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RESUMO

ASSOCIACAO DO HORMONIO DO CRESCIMENTO COM EXERCICIO
RESISTIDO SOBRE A MORFOLOGIA, EXPRESSAO GENICA E MARCADOR
CARDIACO

Objetivo- Este estudo teve como objetivo avaliar os efeitos do Horménio do
Crescimento (GH), em ratos submetidos ao Treinamento Resistido (TR) sobre
remodelacdo cardiaca nos aspectos morfolégicos, genes do Ca2+ e marcador
cardiaco.

Desenho- Ratos Wistar machos foram distribuidos em 4 grupos: controle (CT, n=7),
Horménio do Crescimento (GH, n=7), Treinamento Resistido (TR, n=7) e
Treinamento Resistido com Hormonio do Crescimento (TRGH, n=7). A dose do GH
foi de 0,2 UI/Kg, via subcutanea, a cada dois dias e 0 modelo de TR utilizado foi o
salto vertical na agua (4 séries de 10 saltos/dia, 3 sessbes/semana) ambos por 30
dias consecutivos. Foram avaliadas as varidveis anatbmicas, peso corporal final
(PCF), peso do Ventriculo Esquerdo (VE) e a relacdo VE/PCF. A analise morfologica
constou da avaliacdo da &rea dos cardiomiécitos (Hematoxilina e Eosina-HE) e da
fracdo de colageno (Picrosirius-red). O nivel de expressdo do RNAm das proteinas
da bomba de célcio (Ca2+) do reticulo sarcoplasmatico Ca2+ ATPase (SERCA2a),
fosfolambam (PLB) e rianodina (RyR) do miocérdio foi avaliado por PCR em tempo
real (QPCR). A dosagem da creatina quinase fracdo musculo-cérebro (CK-MB), foi
avaliada por meio de analise sérica.

Resultados- O PCF, peso do VE, a relacdo VE/PCF, a area dos cardiomiocitos, e a
expressdo génica SERCA2a, PLB e RyR, ndo mostrou diferenca estatistica entre os
grupos. Para o colageno, houve aumento do grupo TR (p < 0,05), quando
contrastado com os demais grupos (CT, GH e TRGH). Na analise bioguimica da CK-
MB houve diferenca estatistica dos grupos treinados em relacdo aos grupos nao
treinados.

Conclusdo- O TR interfere na remodelacdo cardiaca aumentando o colageno
intersticial, que pode ser decorrente da lesdo miocardica caracterizada pelo aumento
da CK-MB, porém, quando associado ao GH o colageno nao se alterou.

Palavras-chave: Expressao génica, miocardio, calcio, horménio do crescimento,
treinamento.



ABSTRACT

ASSOCIATION OF GROWTH HORMONE WITH RESISTANCE EXERCISE ON
MORPHOLOGY, GENE EXPRESSION AND CARDIAC MARKER

Objective-This study aimed to evaluate the effects of growth hormone (GH), in rats
submitted to resistance training (RT) on cardiac remodeling in morphological aspects,
Ca’®" genes and cardiac marker.

Design- Wistar male rats were divided into 4 groups: control (CT, n = 7), Growth
Hormone (GH, n = 7), Resistance Training (RT, n = 7) and Resistance Training with
Growth Hormone administration (RTGH, n = 7). The GH dose was 0,2 IU/kg through
subcutaneous administration every two days, and the RT model used was the vertical
jump in water (4 sets of 10 jumps/day, 3 sessions/week) both for 30 consecutive
days. Anatomical variables such as final body weight (FBW), left ventricle weight (LV)
and the LV/FBW ratio of rats were evaluated. The morphology analysis consisted of
the cardiomyocytes cross-sectional area (HE) and collagen fraction (picrosirius). The
mRNA of the proteins of the calcium pump of the sarcoplasmic reticulum Ca?*
ATPase (SERCAZ2a), phospholamban (PLB) and ryanodine (RyR) infarction were
evaluated by real-time PCR (QPCR). The cardiac marker dosed was creatine kinase
muscle-brain fraction (CK-MB), through serum analysis

Results- FBW, LV weight, LV/FBW ratio, cardiomyocytes cross-sectional area, as
and SERCA2a, PLB and RyR gene expression, showed no statistical difference
between the groups, whereas for the collagen assessment , an increase in RT group
(p <0,05) was observed when compared to other groups (CT, GH and RTGH). In
biochemical analysis of CK-MB there was statistical difference between trained
groups and untrained groups.

Conclusion- The RT interferes with cardiac remodeling by increasing interstitial
collagen, which may result from the myocardial injury characterized by increased CK-
MB, however, when combined with GH collagen remained unchanged.

Key words: Gene expression, myocardium, calcium, growth hormone, training.
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RESUMO

Objetivo- Este estudo teve como objetivo avaliar os efeitos do Horménio do
Crescimento (GH), em ratos submetidos ao Treinamento Resistido (TR) sobre
remodelacdo cardiaca nos aspectos morfolégicos, genes do Ca** e marcador
cardiaco.

Desenho- Ratos Wistar machos foram distribuidos em 4 grupos: controle (CT, n=7),
Horménio do Crescimento (GH, n=7), Treinamento Resistido (TR, n=7) e
Treinamento Resistido com Hormonio do Crescimento (TRGH, n=7). A dose do GH
foi de 0,2 UI/Kg, via subcutanea, a cada dois dias e o0 modelo de TR utilizado foi o
salto vertical na agua (4 séries de 10 saltos/dia, 3 sess6es/semana) ambos por 30
dias consecutivos. Foram avaliadas as variaveis anatdmicas, peso corporal final
(PCF), peso do Ventriculo Esquerdo (VE) e a relacdo VE/PCF. A analise morfologica
constou da avaliacdo da &rea dos cardiomiécitos (Hematoxilina e Eosina-HE) e da
fracdo de colageno (Picrosirius-red). O nivel de expressdo do RNAm das proteinas
da bomba de célcio (Ca?") do reticulo sarcoplasmatico Ca** ATPase (SERCAZ2a),
fosfolambam (PLB) e rianodina (RyR) do miocérdio foi avaliado por PCR em tempo
real (QPCR). A dosagem da creatina quinase fracdo musculo-cérebro (CK-MB), foi
avaliada por meio de andlise sérica.

Resultados- O PCF, peso do VE, a relacdo VE/PCF, a area dos cardiomiocitos, e a
expressdo génica SERCA2a, PLB e RyR, ndo mostrou diferenca estatistica entre os
grupos. Para o colageno, houve aumento do grupo TR (p < 0,05), quando
contrastado com os demais grupos (CT, GH e TRGH). Na analise bioguimica da CK-
MB houve diferenca estatistica dos grupos treinados em relagdo aos grupos nao
treinados.

Conclusdo- O TR interfere na remodelacdo cardiaca aumentando o colageno
intersticial, que pode ser decorrente da lesdo miocardica caracterizada pelo aumento
da CK-MB, porém, quando associado ao GH o colageno néo se alterou.

Palavras-chave: Expressao génica, miocardio, calcio, horménio do crescimento,

treinamento.
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INTRODUCAO

Intervengcbes como o Treinamento Resistido (TR) e recursos ergogénicos tem
sido frequentemente utilizados na manutencdo da saude e estética corporal. Dentre
0S recursos ergogénicos destaca-se o hormonio do crescimento (GH), que embora
as agéncias mundiais Anti-Doping proibam seu uso em atletas competitivos, a
administracdo desta droga € amplamente difundida [1-3].

O GH afeta o coracdo e ocasiona hipertrofia cardiaca sem aumento de
fibrose, resposta acompanhada por aumento da contratilidade, alteracdes na génese
dos potenciais de acdo cardiacos e vasodilatacdo periférica [4-5]. Algumas
pesquisas mostram o efeito cardioprotetor do GH apés infarto do miocardio
amenizando a remodelacdo cardiaca patologica [4]. Ha outros estudos que relatam
os maleficios do GH em individuos com hipersecrecdo crénica deste hormdnio
(acromegalia) conduzindo ao desenvolvimento de hipertrofia cardiaca concéntrica
com fibrose intersticial e infiltrado linfomononuclear e, se a sobrecarga do hormonio
nao for controlada, pode evoluir para insuficiéncia cardiaca (IC) [5-7]. Embora outros
fatores de risco acompanhem a acromegalia, acredita-se por si SO que 0 excesso de
GH e seu mediador, o fator de crescimento semelhante a insulina 1 (IGF-1), possam

ser os principais contribuintes para a doenga cardiovascular [7,8].

Em relacdo ao TR, as pesquisas sdo controversas a respeito dos efeitos
cardiacos. Esses exercicios promovem a remodelacdo miocardica com hipertrofia
ventricular esquerda, aumento da densidade capilar e alteragéo no tecido conjuntivo
e interferem beneficamente na funcdo do coracdo [9,10]. Alguns estudos tém
demonstrado a influéncia da disfuncdo miocérdica seguida a pratica de exercicios de
endurance. Entretanto, o TR por ocasionar sobrecarga ao sistema cardiovascular
também pode interferir nos marcadores de lesdo miocardica [11,12]. Em uma meta-
andlise, foi observado que o TR ndo demonstra efeitos favoraveis sobre a
remodelacdo miocardica na IC, como 0s exercicios aerdbicos; a elevacdo das
cargas pressoricas, sistOlica e diastOlica, que ocorre no treinamento resistido,
impede os efeitos benéficos que o exercicio poderia trazer, podendo até agravar o

remodelamento ventricular [13].

Assim, dependendo da dose do GH, bem como a intensidade e duragéo do

TR podem ocorrer prejuizos ao organismo e na remodelacéo ventricular [5,14].
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Um dos mecanismos envolvidos na funcdo contratil da remodelacdo cardiaca
é a expressdo dos genes relacionados com a homeostase do Ca* intracelular [15].
Entretanto, ainda ndo estd clara a funcdo na remodelacdo cardiaca quando
associada & administracdo do GH e/ou TR. O reticulo sarcoplasmatico Ca** ATPase
(SERCA2a), fosfolambam (PLB) e rianodina (RyR) sdo algumas das proteinas
envolvidas com a ativacao e regulacédo de diversos processos metabolicos como o
equilibrio entre a captacdo, liberacdo do Ca*? sarcoplasmatico e a saida do
sarcolema e, pela forca de contracdo cardiaca [16,17]. A RyR se liga ao Ca* no
inicio do potencial de acdo liberando-o do reticulo sarcoplasmatico (RS),
promovendo e regulando a contracdo muscular [18]. A SERCA2a cataliza e ativa o
transporte do Ca*™® para o RS por meio das vesiculas do citoplasma e desempenha
seu papel no relaxamento dos musculos. Este processo € regulado pela PLB, que
permanece desfosforilada inibindo a agédo da SERCAZ2a, com a sua fosforilagéo ela
permite que ocorra a recaptacéo do Ca** pela SERCA2a [19].

Tendo o GH uma importante funcdo na remodelacdo miocardica, a
associacdo exogena deste aliado ao TR pode interferir na remodelacéo cardiaca. A
hipétese desse estudo é que o TR associado ao GH modula a morfologia da
expressao de proteinas do transito de Ca®** e do marcador de les&o miocardica.

Nao h& pesquisas que avaliem a relagcédo entre o GH, TR, marcador de lesédo
miocardica e transcricdo génica de estruturas moleculares no transito de Ca?*
miocardico. Sendo assim, este estudo teve como objetivo avaliar os efeitos da
administracdo do GH, do TR e sua associacdo sobre remodelacdo cardiaca em
relacdo a morfologia, niveis de expressdo do RNAmM de proteinas envolvidas na

homeostase do Ca?* e marcador de lesdo miocardica.

MATERIAL E METODOS
Animais e Procedimentos

Foram utilizados 28 ratos Wistar machos, com peso meédio de 235 + 15,2
gramas, com 9 semanas de idade, provenientes do Biotério Central da UNOESTE-
Universidade do Oeste Paulista, SP, Brasil. Os animais foram alojados em 7 caixas
com 4 animais cada, com marcacgdo individual, com acesso livre a agua e racao

(SupraLab®) e foram mantidas as condi¢cdes ambientais padréo, com controle de luz
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(ciclos claro/escuro de 12 horas, luz a partir das 7 horas), de temperatura ambiente
(21 £ 5°C) e de umidade relativa de ar (55 + 5%) .

Este estudo foi aprovado pelo Comité de Etica em Experimentacdo Animal
(CEUA) da Unoeste com os protocolos n° 1688 e 1689 e realizados conforme o
Guide for the Care and Use of Laboratory Animals publicado pelo National Research
Council [20].

Desenho do estudo

Os ratos foram direcionados ao Biotério de Experimentagdo Animal,
UNOESTE- Universidade do Oeste Paulista, SP, Brasil e apds 7 dias de aclimatacao
foram distribuidos em quatro grupos: Controle (CT, n=7), com administracdo de GH
(GH, n=7), com TR (TR, n=7) e associando TR com administracdo de GH (TRGH,
n=7).

Administracdo do Hormdénio do Crescimento

Os animais submetidos ao uso de GH receberam 0,2 Ul/Kg de GH
recombinante humano (rhGH, Saizen® - Merck) via subcutaneo, a cada dois dias por
30 dias consecutivos [21]. Nos demais ratos foram administrados solucdes

fisiologicas em volume similar.

Treinamento Resistido (TR)

O treinamento fisico foi realizado por meio de um protocolo de saltos verticais
na agua, trés vezes por semana por 30 dias consecutivos. Uma semana antes de
iniciar o experimento, os ratos foram adaptados ao exercicio na dgua, aumentando o
namero de séries a cada dia de adaptacdo e com sobrecarga de 50% do seu peso
corporal total. O treinamento ocorreu dentro de um tubo de PVC de 25 cm de
diametro com 38 cm de profundidade de agua aquecida (30°C) no seu interior,
conforme descrito por De Mello Malheiro [22]. ApGs esse periodo de adaptacéo os
animais iniciaram o protocolo de treinamento e cada sessdo consistia de quatro
series de 10 saltos com intervalo de 1 minuto para descanso. Os ratos foram
pesados antes de cada sesséao, a fim de recalcular a carga acrescentada (50% de

sobrecarga, do seu peso corporal total). A sobrecarga foi feita por meio de pesos
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fixos com um colete com velcro posicionado na regido anterior do térax. Ao final de

cada treino os animais foram secados para retornarem as suas caixas.

Analise dos Parametros Anatdomicos

Ao final das 4 semanas, ap0s 72 horas da ultima sessao de treinamento 0s
animais foram pesados, anestesiados com éter etilico, e mortos por exsanguinacao.
Os coracdes destes animais foram retirados, pesados e posteriormente, dissecado o
ventriculo esquerdo (VE) e novamente pesados. Foi congelado o apice do VE em
nitrogénio liquido e a porcao superior em formol tamponado a 10% para as analises
de expresséo génica e morfoldgica, respectivamente.

O peso umido do VE, normalizado para peso corporeo final do rato (PCF), foi
utilizado como indice de hipertrofia ventricular. As variaveis anatdbmicas utilizadas
para caracterizar a remodelacdo cardiaca foram PCF, o peso do VE e a relacdo
VE/PCF.

Estudo Morfoldgico

Amostras de tecido cardiaco foram fixadas em solu¢do de formol tamponado
a 10% por um periodo de 48 horas. Apos fixacdo, o tecido foi incluso em blocos de
parafina, obtendo-se a seguir cortes histolégicos coronais de 4 micrdmetros. Os
cortes histolégicos foram corados em lamina com solu¢cdo Hematoxilina-Eosina (HE)
para afericAo de areas da seccdo transversa dos miécitos, empregando-se
microscoépio LEICA DM750 acoplado a camera de video, que envia imagens digitais
a computador dotado de programa de andlise de imagens Image Pro-plus (Media
Cybernetics, Silver Spring, Maryland, USA), [23,24].

Histomorfometria - As imagens foram obtidas por meio de microscépio Optico
binocular. Todas as imagens foram capturadas por camara de video no aumento de
40x. A selecdo das imagens para captura e digitalizagdo foi feita visualmente. A
morfometria dessas imagens obtidas e digitalizadas foi realizada utilizando-se
software apropriado para tal fim. De cada um dos quatro cortes obtidos do VE de
cada animal foram realizadas capturas de campos diferentes, escolhidos de acordo
com o local onde se pudessem visualizar mais células em corte transversal. Foram
mensuradas cinquenta células por ventriculo analisado. Os midcitos selecionados
estavam seccionados transversalmente e apresentavam forma redonda, nucleo

visivel no centro da célula e localizavam-se na camada subendocardica da parede
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muscular do VE. Esse cuidado visou uniformizar ao maximo o conjunto de miécitos
dos diferentes grupos. As areas seccionais médias obtidas para cada grupo foram
utilizadas como indicador do tamanho celular [25].

Laminas com cortes histolégicos coronais de 6 micrémetros e corados pela
técnica de Picro Sirius red, especificos para visualizacdo de colageno, foram feitas
para avaliagdo do intersticio do miocardio do VE. As imagens do tecido cardiaco
foram capturadas por computador LEICA DM LS acoplado a camera de video, que
envia imagens digitais a computador dotado de programa de analise de imagens
Image Pro-plus (Media Cyberetics, Silver Spring, Maryland, USA). Foram analisados
vinte campos por ventriculo, utilizando objetiva de 40X. Os campos escolhidos

estavam afastados da regido perivascular [26].

Expressdo génica relativa de reguladores do Ca?" intracelular

O RNA total foi extraido do tecido cardiaco (ventriculo esquerdo) utilizando-se
Trizol (Invitrogen), tratado em seguida com DNAse de acordo com orientacdo do
fabricante. A integridade do RNA foi avaliada por eletroforese. O kit High Capacity
cDNA Reverse Transcription (Applied Biosystems, CA, EUA) foi usado para a
sintese de DNA complementar (cDNA) a partir de 1000 ng de RNA total. Utilizou-se
RT-gPCR para medir quantitativamente os niveis relativos de RNAm de SERCA2a
(Rn00568762_m1), RyR (Rn01470303_ml) e PLB (Rn01434045 ml). Para tal,
utilizaram-se TagMan Universal PCR Master Mix (Applied Biosystems, CA, EUA),
conforme as instrugdes do fabricante, e o sistema de deteccdo Applied Biosystems
StepOne Plus. Todas as amostras foram avaliadas duas vezes. As condi¢Oes de
ciclagem foram as seguintes: ativacdo da enzima a 50°C por 2 minutos;
desnaturacdo a 95°C por 10 minutos; amplificacdo dos produtos de cDNA por 40
ciclos de desnaturacdo a 95°C por 15 segundos; e anelamento/extenséo a 60°C por
1 minuto. A expressao génica foi quantificada em relagdo aos valores do grupo CT e
ap6s normalizagdo por um controle interno (-actina (ACTB, Rn00667869 ml),

sendo determinada pelo método 2-AACt, como anteriormente descrito [27,28].

Dosagem de CK-MB
Foi realizada coleta de sangue para bioquimica sérica da CK-MB em tubos
(Vacutainer®) sem anticoagulante. Apos a coleta o sangue total foi centrifugado a

3000 rpm (g= 1257). O soro obtido foi acondicionado em microtubos plasticos e
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mantido a -20°C. A bioquimica sérica foi realizada por meio do método cinético UV
automatizado (Cobas C111, Roche®) [29].

Analise dos Dados

Para comparar os parametros estudados entre 0s grupos experimentais e
validacdo dos pressupostos de normalidade dos dados e homogeneidade de
variancias, foi realizada respectivamente os testes de Shapiro-Wilk e Levene. Para
os dados com distribuicdo normal recorreu-se a analise de variancia em uma via
(ANOVA one-way) com contrastes pelo método de Tukey para os dados com
distribuicdo normal ou ainda teste de Kruskal Wallis para os dados com distribui¢cao
nao normal. Todas as andlises foram realizadas segundo os métodos estatisticos
descritos por Maroco [30], com o uso do software SPSS for Windows v.13.0. O nivel
de significancia estatistica adotado para todas as analises foi de 5%. Os dados

estdo expressos em média + desvio padrdao, mediana, valor minimo e maximo.

RESULTADOS

Os parametros que indicam remodelacdo cardiaca, anatdbmicos e
morfoldgicos estdo apresentados na Tabela 1. Os valores foram expressos em
média + desvio padrdo, mediana, valor minimo e maximo. O peso corporal final,
peso do VE, relacdo VE/PCF e area dos cardiomiocitos ndo mostraram diferenca
estatistica. Ja para a avaliacdo do colageno (Figura 1), observou-se diferenca
estatistica do grupo TR, quando comparado com os demais grupos (CT, GH e
TRGH). A expressdo do RNAm das proteinas reguladoras do transito de Ca®*, RyR,
SERCA2a e PLB, ndo mostrou diferenca estatistica. Os valores foram expressos em
meédia + desvio padrao, e estdo representados nas figuras 2, 3 e 4, respectivamente.

Com relacdo a dosagem da CK-MB, houve diferenca estatistica significativa
entre 0s grupos treinados, comparados aos grupos nao treinados (Figura 5).

DISCUSSAO

Este estudo foi conduzido com a finalidade de verificar a influéncia do TR, GH
e sua associacdo sobre morfologia, expressédo génica das proteinas do transito de
Ca’* e do marcador de dano cardiaco, atividade da CK-MB sobre o coragéo. Os
principais achados do estudo foram: aumento da expressdo de colageno no

ventriculo esquerdo do grupo que praticou o TR isolado, diminui¢cdo da expressédo de
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coldgeno quando o TR foi associado ao GH e do dano miocardico ocasionado pelo
TR independente do GH.

A frac&o de colageno encontrada no grupo TR foi maior em comparacao com
0S outros grupos, mas desconhecemos se esta remodelacédo foi um efeito fisioldgico
benéfico do TR, uma vez que o marcador de lesdo miocéardica estava aumentado.
Um dos poucos estudos que avaliou a influéncia do TR sobre a remodelagao
miocardica encontrou aumento intersticial do colageno e acrescenta que este
aumento foi benéfico, podendo variar dependendo do tipo de estimulo fisico
recebido, aerdbio ou de resisténcia [9]. Uma possivel explicagdo para este aumento
de colageno é que a sobrecarga de pressao cardiaca, imposta pelo estresse
mecanico do TR, pode estar relacionada com a degradacdo do colageno no
miocardio e como resposta ocorre a sintese com a regulacdo dos niveis de RNAm
do colageno [31,32].

Esse componente da remodelacdo cardiaca aumentado pode ser decorrente
da leséo do cardiomiécito [33] evidenciada no nosso experimento, pela elevacdo da
CK-MB dos grupos treinados. Esse resultado corrobora com dados encontrados na
literatura com exercicios de alta intensidade como em atletas de meia maratona [34],
maratona [35] e ultramaratona [36].

A CK-MB é um marcador de lesdo miocardica e estd relacionada com a
manutencdo da integridade da membrana plasmatica. Essa elevacdo da CK-MB,
evidenciada em nosso experimento, pode estar relacionada com a alta intensidade
do exercicio, que leva a injaria e morte celular [37]. Neste processo ocorre reacao
inflamatdria e expressdo de mediadores inflamatérios como o fator de necrose
tumoral alfa (TNF-a) e a Interleucina-6, que em resposta a este excesso de
treinamento, pode levar a um predominio da via de degradacao de proteinas sobre a
via de sintese de proteinas prejudicando a reestruturagdo cardiaca [38].

No nosso estudo, o GH amenizou a deposicdo do colageno fato que se
assemelha a outras pesquisas, que enfocam o seu efeito cardioprotetor na
remodelacdo cardiaca patoldgica amenizando a formacao de colageno tipo | e llI
[39,40]. Entretanto ndo avaliamos qual tipo de coldgeno (lal, lall e IIl) foi modulado,
sendo que estes podem variar de acordo com o estimulo, fisiolégico ou patolégico,
assim como pela suplementacdo de substancias e a intensidade de exercicios.
Assim, mais pesquisas sd0 necessarias para determinar qual o tipo de colageno e

qual via molecular foi ativada nesta resposta.



20

Nao houve hipertrofia cardiaca quando avaliados a relagdo VE/PCF e
didmetro dos cardiomidcitos tanto no uso do GH, como no TR isolado e de forma
combinada, e esses resultados sdo controversos [40-45]. Moreira et al., [40] n&o
observaram alteragbes na relagcdo VE/PCF de ratos submetidos a sobrecarga
cronica pressorica no modelo de estenose aortica apdés curto periodo de
tratamento com GH (1 mg/kg por 14 dias). Estes autores mostraram como efeito
cardioprotetor, apenas a atenuacdo da fibrose miocardica, o que denota um
efeito especifico deste horménio. Sugizaki et al., [41] também ndo evidenciaram
diferencas na relacdo VE/PCF em ratos submetidos a natacdo com sobrecarga de
peso (5% do peso corporal). Estes animais foram submetidos a cinco sessdes de
natacdo semanais, por 12 semanas consecutivas. Entretanto, Barauna et al., [42]
observaram aumento no didmetro dos cardiomiocitos nos ratos submetidos a um
protocolo de treinamento de resisténcia no qual consistia na extenséo de tronco com
sobrecarga do equipamento por 4 séries de 12 repeticbes com 65% a 75% de uma
repeticAo maxima por 4 ou 12 semanas. Este tipo de treino induziu hipertrofia
cardiaca concéntrica sem disfuncao ventricular e diminuicdo das camaras.

Embora, a hipertrofia ventricular com o aumento do diametro dos
cardiomidcitos tenha sido ainda observada em outros estudos que envolveram o TR
e 0 GH [40,41], ressalta-se a ideia que um periodo maior de treinamento, carga e
forma de realizacéo e diferentes doses de GH possam influenciar [42,45].

Os mecanismos celulares e moleculares envolvidos com a acédo do GH, do
TR e sua associacdo no coracdo ainda nao foram totalmente esclarecidos
[42,43,45]. Na presente pesquisa ndo houve alteragbes nos genes relacionados ao
transito de Ca®" cardiaco. Os cardiomidcitos expressam receptores tanto para o GH
como para o0 IGF-1 e esses receptores sdo influenciados por alteracdes
hemodindmicas e acredita-se que ambos o0s hormdnios exercem efeitos
estimulantes na contratilidade miocardica [45]. Além disso, esses hormonios e 0s
peptideos liberadores de GH como a grelina, possuem efeitos benéficos cardiacos
[45-47]. O estudo de Ma et al., [15] mostrou que a ativagcédo do receptor GHS-R1a
grelina produziu um efeito inotrépico em cardiomiocitos isquémicos por lesdes de
isquemial/reperfusdo provavelmente por proteger ou recuperar as proteinas do
transito de Ca®* como a SERCA2a e a PLB. Esperava-se no nosso estudo que este
efeito na remodelacéo cardiaca pudesse ser mediado pela elevacdo na expressao
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dos genes que foram avaliados, devido a administracdo do GH, pois ele estimula a
sintese proteica da célula e a formacdo de RNAm, porém, isso ndo ocorreu.
Algumas hipoteses para explicar tal fato seria a menor sensibilidade do tecido
cardiovascular a acao direta do GH, como observado por Volterrani et al. [45], e
ainda, a retroalimentacdo negativa do GH e dos IGFs, pela sua administracio
exogena que pode ter interferido na regulacdo da sintese e da secre¢édo do GH [48].

O TR promove o aumento da concentracdo de Ca®" no interior das células
aumentando o grau de contratilidade dos cardiomiocitos; fato que induz a
superexpressao de SERCA2a e consequentemente do seu regulador, a PLB [49,50].
No entanto, no nosso estudo, os genes do transito de Ca®* ndo sofreram influéncias
do TR isolado ou associado ao GH. Sugere-se que o periodo de quatro semanas
nao foi suficiente para propiciar remodelacdo cardiaca com alteracdo da expressao
destes genes nos animais saudaveis, entretanto, em outro experimento que avaliou
animais com disfungdo cardiaca, porém com protocolo de treinamento de 8
semanas, houve diferenca estatistica na expressdo dos genes do transito de Ca**
cardiaco [51].

Outros mecanismos podem estar envolvidos na modulagdo da
contratilidade cardiaca em resposta ao TR, como por exemplo os fatores neuro-
humorais, 0 sistema nervoso simpatico por meio dos receptores adrenérgicos (a1a,
B1 e B2) e o sistema enddcrino via angiotensina Il (Ang Il) [52,53], assim como, 0s
mecanismos neuromoduladores circulatérios pela acdo do 6xido nitrico (NO) [54].
Ainda destaca-se a expresséo da a- e B-MHC (miosina de cadeia pesada), uma vez
que a MHC é a principal proteina contractil do coragdo, e é essencial para a
eficiéncia do desempenho cardiaco [55].

Avaliar a expressdo destes mecanismos € essencial para uma maior
compreensao do efeito inotropico positivo na remodelacdo cardiaca. Por isso, €
necessario mais pesquisas que analisem esta mesma metodologia mas com outro
tipo de abordagem no que se refere aos mecanismos envolvidos na resposta
morfologica, contratil e bioquimica cardiaca.

Esta pesquisa ndo analisou os mecanismos que levaram ao dano cardiaco,

por isso novos estudos Sao0 necessarios.
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CONCLUSAO

O TR promoveu remodelamento intersticial do colageno cardiaco e necrose
tecidual, caracterizada pelo aumento da CK-MB, porém, quando o TR foi associado
ao GH o colageno nao se alterou. Os demais resultados deste estudo mostraram
que o TR associado a administracdo do GH ndo promoveu alteracdo nas estruturas
cardiacas e nem aumento do RNAm dos principais genes do Ca?* cardiaco, RyR,
SERCA2a e PLB.
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Tabela 1. Pardmetros anatdmicos, area seccional do cardiomiocito e da fracdo de
colageno intersticial expressos em média + desvio padrdo, mediana, valor minimo e

maximo.

Grupos

Variaveis
CT GH TR TRGH

297,27 +22,14  31381+14,02 304,30 +29,08 292,05 + 1596
PCF (g) 305,10 309 307,10 285,30
[258,80 — 317,70] [295,70 — 334,20] [255,70 — 343,30] [273,40 — 314,20]

0,74 +0,31 0,87 + 0,25 0,75+ 0,26 0,77 +0,23
VE (9) 0,61 0,74 0,67 0,68
[0,47 — 1,23] [0,58 — 1,21] [0,43 — 1,22] [0,55 — 1,14]
VE/PCF 2,48 + 0,95 2,76 + 0,79 2,55+ 1,04 2,64 +0,81
(mg/g) 2,04 2,35 2,12 2,38
[1,74 — 4,03] [1,92 — 3,73] [1,26 — 4,13] [1,91 — 3,93]
8834 + 1457 9359 + 1242 10613 + 2018 8847 +910,8
AS (px?) 9458 9118 9550 8820

[6979 - 10460] [7537 - 10800] [9082 - 13712] [7842 - 10234]

0.099 + 0.043 0.087 + 0.028 0.223 +0.102 * 0.112 + 0.029
IC (%) 0.106 0.077 0.221 0.099
[0.026 —0.169]  [0.056—0.135]  [0.064 —0.409]  [0.082 —0.147]

CT: sem exercicio e sem hormoénio do crescimento (controle); GH: grupo sedentario e
hormdnio do crescimento; TR: treinamento resistido; TRGH: treinamento resistido e
horménio do crescimento; PCF: peso corporeo final; VE: peso o ventriculo esquerdo;
AS: &rea seccional do cardiomidcito; IC: fracdo de colageno intersticial; * p<0,05 vs.
Grupo CT, GH, TRGH.
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Figura 1. Picrosirius red do coldgeno miocérdio. Microscépio éptico com objetiva de
40X. O colageno é corado em vermelho. A - grupo controle (CT); B - grupo hormonio
do crescimento (GH); C - grupo treinamento resistido (TR); D — grupo treinamento

resistido e hormoénio do crescimento.
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Figura 2. Niveis relativos de RNAmM determinados por qPCR da Rianodina
(RyR), expressos em média + desvio padrdo. CT=grupo controle; GH=grupo
horménio do crescimento; TR=grupo treinamento resistido; TRGH=grupo

treinamento resistido e hormoénio do crescimento.
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Figura 3. Niveis relativos de RNAm determinados por RT-gPCR do Reticulo
Sarcoplasmatico Ca™® ATPase (SERCA2a), expressos em média + desvio
padrdo. CT=grupo controle; GH=grupo horménio do crescimento; TR=grupo
treinamento resistido; TRGH=grupo treinamento resistido e horménio do

crescimento.
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Figura 4. Niveis relativos de RNAmM determinados por RT-gPCR da
Fosfolambam (PLB), expressos em média + desvio padrdo. CT=grupo
controle; GH=grupo horménio do crescimento; TR=grupo treinamento
resistido; TRGH=grupo treinamento resistido e horménio do crescimento.
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Figura 5. Dosagem da Creatina Fosfoquinase-Musculo Cérebro (CK-MB)
por analise bioquimica, expresso em média + desvio padrao. CT=grupo
controle; GH=grupo hormonio do crescimento; TR=grupo treinamento
resistido; TRGH=grupo treinamento resistido e horménio do crescimento.
*p<0,05 TR, TRGH vs. CT, GH.
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ABSTRACT

Objective-This study aimed to evaluate the effects of growth hormone (GH), in rats
submitted to resistance training (RT) on cardiac remodeling in morphological aspects,
Ca’* genes and cardiac marker.

Design- Wistar male rats were divided into 4 groups: control (CT, n = 7), Growth
Hormone (GH, n = 7), Resistance Training (RT, n = 7) and Resistance Training with
Growth Hormone administration (RTGH, n = 7). The GH dose was 0,2 IU/kg through
subcutaneous administration every two days, and the RT model used was the vertical
jump in water (4 sets of 10 jumps/day, 3 sessions/week) both for 30 consecutive
days. Anatomical variables such as final body weight (FBW), left ventricle weight (LV)
and the LV/FBW ratio of rats were evaluated. The morphology analysis consisted of
the cardiomyocytes cross-sectional area (HE) and collagen fraction (picrosirius). The
mRNA of the proteins of the calcium pump of the sarcoplasmic reticulum Ca?*
ATPase (SERCAZ2a), phospholamban (PLB) and ryanodine (RyR) infarction were
evaluated by real-time PCR (QPCR). The cardiac marker dosed was creatine kinase
muscle-brain fraction (CK-MB), through serum analysis

Results- FBW, LV weight, LV/FBW ratio, cardiomyocytes cross-sectional area, as
and SERCA2a, PLB and RyR gene expression, showed no statistical difference
between the groups, whereas for the collagen assessment , an increase in RT group
(p <0,05) was observed when compared to other groups (CT, GH and RTGH). In
biochemical analysis of CK-MB there was statistical difference between trained
groups and untrained groups.

Conclusion- The RT interferes with cardiac remodeling by increasing interstitial
collagen, which may result from the myocardial injury characterized by increased CK-

MB, however, when combined with GH collagen remained unchanged.

Key words: Gene expression, myocardium, calcium, growth hormone, training.
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RESUMO

Objetivo- Este estudo teve como objetivo avaliar os efeitos do Horménio do
Crescimento (GH), do Treinamento Resistido (TR) e sua associacdo sobre
remodelacdo cardiaca nos aspectos morfolégicos, genes do Ca** e marcador
cardiaco.

Desenho- Ratos Wistar machos foram distribuidos em 4 grupos: controle (CT, n=7)
Horménio do Crescimento (GH, n=7), Treinamento Resistido (TR, n=7, <
Treinamento Resistido com Hormonio do Crescimento (TRGH, n=7). A dose do GH
foi de 0,2 Ul/Kg, via subcutaneo, a cada dois dias e o TR foram saltos verticais na
agua (4 séries de 10 saltos/dia, 3 sessdes/semana) ambos por 30 dias consecutivos.
Avaliaram-se as variaveis anatdémicas como o peso corporal final (PCF), o peso do
Ventriculo Esquerdo (VE) e a relacdo VE/PCF dos ratos. A morfologia constou da
andlise da area dos cardiomiécitos (Hematoxilina e Eosina-HE) e a fracdo de
colageno (Picrosirius). O RNAm das proteinas da bomba de célcio (Ca**) do reticulo
sarcoplasmatico Ca?* ATPase (SERCAZ2a), fosfolambam (PLB) e rianodina (RyR) do
miocardio foram avaliados por PCR em tempo real (QPCR). O marcador cardiaco
dosado foi a creatina quinase fracdo musculo-cérebro (CK-MB), por meio da analise
sérica.

Resultados- O PCF, peso do VE, a relagcdo VE/PCF e a &rea dos cardiomidcitos,
assim como, a expressao génica SERCA2a, PLB e RyR, ndo teve diferenca
estatistica, ja para avaliacdo do colageno, houve aumento do grupo TR (p < 0,05),
guando contrastado com os demais grupos (CT, GH e TRGH). Na analise
bioguimica da CK-MB houve diferenca estatistica dos grupos treinados em relacao
aos grupos nao treinados.

Conclusdo- O TR interfere na remodelacdo cardiaca aumentando o colageno
intersticial, que pode ser decorrente da necrose miocéardica caracterizada pelo
aumento da CK-MB, porém, quando associado ao GH o colageno néo se alterou.

Palavras-chave: Expressao génica, miocardio, calcio, horménio do crescimento,

treinamento.
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BACKGROUND

Interventions such as resistance training (RT) and ergogenic resources have
frequently been used to maintain good health and body esthetics. Amongst the
ergogenic resources utilized, the growth hormone (GH) is highlighted. Although
forbidden for competitive athletes by the World Anti-Doping agencies, this hormone is
a widely spread drug [1-3].

GH affects the heart and causes cardiac hypertrophy without increasing
fibrosis. This response is accompanied by increased contractility, changes in cardiac
action potentials and peripheral vasodilatation genesis [4-5]. Some researches show
the cardioprotective GH effect after a myocardial infarction, softening the pathological
cardiac remodeling [4]. There are other studies reporting the damages of GH in
individuals with chronic hypersecretion oh this hormone (acromegaly) leading to
development of concentric cardiac hypertrophy with interstitial fibrosis and
lymphomononuclear infiltrates and if the hormone overload is not controlled, it may
evolve to heart failure (HF) [5-7]. Although other risk factors follow acromegaly, it is
believed that the GH excess and its mediator insulin-like growth factor-1 (IGF-1), may

be the major contributors to cardiovascular disease [7,8].

Regarding resistance training (RT), researches are controversial in relation to
the cardiac effects. These exercises promote myocardial remodeling with left
ventricular hypertrophy, increased capillary density, alteration in connective tissue
and benefits affect heart function [9,10]. Some studies have demonstrated the
influence of myocardial dysfunction followed by the practice of endurance exercise.
However RT may also interfere with the markers of myocardial injury by causing
overload of the cardiovascular system [11,12]. In a meta-analysis study, it was
observed that resistance training does not show favorable effects on myocardial
remodeling in HF as aerobic exercises does, the increase in blood pressure loads,
systolic and diastolic, that takes place in resisted training, prevents the beneficial
effects that the exercise could bring and may even exacerbate ventricular remodeling
[13].

Therefore, depending on the GH dose, as well as the intensity and duration of
RT, it may result in damages to the organism and in ventricular remodeling [5,14].

One of the mechanisms involved in the contractile function of heart remodeling

is the gene expression associated with intracellular Ca** homeostasis [15]. However,
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its role in cardiac remodeling is still not clear as well as GH administration, resistance
exercise or association of both. The sarcoplasmic reticulum Ca** ATPase
(SERCAZ2a), phospholamban (PLB) and ryanodine (RyR) are some of the proteins
involved in the activation and regulation of several metabolic processes such as the
balance between absorption, release of sarcoplasmic Ca*?> and the sarcolemmal
output and by the heart contraction strength [16-17]. The RyR connects to Ca*? at the
beginning of the action potential by releasing it from the sarcoplasmic reticulum (SR),
promoting and regulating muscle contraction [18]. The SERCA2a catalyzes and
activates the transport of calcium into the SR through the cytoplasm vesicles and
performs its role in muscles relaxation. This process is regulated by PLB, that
remains dephosphorylated inhibiting the action of SERCA2a. This phosphorylation
allows the reuptake of Ca** by SERCA2a [19].

Since GH has an important function in myocardial remodeling, its exogenous
association to resistance training may interfere with cardiac remodeling. The
hypothesis of this study is that the RT associated with GH modulates the morphology

of the protein expression of the traffic of Ca®* and marker of myocardial injury.

There are no researches evaluating the relationship between GH, RT,
myocardial injury marker and gene transcription of molecular structures in myocardial
calcium traffic. In order to evaluate these molecular mechanisms it is crucial to
understand the physiological mechanisms involved in their association and provide
clinical indicators to use them safely. Therefore, this study aimed to evaluate the
effects of GH administration, RT and its association on cardiac remodeling in relation
to morphology and levels of myocardial mMRNA expression of proteins involved in

Ca®" homeostasis and cardiac marker.

MATERIAL AND METHODS
Animals and Procedures

28 male Wistar rats were used, with a mean weight of 235 + 15,2 grams, 9
weeks old, from the Biotery of University of Oeste Paulista (UNOESTE), SP, Brazil.
The animals were placed in 7 boxes with four animals each, with individual marking,
free access to water and food (SupraLab®) and standard environmental conditions
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were maintained, with light control (light cycles/dark 12 hours, light from 7am),
temperature (21 £ 5 ° C) and relative air humidity (55 £ 5%).

This study was approved by UNOESTE Ethics Committee on Animal
Experimentation (CEUA) under 1688 and 1689 protocols and was performed
according to the Guide for the Care and Use of Laboratory Animals published by the
National Research Council [20].

Study Design

Rats were conducted to the Biotery of Animal Experimentation, University of
Oeste Paulista (UNOESTE) , SP, Brazil and after 7 days of acclimatization they were
divided into four groups: Control (CT, n=7), Growth Hormone administration (GH,
n=7) Resistance Training (RT, n=7) and Resistance Training associated with
administration of Growth Hormone (RTGH, n=7).

Growth Hormone Administration

The animals subjected to the use of GH were administered at a 0.2 IU/kg dose
of recombinant human GH (rhGH Saizen ® - Merck) subcutaneous route, every two
days for 30 consecutive days [21]. Remaining animals received physiological

solutions in similar volume.

Resistance Training (RT)

Physical training was conducted using a protocol of vertical jumps in the water,
three times a week for 30 consecutive days. One week before starting the
experiment, the rats were adapted to exercise in the water, increasing the number of
sets every day of adaptation with 50% overload of their total body weight. Training
took place inside a PVC tube with 25 cm in diameter and 38 cm depth with heated
water (30° C) inside it, as described by de Mello Malheiro [22]. After this adaptation
period the animals initiated the training protocol and each session consisted of four
sets of 10 jumps with 1 minute interval for rest. The rats were weighed before each
session in order to recalculate the load added (50% overload of their total body
weight). The overload was applied through fixed weights with a vest with velcro
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positioned on the anterior chest. At the end of each training the animals were dried to
return to their boxes.

Analysis of Anatomical Parameters

At the end of 4 weeks, 72 hours after the last training session, the animals
were weighed, anesthetized with ethyl ether and killed by exsanguination. The hearts
of the animals were removed, weighed and subsequently the left ventricle (LV) was
dissected and weighed again. The LV apex was frozen in liquid nitrogen and the
superior portion in 10% formol solution for gene expression and morphological
assessment, respectively. The wet weight of the LV, adjusted for the final body
weight (FBW), was used as an index of ventricular hypertrophy. The anatomical
variables used to characterize cardiac remodeling were FBW, LV weight and the
FBWI/LV ratio.

Morphological Study

Cardiac tissue samples were fixed in 10% formol solution for a period of 48
hours. After fixation, the tissue was embedded into paraffin blocks. Four-micron
coronal histological sections were obtained. The histological sections were stained
on slides with Hematoxylin-eosin (HE) solutions for measurement of the cross-
sectional areas of myocytes, using microscope LEICA DM750 coupled to a video
camera that sends digital images to a computer equipped with image Image-Pro plus
analysis software (Media Cybernetics, Silver Spring, Maryland, USA) [23,24].

Histomorphometry - The images were obtained by binocular optical
microscope. All images were captured by video camera at 40x magnification. A
selection of images to capture and scanning was done visually. The morphometry of
these images was performed using appropriate software for this purpose. Four LV
sections were obtained from each animal. In each section captures of different fields
were performed, chosen according to to the location where you could visualize more
cells in a cross section area. Fifty cells were measured by ventricle analyzed. The
selected myocytes were cross-sectioned and had a round shape, visible in the center
of the cell nucleus and localized in the subendocardial layer of the muscular wall of
the LV. This precaution was taken in order to standardize the maximum number of
myocytes of different groups. The average cross-sectional areas obtained for each

group were used as an indicator of cell size [25].
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Slides with coronal histological sections of 6 microns and stained by Picro
Sirius red technique specific for collagen visualization were made to assess the LV
myocardial interstitium. The images of cardiac tissue were captured by Leica DM LS
computer attached to a video camera that sends digital images to a computer with
image analysis program Image-Pro Plus (Media Cyberetics, Silver Spring, Maryland,
USA). Twenty fields per ventricle were analyzed using 40X objective. The fields

chosen were distant from the perivascular region [26].

Relative gene expression of regulators of intracellular Ca2 +

Total RNA was extracted from the heart tissue (left ventricle) using Trizol
(Invitrogen) and then treated with DNAse according to the manufacturer's
instructions. The RNA integrity was assessed by electrophoresis. The High Capacity
cDNA Reverse Transcription (Applied Biosystems, CA, USA) kit was used for the
synthesis of complementary DNA (cDNA) from 1000 ng total RNA. We used RT-PCR
to quantitatively measure mRNA relative levels of SERCA2a (Rn00568762_m1), RyR
(Rn01470303_m1) and PLB (Rn01434045 m1). For this, we used TagMan Universal
PCR Master Mix (Applied Biosystems, CA, USA) according to manufacturer's
instructions and the detection system Applied Biosystems StepOne Plus. All samples
were assessed two times. The cycling conditions were as follows: enzyme activation
at 50°C for 2 minutes; denaturation at 95°C for 10 minutes; cDNA amplification
products by 40 cycles of denaturation at 95°C for 15 seconds; and annealing /
extension at 60°C for 1 minute. Gene expression was quantified in relation to the
values of control group and after normalization by an internal control B-actin (ACTB,
Rn00667869 m1), being determined by the 2-AACt method, as previously described
[27,28].

CK-MB Dosage

Blood samples were collected to perform serum biochemistry of creatine
kinase muscle-brain fraction (CK-MB) in tubes (Vacutainer®) without anticoagulant.
Next the blood was centrifuged at 3000 rpm (g = 1257). Serum was placed in plastic
microtubes and maintained at -20°C. Serum biochemistry was performed using the
automated kinetic UV method (Cobas C111, Roche ®) [29].
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Data Analysis

In order to compare the investigated parameters between the experimental
groups and validation of the assumptions of data normality and variance
homogeneity the Shapiro-Wilk and Levene tests were performed respectively. For
data with normal distribution, one way variance analysis (one-way ANOVA) with
contrasts using Tukey test for data with normal distribution or Kruskal Wallis method
for non-normal data. All analyzes were performed according to the statistical
methods described by Maroco [30], using the SPSS v.13.0 software for Windows.
The level of statistical significance for all analyzes was 5%. Data are expressed as

mean * standard deviation, median, minimum and maximum value.

RESULTS

The parameters indicating cardiac, anatomical and morphological remodeling
are presented in Table 1. The values were expressed as mean * standard deviation,
median, minimum and maximum value. The final body weight, LV weight, LV/FBW
ratio and cardiomyocytes area showed no statistical difference. However, for
collagen evaluation (Figure 1) there was a statistical difference in the RT group,
when compared to the other groups (CT, GH and RTGH). The expression of mRNA
of regulatory proteins traffic Ca?*, RyR, SERCA2a and PLB, showed no statistical
difference. The values were expressed as mean * standard deviation, and are
presented in Figures 2, 3, and 4 respectively.

Regarding the dosage of CK-MB, there was statistically significant difference
between the trained groups compared with non-trained groups (Figure 5).

DISCUSSION

This study was conducted in order to verify the influence of RT, GH and its
association on morphology, gene expression of protein of Ca®" traffic and marker
cardiac damage, activity of CK-MB on the heart.. The main findings of this study were
increase in collagen density in the left ventricle of the group that practiced isolated
RT, decrease in collagen volume fraction when RT was associated with GH and
myocardial injury caused by RT regardless of GH.

The fraction of collagen found in the RT group was higher when compared to
other groups. However we do not know if this remodeling was a beneficial

physiological effect of RT once the myocardial injury marker was increased. One of
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the few studies that evaluated the influence of RT on myocardial remodeling
reinforces these findings and adds that interstitial collagen formation was beneficial
and may vary depending on the type of physical stimulus received: either aerobic or
resistance [9]. A possible explanation for this finding is that cardiac pressure overload
imposed by the mechanical stress of RT, may be related to the collagen degradation
in the myocardium and synthesis takes place in response to the regulation of mMRNA
levels of collagen [31,32].

This component of increased cardiac remodeling may result from the
cardiomyocyte injury [33] demonstrated in our experiment, by the elevation of CK-MB
in the trained groups. This result corroborates with literature data on high-intensity
exercise in half marathon athletes [34] marathon [35] and ultra marathon [36].

CK-MB is a marker of myocardial injury and it is associated with maintenance
of plasmatic membrane integrity. This elevation of CK-MB, observed in our
experiment, may be related to high exercise intensity, which leads to injury and cell
death [37]. In this process occurs inflammatory reaction and expression of
inflammatory mediators as the tumor necrosis factor alpha (TNF-alpha) and
interleukin-6, which in response to this overtraining, may lead to a predominance of
protein degradation over the protein synthesis impairing cardiac restructuring [38].

In our study GH softened collagen deposition, this fact resembles other
studies that focus on the cardioprotective effect in pathological cardiac remodeling
easing the formation of collagen type | and Il [39,40]. However we did not evaluate
what kind of collagen (lal, lall and IIl) was modulated, since these may vary with the
provided stimulus, physiological or pathological as well as by supplementation of
substances and the intensity of exercise. Thus, further research is required for
determining what type of collagen and which molecular pathway was activated in this
response.

There was no cardiac hypertrophy in the evaluation of LV/FBW ratio and
cardiomyocyte diameter neither in the use of GH or in isolated training and in
combination. However, these results are controversial [40-45]. Moreira et al., [40]
found no alterations in the LV/FBW of rats submitted to chronic pressure overload in
aortic stenosis model after a short period of treatment with GH (1 mg/kg for 14 days).
These authors showed as cardioprotective effect, just the attenuation of myocardial
fibrosis, which indicates a specific effect of this hormone. Sugizaki et al., [41] did not

evidence differences in LV/FBW in rats submitted to swimming with weight overload
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(5% of body weight). These animals underwent five sessions of weekly swimming for
12 consecutive weeks. However, Barauna et al., [42] observed an increase in the
diameter of cardiomyocytes in rats undergoing an endurance training protocol
consisted in trunk extension with overload oh the equipment for 4 sets of 12
repetitions with 65% to 75% of one repetition maximum for 4 or 12 weeks. This type
of training induced concentric cardiac hypertrophy without ventricular dysfunction and
decreased chambers.

Although ventricular hypertrophy with increased cardiomyocyte diameter has
been observed in others studies involving RT and GH [40-41], we highlight that a
longer period of training, load, protocol and GH doses used may influence this fact
[42,45].

The cellular and molecular mechanisms related to GH action, RT and its
association in the heart have not been fully elucidated [42,43,45]. In this study there
were no changes in genes related to the traffic of cardiac Ca**. The cardiomyocytes
express receptors for both GH and IGF-1 and these receptors are influenced by
hemodynamic changes and it is believed that both hormones have stimulatory effects
on myocardial contractility [45]. Furthermore, these hormones and GH-releasing
peptides such as ghrelin have beneficial cardiac effects [45-47]. The study of Ma et
al., [15] showed that activation of the ghrelin receptor GHS-R1la produced an
inotropic effect on ischemic cardiomyocytes from injury by ischemia/reperfusion. This
is probably to protect or recover the proteins of traffic of Ca** as SERCA2a and PLB.
It was expected in this study that this effect in cardiac remodeling could be mediated
by elevated expression of the genes evaluated due to GH administration, since it
stimulates protein synthesis of the cell and mRNA formation, however this did not
occur in this study. Some hypotheses to explain this fact would be the lower
sensitivity of cardiovascular tissue to direct GH action, as noted by Volterrani et al.,
[45], and also the negative feedback of GH and IGFs by its exogenous administration
which may have interfered in the regulation of synthesis and secretion of GH [48].

RT promotes increase in Ca** concentration inside the cell by increasing the
level of cardiomyocytes contractility, this fact leads to an overexpression of the
SERCAZ2a target and consequently of its regulator, the PLB [49-50]. However, in our
study, the genes of calcium trafficking did not undergo RT influences alone or
associated with GH. This suggests that the period of four weeks was not enough to

provide cardiac remodeling with alteration in expression of these genes in healthy
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animals, however in another experiment that evaluated animals with cardiac
dysfunction using a training protocol set in 8 weeks, there have been statistical
differences in the cardiac calcium genes expression [51].

Other mechanisms may be involved in the modulation of cardiac contractility in
response to RT, for example the neurohumoral factors, the sympathetic nervous
system through adrenergic receptors (a1a, 1 and 32) and the endocrine system
through angiotensin 1l (Ang 1) [52,53], as well as the circulatory mechanisms
neuromodulators by the action of nitric oxide (NO) [54]. Noteworthy is a- and B-MHC
(myosin heavy chain) expression, since MHC is the major contractile protein of the
heart, and is crucial for the efficiency of cardiac performance [55].

Evaluate the expression of these mechanisms is essential for a better
understanding of the positive inotropic effect in cardiac remodeling. Therefore, further
studies that analyze the same methodology but with a different approach regarding
the mechanisms involved in morphologic, biochemical and cardiac contractile
response are required.

This study did not assess the mechanisms that led to cardiac damage, so

further investigations are required.

CONCLUSION

The RT promoted remodeling of the cardiac interstitial collagen, and tissue
necrosis characterized by increased CK-MB, however, when RT was combined with
GH collagen remained unchanged. The other results of this study showed that the
RT associated with administration of GH did not promote changes in cardiac
structure or an increase in mMRNA of key genes of the cardiac Ca?*, RyR, SERCA2a
and PLB.
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Table 1. Anatomical parameters, cardiomyocytes cross-sectional area and interstitial

collagen fraction expressed in mean * standard deviation, median, minimum and

maximum value.

Groups
Variables
CT GH RT RTGH
297,27 + 22,14 313,81 + 14,02 304,30 + 29,08 292,05 + 15,96
FBW () 305,10 309 307,10 285,30
[258,80 — 317,70] [295,70 — 334,20] [255,70 — 343,30] [273,40 — 314,20]
0,74+ 0,31 0,87 £ 0,25 0,75+ 0,26 0,77 0,23
LV (9) 0,61 0,74 0,67 0,68
[0,47 — 1,23] [0,58 —1,21] [0,43 - 1,22] [0,55 — 1,14]
LV/FBW 2,48 0,95 2,76 £ 0,79 2,55 + 1,04 2,64 £ 0,81
(mg/g) 2,04 2,35 2,12 2,38
[1,74 — 4,03] [1,92 — 3,73] [1,26 — 4,13] [1,91 — 3,93]
8834 + 1457 9359 + 1242 10613 + 2018 8847 +910,8
SA (px®) 9458 9118 9550 8820
[6979 - 10460] [7537 - 10800] [9082 - 13712] [7842 - 10234]
0.099 + 0.043 0.087 + 0.028 0.223+0.102 * 0.112 + 0.029
IC (%) 0.106 0.077 0.221 0.099

[0.026 — 0.169]

[0.056 — 0.135]

[0.064 — 0.409]

[0.082 — 0.147]

CT= without exercise and without growth hormone (control); GH= sedentary group and

growth hormone; RT= resistance training; RTGH= resistance training and growth

hormone; FBW= final body weight; LV= left ventricular weight; SA= sectional area of

cardiomyocytes; IC= interstitial collagen fraction; * p <0.05 vs. CT Group, GH, TRGH.
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Figure 1. Picrosirius red myocardial collagen. Optical microscope on 40X objective.
Collagen is stained in red. A - control group (CT); B - group of growth hormone (GH);
C - group resistance training (RT); D - group resistance training and growth hormone.
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Figure 2. Relative levels of mRNA determined by gPCR of Ryanodine (RyR),
expressed as mean * standard deviation. CT = control group; Group GH = growth

RyR/B-actina

RTGH

hormone; RT = resistance training group; RTGH = group resistance training and

growth hormone.
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Figure 3. Relative levels of mRNA determined by RT-qPCR of the Sarcoplasmic
Reticulum Ca®* ATPase (SERCA2a), expressed as mean + standard deviation. CT=
control group; Group GH= growth hormone; RT= resistance training group; RTGH=

group resistance training and growth hormone.
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Figure 4. Relative levels of mRNA determined by RT-gPCR of phospholamban
(PLB), expressed as mean + standard deviation. CT= control group; Group GH=
growth hormone; TR= resistance training group; TRGH= group resistance training

and growth hormone.
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Figure 5. Determination of Creatine phosphokinase-muscle brain (CK-MB) by
biochemical analysis expressed as mean + standard deviation. CT= control group;
Group GH= growth hormone; RT= resistance training group; RTGH= group
resistance training and growth hormone. * p < 0,05 RT, RTGH vs. CT, GH.
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and in the treatment of diseases.
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Additional points to note:
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academic thesis or as an electronic preprint, see
http://www.elsevier.com/postingpolicy), that it is not under consideration for
publication elsewhere, that its publication is approved by all authors and tacitly or
explicitly by the responsible authorities where the work was carried out, and that, if
accepted, it will not be published elsewhere including electronically in the same form,
in English or in any other language, without the written consent of the copyright-
holder.

Copyright

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

For subscription articles Upon acceptance of an article, authors will be asked to
complete a 'Journal Publishing Agreement' (for more information on this and
copyright, see http://www.elsevier.com/copyright). An e-mail will be sent to the
corresponding author confirming receipt of the manuscript together with a 'Journal
Publishing Agreement’ form or a link to the online version of this agreement.
Subscribers may reproduce tables of contents or prepare lists of articles including
abstracts for internal circulation within their institutions. Permission of the Publisher is
required for resale or distribution outside the institution and for all other derivative
works, including compilations and translations (please
consulthttp://www.elsevier.com/permissions). If excerpts from other copyrighted
works are included, the author(s) must obtain written permission from the copyright
owners and credit the source(s) in the article. Elsevier has preprinted forms for use
by authors in these cases: please consult http://www.elsevier.com/permissions.

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

Retained author rights

As an author you (or your employer or institution) retain certain rights. For more
information on author rights for:
Subscription articles please see http://www.elsevier.com/journal-authors/author-
rights-and-responsibilities.

Open access articles please see http://www.elsevier.com/OAauthoragreement.

Role of the funding source

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

Funding body agreements and policies

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

Open access

This journal offers authors a choice in publishing their research:

Open access
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* Articles are freely available to both subscribers and the wider public with permitted
reuse

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

» Articles are made available to subscribers as well as developing countries and
patient groups through our access programs (http://www.elsevier.com/access)
* No open access publication fee

All articles published open access will be immediately and permanently free for
everyone to read and download. Permitted reuse is defined by your choice of one of
the following Creative Commons user licenses: Creative Commons Attribution-
NonCommercial-ShareAlike (CC BY-NC-SA): for non-commercial purposes, lets
others distribute and copy the article, to create extracts, abstracts and other revised
versions, adaptations or derivative works of or from an article (such as a translation),
to include in a collective work (such as an anthology), to text and data mine the
article, as long as they credit the author(s), do not represent the author as endorsing
their adaptation of the article, do not modify the article in such a way as to damage
the author's honor or reputation, and license their new adaptations or creations under
identical terms (CC BY-NC-SA). Creative Commons Attribution-NonCommercial-
NoDerivs (CC BY-NC-ND): for non-commercial purposes, lets others distribute and
copy the article, and to include in a collective work (such as an anthology), as long as
they credit the author(s) and provided they do not alter or modify the article.

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

To provide open access, this journal has a publication fee which needs to be met by
the authors or their research funders for each article published open access.
Your publication choice will have no effect on the peer review process or acceptance
of submitted articles. The publication fee for this journal is 2500 USD, excluding
taxes. Learn more about Elsevier's pricing
policy:http://www.elsevier.com/openaccesspricing.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not
a mixture of these). Authors who feel their English language manuscript may require
editing to eliminate possible grammatical or spelling errors and to conform to correct
scientific English may wish to use the English Language Editing service available
from Elsevier's WebShop (http://webshop.elsevier.com/languageediting/) or visit our
customer support site (http://support.elsevier.com) for more information.

Informed consent and patient details

Studies on patients or volunteers require ethics committee approval and informed
consent, which should be documented in the paper. Appropriate consents,
permissions and releases must be obtained where an author wishes to include case
details or other personal information or images of patients and any other individuals
in an Elsevier publication. Written consents must be retained by the author and
copies of the consents or evidence that such consents have been obtained must be
provided to Elsevier on request. For more information, please review the Elsevier
Policy on the Use of Images or Personal Information of Patients or other
Individuals, http://www.elsevier.com/patient-consent-policy. Unless you have written
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permission from the patient (or, where applicable, the next of kin), the personal
details of any patient included in any part of the article and in any supplementary
materials (including all illustrations and videos) must be removed before submission.
Submission

Submission to this journal proceeds totally online and you will be guided stepwise
through the creation and uploading of your files. The system automatically converts
source files to a single PDF file of the article, which is used in the peer-review
process. Please note that even though manuscript source files are converted to PDF
files at submission for the review process, these source files are needed for further
processing after acceptance. All correspondence, including notification of the Editor's
decision and requests for revision, takes place by e-mail removing the need for a
paper trail.

Submit your article

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

Referees

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

Use of word processing software

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

Article structure

Text

BR/>Headings should be appropriate to the nature of the paper. In general those for
experimental papers should follow the usual conventions. Other papers can be
subdivided as the author desires; the use of headings enhances readability.
Normally only two categories of headings should be used: major ones should be
typed in capital letters in the centre of the page and underlined; minor ones should be
typed in lower case (with an initial capital letter) at the left hand margin and
underlined.

Do not use "he", "his" etc where the sex of the person is unknown; say "the patient"
etc. Avoid inelegant alternatives such as "he/she". Patients should not be
automatically designated as "she", and doctors as "he".

Introduction

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

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

Theory/calculation

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

Results should be clear and concise.

Discussion

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

Conclusions

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

Appendices

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

Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Essential title page information

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

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

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

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

Abstract

Abstracts shall be structured as per the guidelines published in the Journal of the
American Medical Association (JAMA 1995;273: 27--34). In brief, the abstract should
be divided into sections including the following: (1) Objective; (2) Design---if clinical to
include setting, selection of patients, details on the intervention, outcome measures,
etc.; if laboratory research to include details on methods; (3) Results; (4)
Conclusions.
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Highlights

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

Keywords

Three to ten words should be given below the abstract, to be used for indexing
purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on
the first page of the article. Such abbreviations that are unavoidable in the abstract
must be defined at their first mention there, as well as in the footnote. Ensure
consistency of abbreviations throughout the article.

Acknowledgements

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

Statistical methods must be identified. Computer software packages which are used
for anything, other than widely known standard statistical procedures, should be
identified by name or acronym and by author or organisation or origin. When
variability is expressed in terms of the standard error of a mean (SEM) or the
standard deviation (SD), the number of observations (n) must also be given. Levels
of significance should also be expressed as more/less than equal to given probability
(e.g. P >0.01).

Common errors such as (1) using one-tailed instead of two-tailed tests, (2)
inappropriate use of parametric analyses and (3) lack of correction (for multiple
comparisons), should be avoided.

The terms "significant” and "not significant" must not be used in a statistical sense
without providing the level of significance in terms of P.

Math formulae

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

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the
article, using superscript Arabic numbers. Many wordprocessors build footnotes into
the text, and this feature may be used. Should this not be the case, indicate the
position of footnotes in the text and present the footnotes themselves separately at
the end of the article. Do not include footnotes in the Reference Ilist.
Table footnotes Indicate each footnote in a table with a superscript lowercase letter.
Artwork

Electronic artwork

General points

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

* Embed the used fonts if the application provides that option.
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 Aim to use the following fonts in your illustrations: Arial, Courier, Times New
Roman, Symbol, or use fonts that look similar.

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

» Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

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

» Submit each illustration as a separate file.

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

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

Formats

If your electronic artwork is created in a Microsoft Office application (Word,
PowerPoint, Excel) then please supply 'as is' in the native document format.
Regardless of the application used other than Microsoft Office, when your electronic
artwork is finalized, please 'Save as' or convert the images to one of the following
formats (note the resolution requirements for line drawings, halftones, and
line/halftone combinations given below): EPS (or PDF): Vector drawings, embed all
used fonts. TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a
minimum of 300 dpi. TIFF (or JPEG): Bitmapped (pure black & white pixels) line
drawings, keep to a minimum of 1000 dpi. TIFF (or JPEG): Combinations bitmapped
line/half-tone (color or grayscale), keep to a minimum of 500 dpi.

Please do not:

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

« Supply files that are too low in resolution;

» Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG),
EPS (or PDF) or MS Office files) and with the correct resolution. If, together with your
accepted article, you submit usable color figures then Elsevier will ensure, at no
additional charge, that these figures will appear in color on the Web (e.g.,
ScienceDirect and other sites) in addition to color reproduction in print. For further
information on the preparation of electronic artwork, please
see http://lwww.elsevier.com/artworkinstructions.

Photographic lllustrations and Radiographs

These should be submitted as clear, lightly contrasted black and white or colour
images, sizes as above. Photomicrographs should have the magnification and details
of staining techniques shown. X-ray films should be submitted as photographic
images, carefully made to bring out the detail to be illustrated with an overlay
indicating the area of importance. Figures should be submitted appropriately lettered
in capitals. The size of the letters should be appropriate to that of the illustration. All
illustrations should be clearly marked with figure number and author's name, and the
top of the figure should be indicated by an arrow.

lllustration services

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

Figure captions

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

Tables

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

References

Citation in text

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

Reference links

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

Web references

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

Reference style

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

given.

Example: '..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different
result ...."

List: Number the references (numbers in square brackets) in the list in the order in
which they appear in the text.

Examples:

Reference to a journal publication:

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

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

Reference to a chapter in an edited book:

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

Abbreviations, Numbers & Sl Units

The decimal point and not a comma should be used, e.g. 6.89 not 6,89. A space
rather than a comma should follow thousands and multiples thereof, e.g. 10 000 not
10,000.

Measurements of length, height, weight and volume should be reported in metric
units (metre, kilogram, litre). Temperatures should be given in degrees Celsius and
blood pressures in millimetres of mercury or kPa with the alternative unit in
parentheses. All other measurements including laboratory measurement should be
reported in the metric system in terms of the International System of Units (SI).
Isotopically labelled chemicals should be identified by the atomic number and the
symbol of the isotope and its location in the molecule. The specific activity of the
starting material should be given in terms of the curies (ci) or becquerels (BQ):
disintegrations/second per molar weight.

Authors should limit the use of abbreviations. Terms which are mentioned frequently
may be abbreviated but only if this does not detract from reader comprehension. The
abbreviation should be defined after the first use of the term.

When quoting from specific materials or proprietary drugs, authors must state in
parentheses the name and address of the manufacturer. Generic names should be
used if possible.

Video data

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

Supplementary data

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

Submission checklist

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

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
* E-mail address

* Full postal address

* Phone numbers All necessary files have been uploaded, and contain:

» Keywords

« All figure captions

* All tables (including title, description, footnotes) Further considerations

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

* References are in the correct format for this journal

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

* Permission has been obtained for use of copyrighted material from other sources
including the Web)

» Color figures are clearly marked as being intended for color reproduction on the
Web (free of charge) and in print, or to be reproduced in color on the Web (free of
charge) and in black-and-white in print

« If only color on the Web is required, black-and-white versions of the figures are also
supplied for printing purposes. For any further information please visit our customer
support site at http://support.elsevier.com.

Use of the Digital Object Identifier

The Digital Object Identifier (DOI) may be used to cite and link to electronic
documents. The DOI consists of a unique alpha-numeric character string which is
assigned to a document by the publisher upon the initial electronic publication. The
assigned DOI never changes. Therefore, it is an ideal medium for citing a document,
particularly ‘Articles in press' because they have not yet received their full
bibliographic information. Example of a correctly given DOI (in URL format; here an
article in the journal Physics Letters B):
http://dx.doi.org/10.1016/].physletb.2010.09.059

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

Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing
system, allowing annotation and correction of proofs online. The environment is
similar to MS Word: in addition to editing text, you can also comment on
figures/tables and answer questions from the Copy Editor. Web-based proofing
provides a faster and less error-prone process by allowing you to directly type your
corrections, eliminating the potential introduction of errors.
If preferred, you can still choose to annotate and upload your edits on the PDF
version. All instructions for proofing will be given in the e-mail we send to authors,
including  alternative  methods to the online version and PDF.
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We will do everything possible to get your article published quickly and accurately -
please upload all of your corrections within 48 hours. It is important to ensure that all
corrections are sent back to us in one communication. Please check carefully before
replying, as inclusion of any subsequent corrections cannot be guaranteed.
Proofreading is solely your responsibility. Note that Elsevier may proceed with the
publication of your article if no response is received.

Offprints

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