sob a
forma de retinopatias, nefropatias e neuropatiasiteea-motora ou autondmica
gastrointestinal, urogenital e cardiovascular (NAGR& BARRETTO, 2006).

2.2 Diabetes e alteracdes cardiovasculares

Os disturbios do metabolismo da glicose podem cacsaplicacbes que
envolvem doencas cardiovasculares, incluindo hepeéo arterial, doenca arterial
coronariana (DAC) e insuficiéncia cardiaca (IC)ndse que 75% dos pacientes
diabéticos morrem por algum evento cardiovasculANNEL et al, 1974;
GIULIANO et al, 1996; GU et al, 1999).
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Observa-se que dentre as complicacdes cardiaceseafadas por pacientes
diabéticos, denominada cardiomiopatia diabétictiioea fibrose do miocardio, lise
de midcitos, alteracdes ultra-estruturais (FACT@ORI€1981; FACTOR et al, 1984;
FANG et al, 2004), depressdo da contratilidade e relaxamento cardiaco
(RODGERS, 1986; RODRIGUES & McNEILL, 1986; FANGa&t 2004; BORGES
et al, 2006; WICHI et al, 2007), e consequenteudigho sistolica e diastodlica
(VENCO et al., 1987; GROSSMAN et al992; FANG et al, 2004; NEMOTO et al,
2006).

Todas estas alteragcbes manifestam-se de formaseagsa em individuos
hipertensos-diabéticos do que naqueles que apa@sehipertensdo ou diabetes
isoladamente, ressaltando a gravidade da associagfie as duas doencas
(ROSSING et al, 1996). Nesses individuos, o aumelatoresisténcia vascular
periférica devido a disfuncéo arterial induz solrga ao coracdo com consequente
hipertrofia patologica. Esta hipertrofia € obseevgutincipalmente no ventriculo
esquerdo em diabéticos de longo curso, com precantvole glicEmico e de presséo
arterial (POORNIMA et al, 2006).

As alteracBes promovidas pelo catabolismo de cdrdimis e de lipideos e
mudancas eletroliticas de calcio e potassio nousapgdem causar modificagcdes na
estrutura e fisiologia cardiovascular, que, por se&, alteram o registro do
eletrocardiograma (ECG) (PYE et al, 1992; TOMASEI4t al, 1994).

Entre as principais alteragbes observadas no ritardiaco no paciente
diabético, encontra-se o aumento do intervalo @mbem chamado sindrome do
QT longo. O prolongamento do intervalo QT se deveedardo na despolarizacéo
e/ou na repolarizacdo do potencial de agéo cardimovocando o aumento do risco
de arritmias e de morte subita. O intervalo QTavémversamente com a frequéncia
cardiaca (FC), de modo que ele deve ser corrigiaoedacdo a FC, gerando o QT
corrigido (QTc), que é preferencialmente utiliza@e@EUVRAY, 1997; GIUNTI et
al, 2005; KLEIN et al, 2005).

Outros estudos demonstraram no ECG de pacientbstidias um quadro
compativel com doenca arterial coronariana (DAC)cansequente processo
isquémico silencioso, como presenca de depress&eglnento ST (NASS et al,
1998; LEE et al, 2001). Portanto, a avaliagdo d&E®In diabéticos € um valioso
instrumento para avaliar comprometimento da cormldgéritmo elétrico do coracao
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e identificar também anormalidades subclinicas (EE&, 2001; KLEIN et al, 2005;
NYGREN et al, 2007).

A neuropatia autondmica cardiovascular (NAC) é adéria e frequiente
complicagdo do diabetes. A ocorréncia de NAC é&ator preditivo para isquemia
miocérdica silenciosa, desenvolvimento de acideaseular cerebral e morte. Esta
associada com prognostico ruim e pode resultar emifestacées clinicas como
taquicardia de repouso, hipotensdo postural, irftotea ao exercicio e instabilidade
cardiovascular peri e intra-operatoria (VINIK et 2007).Por causa da associacao
com uma variedade de resultados adversos, inclundde, a NAC é a mais
importante e bem estudada forma de neuropatia @uica diabética (VINIK et al,
2003 e 2007).

Em estudos com diabetes experimental em ratostlah(2008), demonstrou
que a NAC pode preceder alteracdes funcionais eutestis do sistema
cardiovascular como rigidez arterial e hipertrofardiaca. Além disso, varios
estudos tém comprovado o envolvimento do sistermezose autondémico cardiaco
como o comprometimento do barorreflexo, quimioeedl, reflexo cardiopulmonar,
balanco autonémico cardiovascular e atividade heimgpéatica tanto em humanos
quanto em ratos diabéticos (DALL'AGO, 1997; HICKS a, 1998; OLIVEIRA,
1999; USTINOVA, 2000; De ANGELIS, 2002 e 2007; HARWMANN, 2007 ).

Portanto o diagnostico precoce da NAC pode sugeau de evolugdo do
comprometimento do sistema cardiovascular na lastéiinica do portador de
diabetes. A avaliacdo, por conseguinte do balamgsistema nervoso autbnomo
cardiovascular pelo uso de diferentes técnicas eéida tem permitido estimar a
contribuicdo desse sistema nas respostas altedaddisbetes associado as doencas
cardiovasculares (De ANGELIS et al, 2004a).

Os parametros mais utilizados para estimar a foatitade do sistema
nervoso autbnomo cardiovascular nos diferentes imiveonstituem-se na
sensibilidade dos reflexos barorreceptor e quiracaptor arterial, cardiopulmonar,
andlise da variabilidade da freqUéncia cardiaceessgo arterial, além da atividade
neuronal simpéatica (COSTA et al, 2004; DallAGQOa&t1997; De ANGELIS et al,
2002; MIKI et al, 2004). A avaliacdo de tais parénoe pode servir, portanto, como
preditor precoce de envolvimento do sistema caediowlar nas complicacbes do
diabetes.
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Diante das limitacbes impostas pelo diabetes, tsenamprescindivel a
melhor compreensdo dos mecanismos patolégicos @detdls e de suas
complicacfes, a procura de um tratamento capazuwkeiliuir para a melhora das
alteracdes endocrino-metabdlicas causadas pelaa@grprincipalmente, as lesdes
cronicas sobre os diferentes 6rgdos. Neste patjcnd estudos experimentais sobre

o diabetes tém sido extremamente necessarios.

2.3 DiabetedMellitus experimental

Estudos envolvendo pacientes diabéticos sédo frégmente inconclusivos
em relacdo aos mecanismos patologicos da doengasead complicacées a longo
prazo. Isso deve-se a complexidade da sindromé¢aevatiabilidade do controle
glicémico entre os pacientes. Além disso, estudoshemanos possuem Varias
limitacGes praticas e éticas que podem ser cordampelo uso de modelos animais,
0s quais tém fornecido importantes informacbes efacéio aos mecanismos
celulares e moleculares fundamentais para a comgieeda fisiopatologia do
diabetes (SURWIT & WILLIAMS, 1996; RODRIGUES et 4999).

Existem varios modelos experimentais de diabetediaDetes em animais
pode ser produzido por cirurgia, agentes quimicakezacées genéticas. Dentre as
formas de indugdo mais utilizadas esta a inducéuiga. A inducéo quimica do DM
experimental € amplamente utilizada para se irgastas complicacdes causadas
pelo DM e avaliar possiveis efeitos de intervenc@mspéuticas nesse grupo
populacional. Os agentes quimicos diabetogénicas mtdizados pela comunidade
cientifica sdo a streptozotocina (STZ) e a alox@iaX) (BATTELL et al, 1999;
SZKUDELSKI, 2001).

O mecanismo de acdo téxico da STZ inicia-se peleadam nas ceélulap-
pancreaticas. Isto ocorre devido a alta afinidadeS@Z aos receptores GLUT2
presentes na membrana plasmatica. A entrada dgp®Vaca alquilacdo do DNA.
O dano ao DNA induz ativacao de poli ribozilacadoAd¥, um processo que é mais
importante para o efeito diabetogénico da STZ do@udano ao DNA diretamente.
A poli ribozilacdo do ADP conduz a deplecdo de NA®ATP. O aumento da
defosforilagcdo do ATP fornece substrato para anemzantina oxidase resultando na
formacao de radicais superoxidos. Consequentempetéxido de hidrogénio e
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radicais hidroxilas sdo também gerados. Ademaig, IB€ra quantidades toxicas de
oxido nitrico, o qual inibe a atividade da enzint@ratase e participa do dano ao
DNA. Como resultado as células célulagpancreaticas sofrem destruigdo por
necorse (BATTELL et al, 1999; SZKUDELSKI et al, 398 2001).

A acdo citotdéxica do agente diabetogénico ALX, gossui alta afinidade
pelas célulag-pancreaticas, € mediada por EROs. ALX e o prodatsua reducéo,

o &cido dialurdnico, estabelecem um ciclo redox canformacdo de radicais
superoxidos. Esses radicais sado dismutados a gerdgihidrogénio, posteriormente
sao formados radicais altamente reativos de hidrgdla reacdo de Fenton. A acdo
das EROs associado ao aumento maci¢o na concenttagalcio citosolico causam
rapida destruicdo das célulggpancreaticas. O aumento maci¢o da concentragdo de
calcio deve-se tanto pelo aumento do influxo extirdar, quanto pela liberacdo dos
estoques intracelulares de célcio e limitada ebg@o do citosol (BATTELL et al,
1999; SZKUDELSKI et al, 1998 e 2001).

A destruicdo de grande parte das célutagancreaticas pela aloxana
impossibilita a produgcdo de insulina necesséaria plgmanda do organismo. A
auséncia de insulina produz um estado hiperglia&ngaracteristico do diabetes
mellitus, associado a sintomas como polidria, palia e polifagia (LEZEN, 1988;
SKUDELSKI, 2001).

Apesar da seletividade pelas célulxgpancreaticas, segundo Szkudelski
(1998), a ALX também causa sobrecarga oxidativa oertnos 6rgdos como no
figado. Entretanto a capacidade antioxidante hepétimaior que a dose necessaria
para citotoxidade das célulpgpancreaticas. Doses excessivas de ALX podem levar
a morte decorrente de necrose toxica da céluldautenal (LENZEN et al, 1996).

O modelo experimental de DM induzido pela aloxéngortanto do tipo 1,
caracterizado pela auséncia ou significativa redug@ insulina proporcionando
desequilibrio na homeostase glicémica. SegundodreaZ’anten (1988), os animais
diabéticos induzidos pela aloxana apresentam sag@emelhantes aos encontrados
no DM humano, tais como perda de peso, politrifidipsia, polifagia, glicosuria,
cetondria, hipoinsulinemia, hiperglicemia e cetormerisse modelo também induz o
desenvolvimento do diabetes associado a um quadnipdrtensdo arterial sistémica
(VADLAMUDI, 1983; KULKARNI et al, 2002).
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2.4 DM e exercicio fisico

Os objetivos principais no tratamento do DM saotmdar os niveis de
glicemia e os fatores de risco coexistente de dmemardiovasculares, além de
prevenir ou reduzir a progressao de complicac@asaas. Isto pode ser conseguido
pela combinacdo de dieta, interrupcédo do tabagisrilizacdo de insulina ou de
medicamentos hipoglicemiantes e pratica regulaexircicio fisico (PAN et al,
1997).

Os beneficios cardiovasculares, metabdlicos enéatiros observados com o
exercicio fisico agudo e crénico tém levado muitogestigadores a sugerir 0
treinamento fisico como uma conduta ndao farmaccédgnportante no tratamento
de diferentes patologias como o diabetes, a hipste arterial e a insuficiéncia
cardiaca (JENNINGS et al, 1986; TIPTON et al, 1995LBERGHERIKSSON et
al, 1998).

Estudos epidemioldgicos e de intervencdo tém dstramo que € possivel
diminuir significativamente a incidéncia de nova@sa@s de DM ou diminuir suas
complicagcBes através de medidas de intervencdo @mealizacdo de exercicio
fisico regular e educacdo alimentar (EDELSTEIN letl897; BARZILAV et al,
1999; TUOMILEHTO et al, 2001; CASTANEDA et al, 20812002).

O treinamento fisico (TF) adequado proporciona irngmes ajustes
metabdlicos, neuroenddécrinos e cardiovascularestriboindo para prevencao,
reducdo e reversdo das alteracbes metabolicas iabstidos e melhorando a
qualidade de vida desses individuos. As alterap@esistentes na estrutura ou na
funcdo do organismo sdo particularmente ocasionadasresposta ao estimulo
gerado pelo exercicio fisico repetido sistematicame ao longo do tempo (DORN
et al, 2001; TANCREDE et al, 2002; ADA, 2004; LaMDRl et al, 2005).

Vérios estudos tém demonstrado a importancia dadrmanejo da glicemia
plasmatica de diabéticos (TUOMILEHTO et al, 2005STANEDA et al, 2001 e
2002; CAMACHO et al, 2005). Entre os fatores quelhmm a homeostase
glicémica por aumentar a captacdo de glicose cetlueante o exercicio, pode-se
destacar principalmente, o aumento da translocdeaeesiculas contendo GLUT4
para a membrana da célula muscular. Este mecarigracelular de translocacéo

ndo € completamente compreendido, mas é independeritisulina. O aumento da
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concentracdo de calcio, o estimulo da enzima srtaxido nitrico, ou até mesmo
a hipoxia proporcionadas pela contracdo musculdempoestar envolvidas nesse
processo de sinalizacdo (GOODYEAR & KAHN, 1998; HEKSEN, 2002;
KROOK et al, 2004; JESSEN & GOODYEAR, 2005).

Esses resultados sdo reforcados por pesquisasegiieavam a auséncia de
envolvimento na ativacdo de sinalizacdo insulirpe@a a entrada de glicose na
célula, demonstrada pela caréncia de fosforilagioedeptor de insulina, de seus
substratos (IRS-1 e IRS-2) e nem da enzima fodfatditol-3-quinase (PI3K)
durante o exercicio (GOODYEAR & KAHN, 1998). Alénisso, foi demonstrado
que a proteina quinase estimulada por AMP (AMPKE gao participa da cascata
insulinica, também é estimulada pela contracdo narIs¢(GOODYEAR & KAHN,
1998; MUSI et al, 2001; RYDER, 2001; HENRIKSEN, 206BAKAMAOTO &
GOODYEAR, 2002).

Portanto observa-se que a via insulino-independpata a captacdo da
glicose durante o exercicio € fundamental parantral@ da glicemia plasmatica em
diabéticos até porque durante o exercicio ha digiiouda secrecdo de insulina e
aumento dos horménios contra-regulatérios (NEGRABARRETTO, 2006).

Entretanto os beneficios do TF na populacdo diedégieo se restringem
apenas aos efeitos agudos. Dentre os efeitos omic TF proporcionados por
adaptacdes metabodlicas pode-se observar a redag@sidténcia insulinica devido
ao aumento da sensibilidade de seus receptoresun@ndéo da sensibilidade a
insulina facilita a captacéo de glicose durantepmuso, contribuindo para a reducao
da quantidade de insulina exdégena administradamAtisso, alguns estudos
demonstraram aumento dos estoques de glicogénioutaug hepéatico (NEGRAO
& BARRETTO, 2006).

Estudos realizados em humanos tém demonstradoigoétidos submetidos
ao treinamento fisico aerébio (TFA) apresentararmemio na sensibilidade a
insulina, reducdo na sua dose diaria, melhorametica e no consumo de oxigénio,
diminuicdo das complicagbes crénicas do DM, melhwacontrole de fatores de
risco para doencas cardiovasculares associadasMaacd®no reducdo da pressao
arterial (PA), frequéncia cardiaca (FC), peso caipe stress oxidativo (ACSM,
2000; CIOLAC & GUIMARAES, 2002; GOTO et al, 200CIOLAC &
GUIMARAES, 2004; ADA 2004; SASAKI & SANTOS, 2006
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O TF também diminui os niveis circulantes de amgisina, aldosterona,
vasopresina e endotelina, como também reduz ossmdeecitocinas, entre elas o
fator de necrose tumoral alfa e a interleucinat® gstdo diretamente associadas a
maior ativacdo do sistema renina-angiotensina isfamtéo endotelial (LEVINE et
al, 1990; BRAITH et al, 1999; MAEDA et al, 2001).

Outros estudos demonstraram as contribuicbes doamnento fisico no
sistema nervoso autdénomo (SNA), tanto em animaig@is, como na neuropatia
autonOmica cardiovascular (NAC) presente no disgbddentre estas contribuicbes
podem se citar melhora na sensibilidade barorrefleximiorreflexa e receptores
cardiopulmonares, além de melhora do balanco aot@obcardiovascular. Nesses
estudos pbde-se observar uma reducao na atividagatga e aumento da atividade
parassimpatica contribuindo para reducédo dos fatdeerisco cardiovasculares (De
ANGELIS, et al, 2000; LOIMAALA et al, 2003; COSTA al, 2004; ANGELIS, et
al, 2004b; IRYGOYEN et al, 2005; HARTHMANN et al0@7).

Por outro lado, o RT néo esté isento de efeitofadesiveis. Nesse sentido
alguns estudos demonstraram que intensidades akevdd treinamento fisico
resistido, que é caracterizado por um forte compi@negsomeétrico, podem induzir
hipertrofia cardiaca concéntrica e rigidez arteraasionada pela sobrecarga de
pressdo (KAWANO et al, 2007; MIHL, at al, 2008). teatanto os estimulos
moleculares e celulares para tais efeitos ainda s@@o claros. Esses resultados
demonstram que intensidades elevadas de RT devesgndesencorajadas na
reabilitacdo cardiovascular.

Segundo Graves e Franklin (2006) ndo ha publicag@éo estudos
epidemioldgicos ou experimentos clinicos sobrefegos do exercicio resistido na
prevencdo do DM tipo 2 ou na administracdo glicando DM dos tipos 1 ou 2.
Entretanto sé recentemente um numero limitado tieles tem demonstrado o valor
potencial e relativa seguranca do treinamentotigsiao portador de DM.

Este tipo de treinamento fisico tem como principecanismo bioldgico,
aparentemente envolvido no controle glicémico, peftiofia da musculatura
esquelética. Esta hipertrofia caracteriza-se pelmemto das taxas de sintese
protéica, com aumento associado na absorcédo desglie sensibilidade a insulina,
além de adaptacdes cardiovasculares como o efpidtehsor arterial (FARREL et
al, 1998; POLLOCK et al, 2000; FLETCHER et al, 200CIOLAC &
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GUIMARAES, 2004; SANCHEZ & LEON, 2006). Segundo rkola et al e
Eriksson et al, (1997) o TFR em diabéticos tambd@mdpaz de reduzir a HbAlc.

Esse tipo de treinamento € considerado relativarsaguro para aumentar a
forca muscular e melhorar a qualidade de vida tamt@dultos saudaveis quanto em
idosos ou portadores de comprometimentos cardiolaass. Um método seguro e
nao invasivo que tem sido utilizado para avaligrabalho do miocardio, durante o
repouso ou esforgos fisicos € o calculo do dupbohpio (DP)(frequéncia cardiaca
multiplicada pela pressao arterial sistolica), @psesenta uma forte correlagdo com
0 consumo de oxigénio pelo miocardio. Valores nedévados representam maior
estresse cardiovascular. Logo trata-se de umavedréstreitamente relacionada
com seguranca da atividade (GOBEL et al, 1994; EHRIBAUM et al, 1999;
POLLOCK et al, 1994; ACSM, 2000b; POLITO & FARINAT,12003).

Alguns estudos mostram que os valores do DP doecieiss resistidos
costumam ser menores do que os observados emadtgicherobias de intensidade
moderada em razdo de uma menor resposta de pea pa (DEBUSK et al, 1978;
POLLOCK et al, 2000).

Outro fator que justifica a utilizacdo do TFR é qu progressédo da doenca
torna o diabético mais debilitado e pode limitagara pratica de atividades
aerobicas. Baseado nestas observacdes postula-setginamento resistido poderia
ser util no gerenciamento do DM.

Existem, portanto, evidéncias na literatura de guéreinamento fisico
contribui de maneira significativa para a melhom mhanejo glicémico e as
complicacbes do DM. Por conseguinte devem ser deradas tanto atividades
aerdbias quanto resistidas na elaboracdo de urocpfotde treinamento para o
portador de DM, maximizando assim, os beneficiosnads da prética regular do
exercicio fisico. Estas atividades devem ter cobjetivos tanto prevencao, quanto
tratamento das complicacbes do DM, representandm significativa melhora na

funcao dos diversos sistemas organicos acometelosiabetes.
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3 OBJETIVOS

3.1 OBJETIVO GERAL

. Avaliar os efeitos do treinamento fisico resistislmbre o balanco

autondmico cardiaco de ratos diabéticos induziets gdoxana.

3.2 OBJETIVOS ESPECIFICOS

. Avaliar em ratos diabéticos os efeitos do TFR sobre

Glicemia;
Pressao arterial (PA) e Frequéncia Cardiaca (FC);
Sensibilidade barorreflexa arterial (SBA);

Variabilidade da frequéncia cardiaca (VFC);

o O O O o

Repolarizagdo ventricular.
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ABSTRACT

This study aimed to evaluate the effects of rescadraining on blood pressure,
baroreflex sensitivity, cardiac autonomic balancd @entricular repolarization in
diabetic rats. Cardiovascular evaluation was paréatin conscious trained and
sedentary animals, 8 weeks after the onset of thalwath alloxan or control animals.
The resistance training consisted of 3 sets oepetitions performed at 40% of one
repetition maximum test, 3 days/wk over 8 wks inaetraining apparatus. Blood
pressure was monitored for 30 min 48 h after thetlaining session or time control.
Baroreflex sensitivity was analyzed by sequencénateind cardiac autonomic
balance by heart rate variability in the frequedoynain. After 8 wks, the diabetes
significantly increased glycemia (from 83 * 8 tal3841 mg/dl, p<0.05), mean
blood pressure (from 104.7 £ 5.4 to 125.1 £+ 5.4 ngnp¥k0.05), QTc interval (from
4.4+0.1t05.1+0.1 ms, p<0.05), reduced balexefensitivity (from 2.01 £ 0.3 to
0.38 £ 0.1 ms/mmHg, p<0.05) and impaired the cardigonomic balance.
Resistance training was able to produce significagitiction on the glycemia (270 +
17 mg/dl, p<0.05), prevented the increase of méamdopressure (108 £ 3 mmHg,
p<0.001) and QTc interval (4.6 £ 0.1 ms, p<0.04¢, teduction of baroreflex
sensitivity (2.63 = 0.5 ms/mmHg, p<0.01) and dis&urce on the cardiac autonomic
balance. These results suggest that resistano@tzgiromotes a better glycemic
control, prevents hypertension and improves bamrefensitivity and cardiac

autonomic balance in alloxan diabetic rats.

Keywords: diabetes mellitus, exercise, blood pressure,rbiex sensitivity,

autonomic nervous system.
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INTRODUCTION

The incidence of diabetes mellitus (DM) in a modswooiety has been rising at
epidemic rates, mostly related to an increasearptievalence of obesity associated
with sedentary lifestyleDM is a chronic metabolic disorder associated twsdary
complications in the cardiovascular system, suamiasoangiopathy,
atherosclerosis, hypertension and autonomic netirpga, 2).

Cardiac autonomic neuropathy is a major causerdi@zascular complications in
diabetes and it is closely with cardiovascular ¢v@as silent myocardial ischemia,
stroke and sudden death (3). There are severaitsegfiowing that Cardiac
autonomic neuropathy produce abnormalities in #agthcontrol and cardiovascular
dynamics (4), affecting the autonomic modulatibthe sinus node, reducing heart
rate variability (HRV) and impairing baroreflex sgtivity (BRS) (5, 6). Several
methods of assessing cardiovascular function haea mtroduced for the diagnosis
of autonomic neuropathy in diabetes increasingkaowledgement about autonomic
control of the cardiovascular system and the aasetipathophysiological
mechanisms, both in patients (7) and in experinhemtaels (8, 9).

Exercise training has been one of the non-pharlogical interventions indicated
for preventing or controlling cardiovascular comaptions associated to diabetes
(10,11), and there are several studiesshowingftbetge of endurance training (ET)
protocols on diabetes and its cardiovascular caraptins (12, 13). However, the
cardiovascular adaptations induced by resistaagang (RT) are not well
documented. Thus the purpose of the present stadytavdetermine the effects of
chronic RT on blood pressure, heart rate, barore#asitivity, cardiac autonomic

balance and ECG in alloxan-diabetic rats.
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METHODS

Animals

Experiments were performed in male wistar rats hieig between 250 and 300 g.
The animals were housed in individual cages witle iccess to water and food, at a
constant temperature of 22 %CJ, on a 12 h light/dark cycle. All experimental
protocols were in accordance with the Guidelinesthical Care of Experimental
Animals and were approved by the Animal ResearbitEICommittee of the

Federal University of Sergipe.

Diabetes Induction

Diabetes was induced by a single injection of @l¥ALX) diluted in saline (40
mg/kg of body weight, i.v., pH 4.5, Sigma ChemiCal, St Louis, MO, USA),
administered 2 wks before the start of exercigaitrg protocols. The sedentary
control group (SC) (n = 8) received the same voloimeehicle. The rats were fasted
for 12 h before ALX or vehicle injection. One weafker, only the animals with
plasma glucose above 200 mg/dl evaluated by gluaoakyse(Accu-chek
Advantage II, Roche, Séo Paulo, BranBre included in diabetic group. Before the
beginning of experiments, the diabetic animals wanelomized in sedentary (SD)

(n = 8) or trained (TD) (n = 8) groups.

Exercise training

Diabetic animals allocated in the trained groujofeed a protocol where the
hindlimbs of all exercised rats were trained witssions of weight lifting as
described in detail elsewhdi?l). Before start the exercise training, rats were

adapted for 1 week. Rats fitted with a canvas jacleze able to regulate the twisting
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and flexion of their torsos and were suspendedsitaadard position on their hind
limbs. An electrical stimulation (20 V, 0.3 s duoatt, at 3 s intervals) delivered by an
electro stimulator (Bioset, Physiotonus four, m6&@ Rio Claro, SP-Brazil) was
applied to the tail of the animal through a selieglve surface electrode (Valu
Trode, model CF3200, size 3.2cm, Axekgeerd, Fatlkr@€A, EUA). As a result, the
rats flexed their legs repeatedly, which lifted wight-arm of the training
apparatus. The exercise session involved 3 sdi§ mdpetitions (lifts) with ~1 min
rest between each set preformed 3 times a wk d8rimgs. The exercises were
started after 1 week of adaptation. After measurg¢roethe maximum weight lifted
(1RM) with the squat-training apparatus, the tragniioad was set at 40% of 1RM.
The training load was adjusted each 15 days by 1é&vuntil finishing the exercise

training to maintain the same load during all expental protocol.

Cardiovascular assessments

At the end of the eighth week of exercise trairongime control, rats were
anaesthetize5 mg/kg, i.p., Thiopentax, Cristalia, ItapiraP,Brazil) and a
polyethylene catheter (PESggment of PE-10 (internal and external diameté€x.28
mm and 0.61, respectively) was placed into thet figimoral artery for the direct
measurement of blood pressure (BP). Thereaftestreties were subcutaneously
implanted into the thorax for ECG records on Idazbhfiguration. Catheters and
wire from ECG electrodes were exteriorized throtighback of the neck and the
incision was suturedConscious rats were studied 24 h after surgicalquore and
were allowed to move freely during the experimemntse arteriacathetersvas
connected to a pressure transducer (Edwards Léflesej Irvine, CA, USA) and after

30 min to stabilizing BP signals were recorded n8f¥enin by a microcomputer
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equipped with an analogue-to-digital converter dd&ioData, Jodo Pessoa, PB,
Brazil ). The data were recorded with 2 kHz sangpfrequency and were analyzed
on a beat-to-beat basis to quantify changes in rB€aand HR.

The baroreflex control of HR was assessed thropghtaneous changes in arterial
pressure and pulse interval by the sequence megsxibed by Bertinieri and
coworkers (15). Ramps of progressive increaseslaockases in systolic arterial
pressure were automatically detected ifii€ats of pulsatile arterial pressure
recordings using the freely available HemoLab compsoftware
(http://www.intergate.com/_harald/ HemoLab/Hemdfhaiml). Sequences defined
ramps of four or more systolic arterial pressueesassociated with parallel
changes in pulse interval, i.e., systolic artgur@ssure increases and pulse interval
lengthenings, as well as systolic arterial presdeeases and pulse interval
shortenings. The spontaneous BRS was calculatedtfre slope (ms/mmHg) of
linear regression lines between the systolic att@ressure and the subsequent pulse
interval. Only regression lines with a correlatmefficient higher than 0.85 were
considered (16).

The cardiac autonomic balanc@AB) was evaluated bigeart rate variability
through spectral analysi§he spectral density of the various frequency comepts
of systolic arterial pressure and heart rate wlsutzied using Fast Fourier
Transform (Kubios HRV, Department of Physics, Unsity of Kuopio, Kuopio,
Finland). This analysis requires data collectegqatal time intervals. Therefore, the
beat-to-beat systolic arterial pressure and hasgtdata were converted into data
points every 100 ms using a cubic spline interpaatl he interpolated series were
divided into half-overlapping sequential sets o2 Blhta points. The spectra obtained

for the different data sets was averaged in o@attenuate the contribution of
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variable noise and to sharpen the reproducibletisgigeaks. The averaged spectra
were integrated in three frequency bands defined.&s(0.01 to 0.04 Hz), LF (0.04
to 0.15 Hz) and HF (0.15 to 0.4 Hz). This procecheanitted the automatic
quantification of the center frequency and the posfeach relevant component in

absolute as well as in normalized.

Electrocardiographic parameters

Subcutaneous electrodes were implanted to evaheateicular repolarization in DIl
derivation. At the end of blood pressure recordthg,electrodes were connected to
a bioelectric amplifier (bioData, Model BD-019ao Pessoa, PB, Brazil), the ECG
was continuously sampled (2000 Hz) for a perioB®Mmin, and QRS, PR, QT and

QTc intervals were evaluatedterval QTc was calculated by using Bazetts formula
Statistical Analysis

Values are expressed as mean + standard error (8EM). When appropriate
Student’s test or one way ANOVA with Bonferroni ptsst were conducted in order
to evaluate the significance of differences betwmeans. Significant values were
considered those whose differences were lower3P&nAll statistical analyses were

done by using Graph Pad Pristhversion 3.02 software.

RESULTS

Animals submitted to resistance training preseatedcrease in the workload
(Initial: 900 £ 77 and final: 1340 + 67 g, p<0.08iudent’s test). ALX treated
animals developed severe and significant hyperghyaénitial (SD: 320 £ 26 and

TD: 340 £ 21 mg/dl) when compared with control aaisn(SC: 83 + 8 mg/dI,
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p<0.001 one-way ANOVA). However, after experimemadtocol it was
significantly reduced in the trained animals (TD02 17 mg/dl, p<0.05 vs. SD
Student’s test) and significantly increased in s¢éaly animals (SD: 381 + 41 mg/dl,
p<0.05 Student’s test).

The cardiovascular evaluations from all groupspaiesented in table 1. SD animals
presented higher SBP and MAP levels when compated®R$ was effective in
preventing the changes in these parameters. TheadsRot altered by the diabetes,
however RT was able to produce bradycardia. As shoviigure 1, spontaneous
BRS was lower in SD (0.38 £ 0.1 ms/mmHg) when camgdo the SC animals
(2.01 £ 0.3 ms/mmHg, p<0.05). This BRS impairmeaswestrained by RT (2.63 £
0.5 ms/mmHg, p<0.01).

Figure 2 shows a schematic picture of pulse intdoygper panel) and spectra of
pulse interval (lower panel) of an animal repreagw from each group: sedentary
control (SC), sedentary diabetic (SD) and trainedetic (TD).

Power band from LF and HF in normalized units af¢HF ratio are presented in
figure 3 A and B respectively. SD animals preseittecease LF (from 41.2 £ 2.1 to
59.2 + 4.4 n.u.) and decrease HF band (from 54 to 40.8 + 4.4 n.u.) when
compared to the SC animals (p<0.05). NevertheREgromoted a decrease LF
(37.9 £ 3.4 n.u.) and increase HF band (62.1 314 when compared to the SD
animals (p<0.05). On the CAB LF/HF ratio was higimeD animals (from 0.71 +
0.06 to 1.67 + 0.31 Msp<0.01), however the RT was able to preventitftieease
(0.63 + 0.11 s p<0.01).

As shown in table 2, the ECG analyses showed hieaé twas &engthening in QTc
interval in DS when compared with SC animals (p@Q)0In DT animals, the

lengthening in QTc interval was not observed.
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DISCUSSION

The purpose of this study was to evaluate the hgnmeodic and autonomic
responses promoted by RT in diabetic rats. Theeatistudy showed, for the first
time to our knowledge, that alloxan-induced diabgieduces BRS and CAB
dysfunctions in rats and that RT was able to pretream. Furthermore RT improved
glucose control, prevented the increase of BP mapidaved QTc interval. The 1RM
was used as an index of training efficiency andntlagimal strength achieved by the
rats was used to determine the training load ami@toonstrate training adaptation.
Increased workload demonstrated efficiency of thaglel of exercise training in
diabetic rats. This same efficiency was observegthers studies by using normal
animals (17, 18).

It is known that the poor glycemic control increafiee risk of cardiovascular
complications and mortality in patients with DM (1) our study, the glycemia was
reduced in diabetic animals submitted to RT. Siryileo other studies (19, 20), our
results showed effectiveness of RT in improvingcgiyic control in DM. Despite
this reduction in glucose levels was not enougtestore the normal glycemia, it
appears have contributed to avoid the developnfeanitonomic unbalance during
our experimental period. Clinical studies have destiated that autonomic
unbalance can be prevented or controlled by impigpthe glycemic control (21,
22).

The majority of animal studies that investigate ¢hediovascular effects in diabetic
rats uses streptozotocin (STZ) as diabetogenictd§ef, 23), however in our study
was used ALX since there are studies in the liteeathat reported the diabetogenic

proprieties of this drug (24). The cardiovasculéeas from STZ-induced diabetes
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have been widely described in the literature (8, @bd they are summarized as:
hypotension, bradycardia, decreased baroreflexayadn heart rate variability
characterized mainly by reduction in vagal andease in sympathetic tonus (26). In
the present study, BP was significantly higherha&imals. These results are in
agreement with findings of other studies that sttbhigher BP levels when
normotensive rats are made diabetic with ALX (23), Zhis increase in BP seems to
be due an increase of oxidative stress and constgueduction of availability

nitric oxide to vascular tissue (29). The assoaratf DM and hypertension in
humans is well documented (30). Therefore, thisehptbduces cardiovascular
changes more closely related to the human diabetes.

This study suggests that RT applied 40% of 1RM aas to reduce BP. Other
investigations demonstrated similar results bub\wigher workloads as 65 and 75%
in normal animals (17, 18). The literature is comérsial regarding to the RT effect
on hemodynamic parameters. Recent studies exarthirezffects of RT on BP
showing that dynamic RT is associated with a desingan resting systolic and
diastolic BP in hypertensive adults (31, 32). Cosely, others studies that evaluated
the effect of RT on BP in hypertensive patientdwype 2 DM showed that the RT
has no effect on resting BP. The difference betvikege studies can be related to
the variation in the duration of the RT or the wodd applied (17, 18).

The bradycardia observed in the present study imiibals corroborates the results
of longitudinal studies involving resistance sherm training (33, 34) and is a
reversible common adaptation mainly after ET.

The results obtained so far show that ALX was ableducing diabetes associated
with hypertension and the RT was able to inductebétness, reduce

hyperglycemia and prevent development of hypertenisi ALX-diabetic animals.
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A number of factors are involved in the pathogeneshypertension when it is
associated with DM as sodium retention, extracailtilid volume overload, altered
activity of sympathetic nervous system, renin ategisina system and increased
vascular reactivity towards norepinephrine and ategisin 11 (35). In order to
evaluate the possible mechanisms involved in thdi@zascular changes induced by
ALX and RT in diabetic animals were investigated #nterial baroreflex and
autonomic nervous system participation by using BR& HRV analysis.

The analysis of the simpatho-vagal balance by mehtie LF/HF ratio showed a
sympathetic predominance in DS animals while im&ad animals the simpatho-
vagal balance shifted to a parasympathetic tones@ hesults show that ALX
induces cardiac autonomic neuropathy which is dtaraed by reduction of the
baroreflex sensitivity, higher sympathetic activatyd lower parasympathetic
activity.

Other study demonstrated parasympathetic denervatithe heart with ALX (36).
Several studies demonstrated impairment on BR3H&\, however on diabetic

rats induced with STZ (6, 23). The disturbanceymgatho-vagal balance associated
with the diminished BRS is similar to the cardiatcomic neuropathy described in
human diabetes.

In addition, RT was able to improve arterial bafleegain associated with
increased parasympathetic activity. Therefores gassible that autonomic
modulation induced by RT plays a role in the hypeiee and bradycardic effects in
ALX diabetic animals.

There are evidences that demonstrate improvemd®R$ and HRV with ET in
diabetes (12, 37), but the literature about RTat$fen autonomic nervous system is

poor.
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There is experimental evidence of a protectivectié vagal stimulation on
ventricular electrical vulnerability, correlatinget parasympathetic underactivity the
development of lethal arrhythmias (38). This prbotecappears to have been lost in
our SD animals confirmed by their longer QT and Qervals. The calculation of
the QTc interval allows a better analysis of cardepolarization independent of the
duration of the RR interval. Depending on the magta of increase of QTc interval,
it could mean higher duration of ventricular repiation. Studies have
demonstratethcreased QTc interval in diabetic humans andabissidered a
precursor of increased risk of sudden death (38, 39

On the other hand, to check if the bradycardia@edupossibly by higher
parasympathetic activity observed in TD animals Mqotentially increase other
eletrocardiographic variables besides R-R intethvalPR, QRS, QT and QTc
intervals were evaluated. Our results supportiainduces bradycardia without
altering QTc interval in ALX diabetic rats. It mesathat RT did not bring any
prejudice to the time of ventricle repolarizatidio significant differences were

observed in the other electrocardiographic vargbtadied (PR and QRS intervals).

Perspectives

The results of the present study provide evideacéhke effectiveness of RT in
reducing some of the cardiovascular complicati@s®aiated with DM. Therefore
RT can be used as a safe non-pharmacological thésathe treatment of human
diabetes associated to hypertension. However thgille mechanisms involved in
these effects need to be more clarify. The maimesan baroreflex sensitivity and

heart rate variability caused by resistance trgimxercise training suggest
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peripheral modulation of autonomic system. The & will investigate possible

participation of central autonomic modulation.

In conclusion, these results indicate that ALX ioelsi diabetes associated to cardiac
neuropathy and the RT was able to get better gliceantrol and prevent

cardiovascular complications from diabetes. In &aldj they suggest that the effects
of RT to prevent the increase in blood pressure iawolvement of BRS and cardiac

autonomic balance.
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Figure legends

Figure 1. Arterial baroreflex gain after experimental praibim Sedentary Control
(SC) (n = 8), Sedentary Diabetic (SD) (n = 8) amdifed Diabetic (TD) (n = 8).
Data are presented as means £ SEM. To evaluatzaiiffe between groups, it was
used one-way ANOVA followed by Bonferroni post-te§t<0.05 SD vs SC;

"p<0.01 TDvs SD.

Figure 2. Schematic picture of pulse interval (upper panet) spectra of pulse
interval (lower panel) of an animal representatreen each group: Sedentary

Control (SC), Sedentary Diabetic (SD) and Trainéabbtic (TD).

Figure 3: Analysis of spectral power in normalized unitsu(J(A) and in m$(B) of
cardiac autonomic balance in Sedentary Control ((8€8), Sedentary (SD)(n = 8)
and Trained (TD)(n = 8) diabetic rats. LF = Lowduence; HF = High frequence.
Data are presented as means £ SEM. To evaluatzatiffe between groups, it was
used one-way ANOVA followed by Bonferroni post-te§t<0.05 SDvs SC,;

'p<0.05 TDvs SD; **p<0.01 SDvs SC and'p<0.01 TDvs SD.



Table legends

Table 1.Cardiovascular evaluation in Sedentary Controtlegéary and Trained

diabetic rats.

Table 2.PR, QRS, QT and QTc intervals from ECG in Sedgn@amtrol,

Sedentary and Trained Diabetic rats.
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Figure 3
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Table 1
Parameters SC SD TD
(n=28) (n=28) (n=28)
SBP (mmHg)  138.1+1.7  171.6+4.1** 132.7+83%7
DBP (mmHg) 87.8+2.7 102.4+7.8 84.8+5.4
MAP (mmHg) 104.7 +5.4 125.1 + 5.4* 100.7 + 4.2
PP (mmHg) 50.1+ 3.5 68.1+ 7.7 A7.8+4.7

HR (bpm)  361.7+11.3 386.1+24.2 298.4 +"12

SBP = systolic blood pressure; DBP = diastolic blpoessure; MAP = mean arterial
pressure; PP = pulse pressure; HR= heart rate; S€&lentary Control; SD =
Sedentary Diabetic; TD = Trained Diabetic. Valuesmeans + SEM. To evaluate
difference between groups, it was used one-way AN@\/owed by Bonferroni

post-test. * p<0.05, *** p<0.0¥s SC"p<0.01 and " p<0.001vs SD group.
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Table 2
Intervals SC SD TD
(ms) (n=28) (n=18) (n=28)
PR 39+23 42 + 0.6 35+1.8
QRS 36+1 33+2 33+2
QT 572 70 + 2** 623
QTc 4.4+0.1 5101 46407

SC = Sedentary Control; SD = Sedentary Diabetic=TDained Diabetic. Values
are means + SEM. To evaluate difference betweempgrat was used one-way
ANOVA followed by Bonferroni post-test. **p<0.01}* p<0.001vs SC and

Mp<0.04s SD.
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5 CONCLUSAO

Este estudo demonstra pela primeira vez, ao nossbecimento, que as
alteracdes cardiovasculares envolvidas no diabetgszido pela aloxana em
ratos, possivelmente envolve comprometimento dsilsiiddade barorreflexa e
balanco autonémico cardiaco. Tal desbalanco é teaizaxlo pela retirada
vagal a qual produz prolongamento no intervalo QNIém disso, demonstra
que o exercicio resistido é eficaz na melhora ddrote glicémico e reduz os
niveis de pressao arterial no diabetes. Tambénemwsid, pela primeira vez
nesse modelo, que as alteracBes cardiovasculamgsorpionadas pelo
treinamento fisico resistido de intensidade levediabetes, possivelmente
envolve melhora nos mecanismos de sensibilidaderreflexa e balanco
autondmico cardiaco, o qual caracteriza-se peldopmmancia parassimpética.
Porfim que o treinamento foi capaz de impedir dgirgamento do intervalo
QTc.
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PERSPECTIVAS
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6 PERSPECTIVAS

Investigar se ha participacdo de modulacdo ceatrtdndmica cardiaca sobre a

hemodinamica de ratos diabéticos decorrente duatmeento fisico resistido.

Averiguar o envolvimento de estresse oxidativo sadrmelhora da sensibilidade

barorreflexa em animais diabéticos submetidosanamento fisico resistido.
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CRONOLOGIA DOS EXPERIMENTOS

Inducao do diabete

12 hs 1 semana 12 hs

¢ ¢ ¢ >

Jejum Veiculo (salina) i.v. Jejum Glicemia = 200 mg/dl
ALX {40 mg/kg) i.v.

Coleta dos dados hemodinamit

Ultima sess#o de
TF

48 hrs

I Cateter arterial 24 hrs
Eletrodos

Tiopental | subcutéineos ’_ﬂ
Sodico

(45 mg/kg i.p) Acoplagem a0 30'PA
equipamento 30'ECG

Coleta dos dados
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ECG
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) Online/Data Author Rights &
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Supplements Permissions

Journal Categories

Original Scientific Communications. These are regular (original manuscripts) scientific
contributions. Manuscripts should not exceed 6000 words including title page,
abstract, references, legends, tables, and figures. (Please note that a single bar graph
is approximately 150 words, and table with 3 columns and 10 rows is approximately
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longer than 6000 words when design complexity or research requires a greater
length. For preparation, see "General Instructions."
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Reviews should briefly, but comprehensively, review the literature on a specified topic.
The topic should be timely and sufficiently focused to allow a comprehensive review
without exceeding 6000 words, including title page, abstract, references, legends,
and tables, and figures. (Please note that a single bar graph is approximately 150 words,
and table with 3 columns and 10 rows is approximately 100 words.) In special
circumstances, reviews may exceed these page limits and specific guidelines will be
provided at the time that the review is invited. The author should discuss controversies
that have been resolved or that remain, the future of the field both technically and
conceptually, and define major unresolved questions. All Brief Reviews, whether invited
or not, will undergo peer review.

Hypertension Grand Rounds. These articles are invited reviews that take a case-based
approach, including topics related to diagnosis, prevention, and treatment of
hypertension. The case presentation will be followed by a discussion of scientific and
practical clinical issues related to the case. Where applicable, a discussion of future
research necessary for resolving unanswered questions will be included. The topic should
be timely and sufficiently focused to allow a comprehensive review without exceeding
6000 words, including title page, case presentation, references, legends, tables, and
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3 columns and 10 rows is approximately 100 words.) In special circumstances, reviews
may exceed these page limits and specific guidelines will be provided at the time that the
review is invited. Hypertension Grand Rounds, whether invited or not, will undergo peer
review.
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manuscript online, please go to http://submit-hyper.ahajournals.org and follow the

detailed instructions located on our submission website. If you have any questions
about the online submission process, please feel free to contact the Editorial Office at
hypertension@physiology.umsmed.edu . If you do not receive confirmation of

submission within three days, please contact the Editorial Office. The following items
should be uploaded at the time of submission:

A cover letter that includes a statement of submission: "All authors have read and
approved the submission of the manuscript; the manuscript has not been published
and is not being considered for publication elsewhere, in whole or in part, in any
language, except as an abstract." The cover letter may include the names of six to
eight potential reviewers, with address, email address, and fax number, who are
experts in the area of research and who do not have a conflict of interest. It is
especially helpful to suggest three to four members of the Editorial Board.
Authorship Responsibility and Copyright Transfer Agreement

Acknowledgment release signatures, if applicable

One copy of any potentially overlapping work that is in preparation, has been
previously submitted or published, or is in-press, if applicable

One copy of any article currently in-press, which is cited in the References, if applicable
One copy of any abstracts published or submitted for publication, if applicable

All sources of support must be cited

All potential conflicts of interest related to the manuscript must be stated Conflict of
Interest Disclosure Questionnaire

If you are unable to upload the items above, please fax them to the Hypertension
Editorial Office within 48 hours after completion of online manuscript submission.

General Instructions for New Submissions

Manuscripts must be typed, double-spaced using a 12-point font, including
references, figure legends, and tables, on one side of the page only.

Leave 1-inch margins on all sides. Do not use proportional spacing or justified
margins.

Number every page except the title page, including figures, tables, and references.
Cite each figure and table in text in numerical order.

Assemble manuscripts in this order:

Title page

Abstract

Text, including Introduction, Methods, Results, Discussion, and Perspectives
Acknowledgments

Source(s) of Funding

Conflict(s) of Interest/Disclosure(s)

References

Figure Legends

Tables
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10. Figures
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Cite each reference in text in numerical order and list in the References section. In-
text reference numbers may be repeated but not omitted.

Use Sl units of measure in all manuscripts. For example, molar (M) should be changed

to mol/L; mg/dL to mmol/L; and cm to mm. Units of measure previously reported as
percentages (ie, hematocrit) are expressed as a decimal fraction. Measurements
currently not converted to Sl units in biomedical applications are blood and oxygen
pressures, enzyme activity, H+ concentration, temperature, and volume. The Sl unit
should be used in text, followed by the conventionally used measurement in
parentheses.

For style, consult the < ed 9th Style, of Manual Association Medical American>,
Baltimore, MD, Williams & Wilkins, 1998. (NOTE: The use of et al. in the author
listing of references is not allowed.)

Please provide sex-specific and/or racial/ethnic-specific data, when appropriate, in
describing outcomes of epidemiologic analyses or clinical trials; or specifically state
that no sex-based or racial/ethnic-based differences were present. See the Uniform
Requirements for more details.

Consult current issues of Hypertension for examples of format.

Guidelines for Clinical Trials

In accordance with the Clinical Trial Registration Statement from the International
Committee of Medical Journal Editors (ICMJE) (Circulation. 2005;111:1337-1338.), all
clinical trials submitted for publication in Hypertension must be registered in a public
trials registry at or before the onset of participant enrollment. This requirement
applies to all clinical trials that begin enrollment after July 1, 2005.

Research is considered to be a clinical trial if it involves prospective assignment of
human subjects to an intervention or comparison group to study the relation
between a medical intervention and a health outcome. Studies that are designed for
other purposes, such as to study pharmacokinetics or major toxicity studies (e.g.,
phase 1 trials) are exempt.

The registry must be accessible to the public at no charge, searchable, open to all
prospective registrants, and managed by a not-for-profit organization. The registry
must include the following information: a unique identifying number, a statement of
the intervention(s), study hypothesis, definition of primary and secondary outcome
measurements, eligibility criteria, target number of subjects, funding source, contact
information for the principal investigator, and key dates (registration date, start date,
and completion date). The registries listed below are approved by the ICMJE:

United States National Library of Medicine

International Standard Randomized Controlled Trial Number (ISRCTN)

University Hospital Medical Information Network (UMIN)

Australian Clinical Trials Registry (ACTR)

Netherlands Trial Register

Clinical trials maybe listed with Other registries, but these registries must meet the
above-mentioned requirements.

The authors will be requested to provide the exact URL and unique identification
number for the trial registration at the time of submission. This information will be
published in a footnote on the first page of the article.
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Clinical trial reports should also comply with the Consolidated Standards of Reporting
Trials (CONSORT) and include a flow diagram presenting the enrollment, intervention
allocation, follow-up, and data analysis with number of subjects for each. Please also
refer specifically to the CONSORT Checklist of items to include when reporting a
randomized clinical trial.

General Instructions for Revised Manuscripts

In the top right-hand corner, indicate the manuscript number followed by R1 to
denote a first revision.

In your written response to the reviewers' comments, give the page number(s),
paragraph(s), and line number(s) where each revision was made.

Revisions not received within three months will be administratively withdrawn. For
further consideration the manuscript must be resubmitted de novo. At the editors'
discretion, and in cases where substantial new data are required, extensions may be
granted for revisions. In such cases, every effort will be made to retain the original
reviewers.

Respond to each referee's comments, indicating precisely the changes made in
response to the critiques. Also give reasons for suggested changes that were not
implemented, and identify additional changes made.

General Instructions for Preparing a Manuscript

Title Page (Page 1, but do not number)

Full title of manuscript, in capital letters, limited to 120 characters total.

Authors' full names and affiliations

A short title (total characters must not exceed 50, including spaces) to be typeset at the
top of the journal page

Word count of manuscript, including references, figures, legends, word count of
abstract, and total number of figures

The full name, title, and complete address for corresponding author, including street
and post office box as well as telephone and fax numbers, and email address
Abstract

Maximum abstract length is 250 words

Do not use acronyms or abbreviations

Do not use subheadings

Do not cite references

The abstract should include the rationale for the study, a brief description of methods
and presentation of significant results, and a succinct interpretation of the data.
Provide five to seven key words for your manuscript, using Index Medicus as a guide
Text

Abbreviations. Abbreviations should be defined at the first mention in the text.

Methods section. The methods section should provide sufficient
detail for the experiments to be reproduced.

Materials and Data Availability: To allow others to replicate and build on work
published in Hypertension, authors should make materials, data, and associated
protocols available to readers or list the primary source of materials. Authors must
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disclose upon submission of the manuscript any restrictions on the availability of
materials or information.

Authors should make Unique Materials (e.g., cloned DNAs; antibodies; bacterial or
animal cells; viruses; and computer programs) promptly available on request by qualified
researchers for their own use. It is reasonable for authors to charge a modest amount to
cover the cost of preparing and shipping the requested material and some materials may
require a Materials Transfer Agreement between institutions.

Studies in Experimental Animals: Indicate that the study was approved by an
institutional review committee. All studies in animals should be conducted in
accordance with the National Institutes of Health (NIH) Guide for the Care and Use of
Laboratory Animals, or the equivalent. The species, strain, number used, and other
relevant characteristics of the animals should be stated. When describing surgical
procedures, identify the pre-anesthetic and anesthetic agents used and state the
amount or concentration and the route and frequency of administration for each. The
use of paralytic agents, such as curare or succinylcholine, is not an acceptable
substitute for anesthetics. For other invasive procedures, report the analgesic or
tranquilizing drugs used. If none was used, provide justification for such exclusion.
Generic names of drugs must be given.

Studies in Humans: Indicate that the study was approved by an institutional review
committee and that the subjects gave informed consent. All studies that involve the
use of humans must adhere to the principles of the Declaration of Helsinki and Title
45, U.S. Code of Federal Regulations, Part 46, Protection of Human Subjects, Revised
November 13, 2001, effective December 13, 2001. Describe the characteristics of
human subjects or patients and indicate that the procedures followed were in
accordance with institutional guidelines.

Blood Pressure Methods for Human Studies: Blood pressure measurement methods
should be described in detail in the text or by reference. Information should include
number of readings, instrument type(s), cuff size(s), arm position, posture, and
observer training.

Genomic and Proteomic Studies: All papers reporting gene expression profiling data
must comply with the Minimum Information About Microarray Data Experiments
(MIAME) standard. Authors of papers that include genomic, proteomic, or other high-
throughput data are required to make their data easily accessible for the reviewers
and the editors during the review process. You may submit your data to the NCBI
gene expression and hybridization array data repository (GEO) and provide the GEO
accession number, or you may provide a link to a secure or publicly accessible website
which hosts the data. Prior to publication, the data must be submitted and an
accession number obtained. Access to the information in the database must be
available at the time of publication. GEO has a web-based submission route, suitable
for a small number of samples, or a batch submission tool (called SOFT). Submission
FAQ.

Guidelines for Protein and Nucleic Acid Sequences: Newly reported nucleotide or
protein sequences must be deposited in GenBank or EMBL databases, and an
accession number must be obtained. Access to the information in the database must
be available at the time of publication. Authors are responsible for arranging release
of data at the time of publication. The authors must also provide a statement in the
manuscript that this sequence has been scanned against the database and all
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sequences with significant relatedness to the new sequence identified (and their
accession numbers included in the text of the manuscript).
GenBank

GenBank Submissions, National Center for Biotechnology Information, 8600 Rockville
Pike, Building 38A, Room 8N-805, Bethesda, MD 20894, Tel: (301) 496-2475

EMBL Nucleotide Sequence Submissions

European Bioinformatics Institute, Hinxton Hall, Hinxton, Cambridge CB10 1SD, UK, Tel.:
44-1223-494401; Fax: 44-1223-494472; e-mail: support@ebi.ac.uk

DNA Data Bank of Japan

Center for Information Biology, National Institute of Genetics, Mishima, Shizuoka, 411,
Japan, Tel.: 81-559-81-6853; Fax: 81-559-81-6849

Submission to any data bank is sufficient to ensure entry in all.
Guidelines for Human Phenotype-Genotype Association or Linkage Studies:
Reporting issues.

Report process for selecting genes and SNPs.

Report Hardy-Weinberg statistics or p-values and method of calculating same.

Refer to existing public domain websites for the Human Gene Ontology name and the
rs number for SNPs.

http://www.gene.ucl.ac.uk/nomenclature
http://www.ncbi.nlm.nih.gov/projects/SNP
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=Snp

Describe genotyping methods. If numerous primers have been used, please include
them in an online supplement.

False positive and false negative concerns. Given well-described problems with both
false positive and false negative associations, phenotype-genotype association studies
should meet some or all of the criteria below:

Phenotype is clearly defined, is heritable, and if a quantitative phenotype is reported,
reproducibility data are provided or referenced.

The sample size is adequate to detect a SNP or haplotype with a modest effect. For
genotype-trait associations, provide an estimate of the effect size that could be
detected with power 0.80 or higher with the allele frequency and sample size
reported.

Since multiple statistical testing methods are frequently used in genotyping-
phenotyping studies, please include specifics of the primary model(s) tested. Non-
essential secondary models may be published as electronic data supplements.
Clinically relevant confounders should be included in multivariable models or
residuals.

Review criteria for human linkage studies. Manuscripts should include the following:
Identifying plausible candidate genes under the linkage peak.

Follow-up fine mapping to narrow the region of linkage, and/or genotyping some of
the candidate genes under the linkage peak.

Replication data from another sample.
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Guidelines for Studies on Diagnostic Tests: For information regarding the Standards
for Reporting of Diagnostic Accuracy (STARD) go to Clinical Chemistry.2003;49:7-18. or
Ann of Intern Med. 2003;138:W1-W12.

Drugs and Reagents: Give generic rather than trademark names of drugs. The
generic chemical identification of all investigational drugs must be provided. The
complete name and location of the manufacturer must be supplied for all reagents,
equipment, and devices used in the Methods.

Statistics: A subsection on statistics should be included in the Methods section and
the measures of variance, such as standard deviation or standard error, should be
indicated.

Methods should be limited to essential new information. To save space for the
authors and the journal, if methods have been previously published, the author may
refer to that paper and submit copies of that paper as reference material.

The following information should be included as an Online Data Supplement:

For animals used in experiments, state the species, strain, number used, and other
pertinent descriptive characteristics.

For human subjects or patients, describe their characteristics.

When describing surgical procedures on animals, identify the pre-anesthetic and
anesthetic agents used and state the amount or concentration and the route and
frequency of administration for each. The use of paralytic agents, such as curare or
succinylcholine, is not an acceptable substitute for anesthetics. For other invasive
procedures on animals, report the analgesic or tranquilizing drugs used. If none was
used, provide justification for such exclusion. Generic names of drugs must be given.

Manuscripts that describe studies on humans must indicate that the study was
approved by an institutional review committee and that the subjects gave informed
consent. Reports of studies on both animals and humans must indicate that the
procedures followed were in accordance with institutional guidelines. To save space
for the authors and the journal, if methods have been previously published, the
author may refer to that paper and submit copies of that paper as reference material.

Discussion. This section should not be used to restate the results but rather to
illuminate and place into perspective the results. Excessive discussion and reiteration of
points that are obvious from the results are discouraged.

"Perspectives". Authors should include a brief (<250) "Perspectives" section at the end
of the Discussion Section. The "Perspectives" section should be clearly labeled with a
separate heading. The purpose of "Perspectives" is to indicate the broad implications of
the study, and to permit reasonable speculation on the overall importance and future
directions of the work. Such perspectives should not replace the conclusions drawn from
the study and should be limited to one paragraph. This section should, however, replace
the "In summary..." paragraph that is often placed at the end of the discussion.

Acknowledgments

The Acknowledgments section lists substantive contributions of individuals. The
Editorial Office must receive written, signed consent from each person recognized in
the Acknowledgments to be mentioned in the article, because acknowledgment can
imply endorsement of data and conclusions.
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Sources of Funding

Authors must list all sources of support for research in this section.

Conflict(s) of Interest/Disclosure(s) Statement

Authors must disclose any and all relationships that could be perceived as real or
apparent conflict(s) of interest as a FOOTNOTE after the Sources of Funding section.
Conflict-of-interest/disclosure will be published as a footnote to the accepted article.
This pertains to relationships with pharmaceutical companies, biomedical device
manufacturers, or other corporations whose products or services are related to the
subject matter of the article. Such relationships include, but are not limited to,
employment by an industrial concern, ownership of stock, membership on a standing
advisory council or committee, being on the board of directors, or being publicly
associated with the company or its products. Other areas of real or perceived conflict
of interest related to the subject of the article could include receiving honoraria or
consulting fees or receiving grants or funds from such corporations or individuals
representing such corporations.

If no author has anything to disclose, please list "None".

References

References must conform to the journal's style -- consult the American Medical
Association Manual of Style, 9th ed, Baltimore, MD, Williams & Wilkins, 1998.(NOTE:
All authors must be listed in the author listing.)

Accuracy of reference data is the author's responsibility. Verify all entries against
original sources, especially journal titles, inclusive page numbers, publication dates,
accents, diacritical marks, and spelling in languages other than English.

All references must be double-spaced.

All authors must be listed in references. Shortened lists of author names followed by
"et al" must be replaced with complete information.

Cite references in numerical order according to first mention in text.

Personal communications, unpublished observations, and submitted manuscripts
must be cited in the text as "(authors' full names, unpublished data, year)."

Abstracts may be cited only if they are the sole source and must be identified in the
reference as "Abstract."

"In press" citations must have been accepted for publication and the name of the
journal or book publisher included.

Tables

Each table must begin on a separate page, double-spaced. The table number must
be in Arabic numerals followed by a period and a brief informative title.

Use same size type as in text.

Supply a brief heading for each column.

Indicate footnotes in tables by symbols in this order: *, 1, %, §, | |, 1, #, **.

Do not use vertical lines in tables. Use horizontal lines above and below the column
headings and at the bottom of the table only. Use extra space to delineate sections
within the table.

Do not duplicate data in figures and tables.

Define acronyms and abbreviations in a separate listing.

(Please note that a table with 3 columns and 10 rows is approximately 100 words.)
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13. Figures and Legends

Figures may be black and white line drawings, graphs, color illustrations, or halftones
(gel blots/stains).

Authors are responsible for the cost of printing color illustrations.

Flaws will not be corrected.

Figure parts should be clearly labeled. Letters, symbols, arrows, etc must be uniform
in size and style within each figure, and when possible between figures. We
recommend that you use either 12 pt Arial Bold font or 14 pt Times New Roman Bold
font.

Avoid headings on the figure when possible. Heading information should appear in
the figure legend.

Line art should not contain very thin lines, which are hard to reproduce.

Supply a scale bar with photomicrographs.

Provide figure legends on a separate page, double-spaced.

If there are abbreviations or symbols in the figures, they must be defined in the
figure or the figure legend.

Limit white space between all panels and between panels and panel labels.

Electronic source files of figures may be submitted in a pdf format for initial
submission of a manuscript. Electronic source files of figures for subsequent
submissions must follow the guidelines set by the publishers.

Guidelines for digital images
The use of digital media for image acquisition and processing introduces the potential
for inadvertent distortion of data. To prevent such distortion, the following guiding
principles should be used:

0. Data should neither be added to, nor removed from, an image by digital
manipulation. Images gathered at different times or from different locations should
not be combined into a single image, unless it is stated that the resultant image is a
product of time-averaged data or a time-lapse sequence. Figures assembled from
multiple images must indicate the separation of the parts by lines and described in
the legend.

1. The use of touch-up tools, such as cloning and healing tools in Photoshop, or any
feature that deliberately obscures manipulations, is unacceptable.

2. Linear adjustment of contrast, brightness or color must be applied equally to controls
and all parts of an entire image. Contrast should not be adjusted so that data
disappear. Excessive manipulations, such as processing to emphasize one region in
the image at the expense of others (e.g. through the use of a biased choice of
threshold settings), is unacceptable, as is emphasizing experimental data relative to
the control.

3. When submitting revised final figures upon conditional acceptance, authors may be
asked to submit original, unprocessed images.

4. Allimage acquisition tools and image processing software packages used should be
listed. Deviations from the above, including nonlinear adjustments, must be indicated
in the figure legend along with a description of the processing software used.

How to format digital images is available at Instructions on Formatting Digital
Images

If you are unable to size your digital art appropriately or provide the correct
resolution, we encourage you to send a PDF created from the original source file of
the figure (i.e. In the program that created the figure, 1) go to your print menu, 2)
change printer to Adobe PDF, and 3) save file as the MS #-Fig 1, etc.).
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(Please note that a single bar graph is approximately 150 words.)

Cover Figures

The editors encourage submission of color images for consideration as potential cover
figures. These may be uploaded along with a figure legend as a supplemental file
when a revised manuscript is submitted. Please make sure to clearly label this as a
cover figure.

Cover figures should illustrate a major finding or concept and be associated with the
general topic of the article, or they may be altered/enhanced versions of an original
figure within the manuscript.

A photograph or diagram is appropriate, but complex flow charts are not suitable.

A very brief caption should be included.

Cover figure submissions must follow the same guidelines as original figure
submissions attached to manuscripts (see "Figures and Legends").

Online Supplements

This optional section provides an opportunity for authors to present supporting
materials to the manuscript. The manuscript appears both in the print version and
online, whereas Online Supplements are independent from the manuscript and
appear only online. Online Supplements undergo peer review and therefore must be
submitted simultaneously with original submissions.

Online Supplements may consist of any of the following, in any combination: the
expanded materials and methods; additional figures and supporting information;
additional tables and supporting information; and, video files.

The guidelines below should be used for online supplements:

Material to be published as an online only supplement should be uploaded online as
either a word doc or pdf, if possible. An exception to this would be if the online
supplement is a video file.

The online supplement should have a title page with the label of ONLINE
SUPPLEMENT above the title.

The online supplement should be single-spaced.

If citations are made in the Online Supplement, the Online Supplement must contain
its own independent Reference Section with references numbered sequentially,
beginning with reference 1, even if some of these references duplicate those in the
print version.

Number supplementary figures and tables as S1, S2, etc.

Place the supplemental figure legend underneath the corresponding figure.

When referring to online-only material in the print version of the manuscript, use
the phrase "please see http://hyper.ahajournals.org."

Data Supplements appear only online and will not appear in reprints of the article. The
Editorial Office is not responsible for converting files to a suitable format.

The print version of the Table of Contents of Hypertension highlights articles that contain
Online Supplements by having "Data Supplement Online" typed in a box underneath the
author listing.
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Compliance With NIH and Other Research Funding Agency Accessibility
Requirements

Several research funding agencies now require or request authors to submit the post-
print (the article after peer review and acceptance but not the final published article) to a
repository that is accessible online by all without charge. Within medical research, 3
funding agencies in particular have announced such policies:

The US National Institutes of Health (NIH) requires authors to deposit post-prints of
articles, which have received NIH funding, in its repository PubMed Central (PMC).
This deposit should be done within the 12 months after publication of the final article
in the journal.

The Howard Hughes Medical Institute (HHMI) requires, as a condition of research
grants, deposit in PMC, but within 6 months after publication of the final article.

The Wellcome Trust requires, as a condition of research grants, deposit in UK PMC
within 6 months after publication of the final article.

As a service to authors, the Publisher (Wolters Kluwer Health/Lippincott Williams &
Wilkins) of the AHA journals will identify to PMC articles that require depositing. The
Copyright Transfer Agreement provides the primary mechanism for identifying such
articles. The AHA also requests that, during the submission process in Bench>Press,
funding is indicated on the Manuscript Metadata Page (i.e., first screen of submission
process).

WKH/LWW will transmit the post-print of an article, which is based on research funded in
whole or in part by 1 or more of these 3 agencies, to PMC.

On NIH request, it remains the legal responsibility of the author(s) to confirm with the
NIH the provenance of their manuscript for purposes of deposit.

Author(s) will not deposit their articles themselves.
Author(s) will not alter the post-print already transmitted to NIH.
Author(s) will not authorize the display of the post-print prior to:

m. 12 months after publication of the final article, in the case of NIH,

6 months after publication of the final article, in the case of HHMI and the Wellcome
Trust

For more information about authors’ rights and responsibilities, please visit the Authorship
Responsibility and Copyright Transfer Agreement

For more information, please visit PMC

Author Permissions and Rights Questions and Answers

Permissions
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Requests for permission to reproduce figures, tables, or portions of articles originally
published in Hypertension can be obtained via Rightslink (a service of the Copyright
Clearance Center), not the Editorial Office. All permission requests are now
processed via the Rightslink online system. Steps for obtaining permission include:
On Hypertension's home page, either search for the article using the Search feature
or locate a copy of the article in the online archives for which you are requesting
permission.

Next, select the Full Text or PDF version of the article.

Then, locate the "Request Permissions" link in the menu on the right side of the Web
page (under "Services"). A new Web browser will open, which is Rightslink.

Follow the step-by-step instructions in Rightslink for requesting permission by:
selecting the way the content will be used.

creating an account, if one does not exist already.

accepting the terms and conditions for reuse.

determining method of payment.

Further information can be found in the Permissions and Rights Instructions.

Note: For AHA Scientific Statements and Guidelines, permission to reprint, modify,
alter, enhance, copy, or distribute this content must be obtained from the American
Heart Association. Instructions are located at
http://www.americanheart.org/presenter.jhtml?identifier=4431. A link to the
"Permission Request Form" appears on the right side of the Web page, in the
"Related Items" box.

Costs to Authors

Authors are charged:

$70 per printed page of an article to defray costs of publication (information is sent
with author's proof) or S35 per page in the case of copyedited online-only material.

Authors of papers that are accepted for publication and that exceed the 6,000 word limit
will be charged for the overage. Authors will be charged an additional $425 for each
additional 1,000 words over 6,000. The usual $70 page charge will also apply. Word
count will be calculated by the editorial office and will include references, figures, and
tables.

Expense for color reproduction of figures are based on the number of figures. Charges
are $495 for 1 figure, $990 for 2, $1350 for 3, and $1710 for 4. Each additional figure
after 4 color figures is $90. Color figures that are online only are half the print cost.
Expense for replacing poor-quality art

Expense for reprints (price lists are sent with the author's proof)

S50 per printed page for excessive author alterations

$100 per page for printing a correction (erratum) resulting from an author's error,
after publication of the article

Policies</FONT< STRONG>

AHA Scientific Publishing Conflict of Interest
Policy
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AHA Scientific Publishing Ethical Conduct Policy

Forms

Authorship Responsibility and Copyright Transfer
Agreement

Conflict(s) of Interest/Disclosure(s) Questionnaire

Acknowledgment Permission Form

Change of Authorship Form

Artwork Guidelines (PDF)

Journal Subject Heads for Article Collections Feature
on Journals Web Site

Key Word List
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————— Mensagem encaminhada de hypertension@physiology.umsmed.edu -----
Data: Thu, 18 Feb 2010 16:40:50 -0800 (PST)
De: hypertension@physiology.umsmed.edu

Endereco para Resposta (Reply-To): hypertension@physiology.umsmed.edu
Assunto: HYPERTENSION -- Manuscript Submission
Para: Marcio Santos <marcio@infonet.com.br>

18 February 2010

PhD Marcio R V Santos

Universidade Federal de Sergipe

Department of Physiology

Departamento de Fisiologia, Av. Marechal Rondon, S/N, Rosa Elze,
Universidade Federal de Sergipe

S3o Cristdévao, SE 49100000 Brazil

marcio@infonet.com.br

MS ID#: HYPERTENSION/2010/151738
MS TITLE: RESISTANCE TRAINING PREVENTS HYPERTENSION AND IMPROVES CARDIAC
AUTONOMIC MODULATION IN ALLOXAN DIABETIC RATS

Dear Dr. Santos:

You have successfully approved the pdf of your manuscript entitled "RESISTANCE TRAINING
PREVENTS HYPERTENSION AND IMPROVES CARDIAC AUTONOMIC MODULATION IN
ALLOXAN DIABETIC RATS".

To follow the status of your manuscript please go to http://submit-hyper.ahajournals.org,
enter the author area and click on the "Under Review-Check Status" queue.

Yours sincerely,

Gerry McAlpin

Hypertension

University of Mississippi Medical Center
2500 N. State St.

Jackson, MS 39216-4505

USA
Hypertension@physiology.umsmed.edu



