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RESUMO

A intolerancia ao exercicio permanece como um das caracteristicas
predominantes na insuficiéncia cardiaca (IC). A terapia laser de baixa intensidade
(TLBI) emerge como uma ferramenta capaz de melhorar o desempenho ao
exercicio, porém pouco se sabe sobre seus efeitos na capacidade funcional na IC. O
Treinamento de Forga (TF) é parte integrante de um programa de reabilitagéo
cardiaca, porém seu efeito no Consumo Maximo de Oxigénio (VOzmax) Na IC ainda
nao esta estabelecido. O modelo animal de IC induzida por Infarto Agudo do
Miocardio (IAM) é usado extensamente para avaliar potenciais terapias nessa
sindrome. Nesse contexto, é essencial definir se os ratos submetidos a cirurgia de
IAM desenvolverdo primariamente uma reducdo da capacidade funcional. A
conclusdo de que o modelo animal (ratos) de IC induzida por IAM é capaz de reduzir
a capacidade funcional é dificultada por metodologias e resultados discrepantes.
Portanto, os objetivos dessa tese sdo: 1) avaliar a influéncia da TLBI associada ao
TF na forca maxima da musculatura esquelética, VOomax, distdncia percorrida e
tempo de permanéncia em esteira em ratos com IC induzida por IAM; 2) caracterizar
esse modelo animal quanto a capacidade funcional e; 3) revisar sistematicamente o
impacto desse modelo animal no VOynax, Na distancia percorrida e no tempo de
permanéncia em esteira. Por meio de trés estudos experimentais inéditos e uma
revisdo sistematica com meta-analise em ratos, conclui-se que: 1) a TLBI associada
ao TF aumenta o ganho de forga da musculatura esquelética maximo, o VOznax € a
tolerancia ao exercicio comparado ao TF isolado em ratos com IC induzida por IAM;
2) 0 VO2max € a tolerancia ao exercicio sdo dependentes do tamanho do infarto do
miocardio e; 3) ratos submetidos ao IAM reduzem o0 VOzmax, 0 tempo de
permanéncia em esteira e a distancia percorrida quando comparado a ratos controle.
Nossos resultados contribuem de forma significativa para o entendimento dos efeitos
da TLBI associada ao TF nos parametros de capacidade funcional na IC.
Adicionalmente, nossos resultados mostram que animais com grandes areas de
infarto (>40%) sdo um bom modelo para testar novas terapias que possam promover

alteracdes em variaveis de capacidade funcional.

Palavras-chave: Fototerapia. Exercicio fisico. Forgca maxima. Consumo maximo de

oxigénio. Tolerancia ao exercicio. Ratos. Infarto agudo do miocardio.



ABSTRACT

The exercise intolerance remains as a markedly manifestation in heart failure
(HF). Low-level Laser Therapy (LLLT) emerges as a tool capable to improve the
exercise performance, however little is known about the effects of LLLT in the
functional capacity in HF. Resistance Training (RT) is a part of a cardiac rehabilitation
program, however their effects in the Maximal Oxygen Uptake (VOgzmax) still not
established. The animal model of HF following myocardial infarction (Ml) is widely
used to evaluate potential therapies in this syndrome. In this context, its essential to
define if rats underwent to MI develops primarily a reduction in functional capacity.
The conclusion that the rat model of IC following MI is capable to reduce the
functional capacity is hampered by discrepant methodologies and results. Therefore,
the aims of this thesis are: 1) assess the influence of the LLLT associate with RT in
the maximal strength, VOgnmax, distance to run and time to exhaustion in rats with HF
following MI; 2) characterize this animal model as the functional capacity e; 3)
systematically review the impact of this animal model in VOznax, distance run and
time to exhaustion. Through by three inedited animal studies and one systematic
review with meta-analysis in rats, we conclude: 1) LLLT associated with RT improves
maximal strength gain, VOzmax and exercise tolerance compared to RT alone in HF-
Ml rats; 2) VO2max and exercise tolerance area M|l dependents and; 3) rats underwent
to MI systematically reduce VOznax, time to exhaustion and run distance compared to
control rats. Our results contribute to the understanding about the effects of LLLT
associated with HF in functional capacity parameters in HF. Additionally, our results
show that animals with large M| (>40%) are a suitable model to test novel therapies
that can change functional capacity variables.

Keywords: Phototherapy. Physical exercise. Maximal strength. Maximal oxygen

uptake. Exercise tolerance. Rats. Myocardial infarction.
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1 CONTEXTUALIZAGAO

Durante a realizagdo do meu mestrado no Programa de Poés-Graduagdo em
Ciéncias da Saude da Universidade Federal de Ciéncias da Saude de Porto Alegre,
nosso grupo de pesquisa (Grupo de Pesquisa em Interacdo Cardiopulmonar —
GPIC), coordenado pelo Prof. Pedro Dal Lago, iniciou um linha de pesquisa sobre a
aplicacdo da Terapia Laser de Baixa Intensidade (TLBI) na Insuficiéncia Cardiaca
(IC). O primeiro trabalho realizado nessa linha de pesquisa e tema da minha
dissertacdo de mestrado evidenciou que a TLBI é capaz de melhorar o perfil
inflamatorio (redugé&o da concentragdao de TNF- a e IL-6 e aumento da concentragao
de IL-10) na musculatura esquelética de ratos com IC induzida por infarto agudo do
miocardio (IAM) (HENTSCHKE et al., 2013). Observando o ciclo vicioso entre
inflamacé&o/estresse oxidativo na IC (KHAPER et al., 2010), delineamos um segundo
estudo que evidenciou que a TLBI é capaz de reduzir o estresse oxidativo na
musculatura esquelética de ratos com IC (BIASIBETTI et al., 2014). Porém, até a
presente data, nenhum estudo foi realizado com o objetivo de observar o impacto da
TLBI na capacidade funcional no modelo animal de IC.

Apesar do notavel progresso na abordagem terapéutica de pacientes com IC, a
intolerancia ao exercicio permanece como uma das caracteristicas predominantes
dessa sindrome (CONRAADS et al., 2013). Sintomas que caracterizam a |IC,
incluindo a fadiga, estdo frequentemente relacionados a anormalidades na
musculatura esquelética (MIDDLEKAUFF, 2010). Nesse contexto, a inflamagao
(CICOIRA et al., 2001; GIELEN et al., 2005) e o estresse oxidativo (COIRAULT et
al., 2007) parecem desempenhar um importante papel na miopatia periférica na IC.

A reabilitagédo cardiaca pode ser util em pacientes com IC clinicamente estaveis
com o objetivo de melhorar a capacidade funcional, a duracédo do exercicio, a
qualidade de vida relacionada a saude e a mortalidade (YANCY et al., 2013).
Evidéncias mostram que o treinamento de forca (TF) aumenta a forga muscular, e
isso esta associado a melhora do status clinico, a qualidade de vida e a capacidade
ao exercicio (JANKOWSKA et al., 2008). Entretanto, o efeito do TF no consumo
maximo de oxigénio (VO2max) €m pacientes com IC ainda nao esta estabelecido, com
alguns estudos descrevendo nenhum efeito (MAGNUSSON et al., 1996; HARE et
al., 1999; PU et al., 2001; JANKOWSKA et al., 2008).



Paralelamente, um crescente numero de evidéncias apresenta a TLBI como
uma emergente ferramenta capaz de melhorar o desempenho ao exercicio em
humanos (FERRARESI et al.,, 2011; LEAL-JUNIOR et al., 2015). Nesse contexto,
estudos clinicos mostram que a TLBI associada ao TF aumenta o ganho de forga
maxima comparada ao TF isolado em individuos saudaveis (FERRARESI et al.,
2011). Estudos em animais mostram que a fototerapia aumenta o desempenho
muscular em camundongos saudaveis submetidos ao TF (FERRARESI et al., 2014).

Ainda, evidencia-se que a TLBI aumenta o desempenho ao exercicio (VOzmax -
e tempo em esteira) em um protocolo de corrida com intensidade progressiva até a
exaustdo em humanos (DE MARCHI et al., 2012). Recentemente, observou-se que
a TLBI associada ao treinamento aerdébico aumenta o VO« devido a reducdo de
marcadores inflamatorios (IL-6 e TNF-a) em ratos idosos (AMADIO et al., 2015).
Esse montante de evidéncias sugere, em ultimo plano, a aplicabilidade da TLBI
associada a programas de treinamento fisico.

Entretanto, até o momento, ndo conhecemos nenhum estudo que avaliasse a
influéncia da TLBI associada ao TF nos parametros de capacidade funcional (forga
maxima, VO2nayx, distancia percorrida e tempo de permanéncia em esteira) em ratos
com IC. Apresentamos aqui a hipétese de que o TF associado a TLBI aumenta os
parametros de capacidade funcional em ratos com IC induzida por IAM quando
comparado ao TF isolado.

Nesta tese foram desenvolvidos quatro artigos. O primeiro artigo se intitula
‘Low-level Laser Therapy Enhances the Skeletal Muscle Strength Gain Promoted by
Resistance Training in Rats with Heart Failure after Large Myocardial Infarction”. Os
resultados inéditos desse estudo demonstram que a TLBI (aplicada na musculatura
esquelética) associada ao TF aumenta o ganho de forca maxima comparada ao TF
isolado em ratos com IC e grande area de infarto. Paralelamente a esse trabalho,
nosso laboratério adquiriu uma esteira para pequenos animais equipada com uma
caixa metabdlica com analises de trocas gasosas (AVS Projetos, Sao Carlos, SP,
Brasil). Dois trabalhos iniciais de que participei como colaborador foram realizados
por nosso grupo de pesquisa e evidenciaram que a fototerapia aplicada na
musculatura esquelética aumenta o VO,nx € a tolerancia ao exercicio em ratos
saudaveis (PERINI et al., 2015, aceito para publicagdo) e com IC (CAPALONGA et
al., 2015, submetido). Os resultados inéditos desse primeiro artigo e dos dois

trabalhos anteriormente descritos, bem como o fato de os mecanismos de acao



propostos na TLBI incluirem a modulagdo do metabolismo energético e 0 aumento
da capacidade oxidativa de células musculares (FERRARESI et al., 2012) nos
instigaram a observar os efeitos da TLBI associada ao TF no VO2nax € na tolerancia
ao exercicio em ratos com IC.

Dessa forma, o segundo artigo elaborado para esta tese se intitula “Maximal
oxygen uptake and exercise tolerance are improved in rats with heart failure
subjected to low-level laser therapy associated with resistance training”. Os
resultados inéditos desse estudo demonstram que a TLBI associada ao TF aumenta
0 VO2max € a tolerancia ao exercicio (distancia percorrida e tempo de permanéncia
em esteira) comparada ao TF isolado em ratos com IC apd6s indugdo do IAM.
Entretanto, durante a realizagao desse estudo, concluiu-se que é essencial definir se
os ratos submetidos a cirurgia de indugao do IAM desenvolveram ou n&o a sindrome
da IC. Especialmente neste caso, €& essencial definir se o IAM causara
primariamente uma redugdo do VOynax € da tolerdncia ao exercicio para, assim,
testar novas terapias com potencial de melhorar essas variaveis de capacidade
funcional. Em nosso conhecimento, nenhum estudo avaliou o consumo de oxigénio
e a producado de CO;, (VO, e VCO,) bem como a tolerancia ao exercicio em ratos
submetidos a cirurgia de indugao do IAM classificados segundo o tamanho da area
de infarto. Dessa forma, fez-se necessaria a realizagdo de um trabalho que
objetivasse avaliar o VO, e 0 VCO; e a tolerancia ao exercicio em ratos submetidos
a cirurgia de IAM e classificados segundo a area de infarto do miocardio.

Assim, o terceiro artigo elaborado para esta tese se intitula “Functional capacity
in a rat model of heart failure: impact of myocardial infarction size”. Nesse estudo,
propusemos uma abordagem integrada da avaliagdo do tamanho da area de infarto
do miocardio, da fung&o ventricular (invasiva e ndo invasiva), do VO, do VCO; e da
tolerancia ao exercicio em ratos controle (sham), ratos com pequenos tamanhos de
IAM (<40%) e ratos com grandes tamanhos de IAM (>40%). Os resultados inéditos
desse trabalho sugerem que o VOynax € a tolerédncia ao exercicio (tempo de
permanéncia em esteira até exaustdo) estdo prejudicadas apenas em ratos com
grandes tamanhos de IAM. Interessantemente, observamos na construgdo desse
estudo dois pontos principais em estudos que avaliam a capacidade funcional
(VO2max € toleréncia ao exercicio) em ratos submetidos a cirurgia de IAM: 1)
apresentam uma grande variedade de metodologias/protocolos; 2) apresentam

resultados discrepantes. Assim, a conclusdo de que o modelo animal (ratos) de IC



induzida por IAM é capaz de reduzir a capacidade funcional quando comparada a
ratos controle é dificultada. Ao nosso conhecimento, até o momento ndo existem
revisbes sistematicas na literatura sobre o impacto desse modelo animal nas
variaveis de capacidade funcional.

Dessa forma, o quarto artigo elaborado para esta tese se intitula “/mpact of a
rat model of heart failure on functional capacity: A systematic review and meta-
analysis”. Os resultados dessa revisdo sistematica mostram que o modelo animal
(ratos) de IC induzida por IAM reduz o VOnax, 0 tempo de permanéncia em esteira
até a exaustdo e a distancia percorrida quando comparado a ratos controle, apesar
de: 1) grande variedade de espécies, sexo e idade dos animais incluidos; 2) diversas
areas de IAM; 3) diferentes periodos de avaliagdo apdés a indugao do IAM; 4)
diferentes caracteristicas dos protocolos utilizados; 5) falhas metodoldgicas
(auséncia de cegamento e calculo amostral/poder do estudo; 6) alta
heterogeneidade observada na meta-analise.

Apesar de estar a cronologia de elaboracdo dos artigos descrita acima,
optamos por apresenta-los de forma que seja possivel construir um conhecimento
sobre o tema proposto nesta tese. Assim, primeiramente, apresentamos o artigo
“Impact of a rat model of heart failure on functional capacity: A systematic review and
meta-analysis”. Em seguida, o artigo “Functional capacity in a rat model of heart
failure: impact of myocardial infarction size”. Os resultados inéditos desses trabalhos
sugerem que o modelo animal (ratos) de IC induzida por IAM, em especial animais
com grandes areas de IAM, causa intolerancia ao exercicio e, em ultimo plano, € um
bom modelo animal para testar novas terapias com potencial biolégico de alterar
variaveis de capacidade funcional na IC. Assim, apresentamos o artigo “Maximal
oxygen uptake and exercise tolerance are improved in rats with heart failure
subjected to low-level laser therapy associated with resistance training” e, por fim, o
artigo “Low-level Laser Therapy Enhances the Skeletal Muscle Strength Gain
Promoted by Resistance Training in Rats with Heart Failure after Large Myocardial
Infarction”.

Por fim, posso comentar que os processos de realizagdo do doutorado e dos
artigos que compdem essa tese exigiram-me a aquisicdo de novas habilidades
pratico/experimentais e tedricas, além das adquiridas durante o mestrado. Além dos
procedimentos realizados ha bastante tempo no nosso laboratério (ex: indugdo do

IAM através da ligadura da artéria coronaria descendente esquerda em ratos e
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avaliacdo invasiva da fungdo cardiaca), nosso laboratério adquiriu duas novas
ferramentas de avaliagdo que exigiram-me aprendizado e treinamento para sua
correta execucdo. Juntamente com o Prof. Marlus Karsten e a colega Julia Perini
implementamos em nosso laboratério as avaliagdes de VO, e VCO, e de tolerancia
ao exercicio em ratos e, juntamente com o colega Lucas Capalonga, a avaliagéo
nao-invasiva da fungdo cardiaca por ecocardiografia. Em especial, essa ultima
técnica exigiu muito estudo sobre sua estrutura conceitual e muitas horas de pratica
para sua correta execucao e exposi¢ao dos resultados. Além disso, pude participar
intensamente da co-orientagdo da aluna de iniciagao cientifica Julia Perini (PERINI
et al., 2015, aceito para publicagdo) e como colaborador dos mestrados de Micheli
Biasibetti (BIASIBETTI et al., 2014), Douglas Rossato (ROSSATO et al., 2015),
Jéssica Lima (LIMA et al., 2015) e Lucas Capalonga (CAPALONGA et al., 2015,
submetido) realizados no laboratorio.

Os coautores dos manuscritos apresentados nesta tese participaram das
diferentes etapas dos estudos: elaboracao do planejamento experimental, realizagao
de experimentos, analise de resultados e/ou elaboracdo do corpo do manuscrito. As

versdes finais dos artigos foram aprovadas por todos os coautores.
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3 OBJETIVOS

3.1 Objetivo geral:

Avaliar a influéncia da terapia laser de baixa intensidade (TLBI) associada ao
treinamento de forga (TF) nos parametros de capacidade funcional em ratos com

insuficiéncia cardiaca (IC) induzida por infarto agudo do miocardio (IAM).

3.2 Objetivos especificos:

- revisar sistematicamente o impacto do modelo animal (ratos) de IAM no
VO2max, Na distancia percorrida e no tempo de permanéncia em esteira;

- avaliar o VO, e 0 VCO; e a tolerancia ao exercicio em ratos submetidos a
cirurgia de |IAM e classificados segundo a area de infarto do miocardio;

- avaliar a influéncia da TLBI associada ao TF no VOzmnax, ha distancia
percorrida e no tempo de permanéncia em esteira em ratos com IC induzida por
IAM;

- avaliar a influéncia da TLBI associada ao TF no ganho de forga maxima em

ratos com IC induzida por IAM.
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ABSTRACT

Studies that have evaluated functional capacity in myocardial infarction (Ml) rats
demonstrate a wide range of methodologies and discrepant results, making it
difficult to conclude whether the rat model of heart failure (HF) following MI can
actually induce a reduction in functional capacity relative to controls. There are
no literature reviews on the repercussions of the rat model of HF following Ml on
functional capacity, aside from a methodological quality assessment. The aim of
the present report was to evaluate the impact of a rat model of HF after Ml
following left coronary artery (LCA) ligation in maximal oxygen uptake (VO2zmax),
run time to fatigue and distance to run. As a secondary aim, we assessed the
methodological quality of the studies. Thirty-one controlled studies were
identified in MEDLINE (Pubmed), Web of Science and Scielo (Scientific
Electronic Library Online). A meta-analysis showed that the rat model of HF
after Ml following LCA ligation reduced VOzmay (-13.58 ml- kg'-min™'; 95% ClI, -
16.96 to -10.20; p < 0.00001; 1%:92%), run time to fatigue (-9.60 minutes; 95%
Cl, -11.02 to -8.17; p < 0.00001; 1%:24%) and distance run (-122.53 meters; 95%
Cl, -200.80 to -44.25; p < 0.002; 1>:86%) relative to control rats. These studies
exemplify methodological limitations such as the absence of blinding and
sample size estimation/power calculations. Rat models of HF after Ml following
LCA ligation are systematically associated with VOznax, run time to fatigue and
distance run reduction compared with controls. Methodological improvements in
protocols for functional capacity assessment in this widely used animal model of

HF are necessary.



Keywords: Myocardial infarction. Rats. Maximal oxygen uptake. Run time to

fatigue. Distance run.
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Introduction

Reduction of functional capacity is an important feature of heart failure
(HF) and it is used as a parameter for the severity of the disease [1].
Cardiopulmonary exercise testing is the gold standard method for the
assessment of functional ability in HF. Oxygen uptake (VO,) rises during
incremental exercise and peak VO, (VOzpeak) represents the highest rate of
oxygen uptake achieved [2,3]. This measurement is used as a good short-term
predictor of mortality in HF patients [4].

Animal models of HF are essential to the understanding of the
fundamental aspects of HF pathophysiology and to the development of novel
preventive and reparative therapies for this prevalent and fatal disease [5-7].
Particularly, myocardial infarction (MI) in rodents is the animal model most
frequently used to experimentally reproduce human HF [8]. MI following
coronary artery ligation in rats is an extensively used animal model in
pathophysiological [9-12] and therapeutic studies of HF [13-16], with
advantages and disadvantages including high variability in the resulting size of
the MI, cardiac remodelling and left ventricular dysfunction [8,5,17,18].

Our research group and others have noted that not all postinfarction rats
develop features of HF and some only present moderate HF [11,17,19,20]. This
classification is based on different variables, such as the presence of pleural
effusion [20], a combination of clinical and pathologic HF features and some
newly proposed factors, such as echocardiography classification [17], lung

congestion and right ventricular hypertrophy [21], infarcted size [11] and (in
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particular) left ventricular end-diastolic pressure after hemodynamic evaluation
[19,22], with little or no classification based on functional capacity parameters.

Therefore, in animal studies on HF treatment, it is essential to define
whether Ml rats present HF or not in order to accurately assess the effects of
treatments [17]. Exercise intolerance is the cardinal clinical manifestation of HF
[23] and, in this context, it is important to determine the functional capacity
repercussions of the rat model of HF following MI essentially for two aims: to
characterize HF syndrome in general and to test novel therapies that could
potentially modify the variables of functional capacity in particular.

The general observations of studies that have evaluated the functional
capacity parameters (VOzmax, run time to fatigue and distance run) in
postinfarction rats demonstrate a wide range of methodologies and discrepant
results, making it difficult to conclude whether the rat model of HF following MI
can actually induce a reduction in functional capacity relative to controls.
Despite its importance, to our knowledge, there are no literature reviews
concerning the repercussions of the rat model of HF following MI on functional
capacity variables, aside from the pitfalls of their evaluation.

Additionally, despite the importance of (animal) preclinical studies [24],
several systematic reviews of animal studies have identified the low
methodological quality of the primary studies include in this review [25-27]. An
important review provides evidence that many peer-reviewed animal research
publications fail to report important information regarding experimental and
statistical methods [28]. Up to now, a methodological quality assessment of
studies on the repercussions of the rat model of HF following MI on functional

capacity variables has not been conducted.
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Therefore, the aim of the present report was to evaluate the impact of a rat
model of HF after MI following left coronary artery ligation on functional capacity
(VO2max, run time to fatigue and distance to run). As a secondary aim, we
assessed the methodological quality of the studies on the repercussions of the
rat model of HF after Ml following left coronary artery ligation on functional

capacity outcomes.

Methods

Criteria for considering studies for this review.

Types of studies
Controlled studies that evaluated the impact of a rat model of HF after Ml

in functional capacity variables were included in the review.

Types of participants
Laboratory rats of any strain, sex, weight or age were included. Studies
performed in human patients or in laboratory animals other than rats (e.g. mice),

were excluded.

Types of interventions

HF models induced by MI following coronary artery ligation were included.
Other animal models of HF, such as ascending aortic constriction,
ischemia/reperfusion, left ventricle radio-frequency ablation, cryo-injury, toxic
models, Dahl salt-sensitive rats and spontaneously hypertensive heart failure-

prone rats [8,5-7] were not included.
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Types of outcome measures

The primary outcome was functional capacity assessment measured by
maximal oxygen uptake (VOzmax; mi/kg/min or mi-kg™'-min™"). The secondary
outcome was functional capacity assessment measured by run time to fatigue

(run time; seconds or minutes) and distance run (distance; meters).

Search methods for identification of studies.

Data sources

A literature search for original research papers evaluating the impact of
animal models of HF after M| on functional capacity in rats was performed by
searching the bibliographic databases MEDLINE (Pubmed), Web of Science
and Scielo (Scientific Electronic Library Online), reference lists of articles and

private databases and carried out by two independent reviewers (V.H and L.C.).

Period and Language

No publication date or language restrictions were imposed.

Search terms

We developed a literature search strategy (search terms) based on
population (“rats”), intervention (“myocardial infarction”) and outcomes
(“exercise tolerance"; “oxygen consumption”), as follows: MEDLINE (Pubmed):

((("Rats"[Mesh] OR "Rats" OR “Rat” OR “Rattus” OR “Rattus norvegicus” OR

‘Rats, Laboratory” OR “Rats, Norway” OR “Laboratory Rat” OR “Laboratory
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Rats” OR “Rat, Laboratory” OR “Rats, Sprague-Dawley” OR “Rats, Wistar”))
AND ("Myocardial Infarction" [Mesh] OR "Myocardial Infarction" OR “Infarction,
Myocardial” OR “Infarctions, Myocardial” OR “Myocardial Infarctions” OR
“Myocardial Infarct” OR “Infarct, Myocardial” OR “Infarcts, Myocardial” OR
“Myocardial Infarcts”)) AND ("Exercise Tolerance"[Mesh] OR "Exercise
Tolerance" OR “Tolerance, Exercise "OR "Exercise Test" [Mesh] OR "Exercise
Test" OR “Exercise Tests” OR “Test, Exercise” OR “Tests, Exercise” OR
“Bicycle Ergometry Test” OR “Bicycle Ergometry Tests” OR “Ergometry Test,
Bicycle” OR “Ergometry Tests, Bicycle” OR “Test, Bicycle Ergometry” OR
“Tests, Bicycle Ergometry” OR “Treadmill Test” OR “Test, Treadmill” OR “Tests,
Treadmill” OR “Treadmill Tests” OR “Step Test” OR “Step Tests” OR “Test,
Step” OR “Tests, Step” OR “Stress Test” OR “Arm Ergometry Test” OR “Arm
Ergometry Tests’OR “Ergometry Test, Arm” OR “Ergometry Tests, Arm” OR
“Test, Arm Ergometry” OR “Tests, Arm Ergometry” OR

“Cardiopulmonary Exercise Test” OR “Cardiopulmonary Exercise Tests” OR
“Exercise Test, Cardiopulmonary” OR “Exercise Tests, Cardiopulmonary” OR
“Test, Cardiopulmonary Exercise” OR “Tests, Cardiopulmonary Exercise” OR
"Oxygen Consumption"[Mesh] OR "Oxygen Consumption" OR “Consumption,
Oxygen” OR “Consumptions, Oxygen” OR “Oxygen Consumptions”). Web of
Science: ("myocardial infarction" and "exercise tolerance" or "maximal oxygen
consumption"), refined by “rats” and only articles types. Scielo: (rat) AND
(myocardial infarction) AND (exercise test) OR (exercise tolerance) OR
(maximal oxygen consumption). Date of bibliographic database search: 19

September, 2014.
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Data collection and analysis

Study selection

After excluding duplicate and triplicate references, two independent
reviewers (V.H and L.C.) evaluated the titles and abstracts of the identified
references on the basis of inclusion and exclusion criteria. Clearly irrelevant
references were excluded and all titles/abstracts that did not provide enough
information about the inclusion and exclusion criteria were selected for review of
the full text. In the second phase, the reviewers evaluated the full text and then
selected references on the basis of the same inclusion and exclusion criteria.
Any disagreements that arose during the study selection phase were settled by

a third reviewer (J.P.).

Data collection process

The same two independent reviewers (V.H and L.C.) extracted data (see
“Data items”) from each included study using a previously developed and tested
data extraction sheet. Any disagreements that arose during the data collection
process were settled by a third reviewer (J.P.). We also contacted authors of
included studies for information that had not been reported or was reported
unclearly. If the authors did not respond within two weeks, the information was
considered “not reported”. When necessary, data were extracted from published
graphs and recorded using graph digitizing software when data were only

present graphically in the included study (see “Summary measures”).

Data items
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The items extracted from each included study were the following:
reference information (authors, date, journal name, corresponding author name
with contact information and affiliation); animal characteristics (strain, sex, age/
weight) and experimental groups with sample size; intervention/animal model of
HF characteristics (type and technical characteristics of myocardial infarction
induction and control group type) and Ml size; methodology/functional capacity
assessment characteristics (technical apparatus, protocol description,
exhaustion criteria, air flow parameter, days after animal model induction,
presence/absence and description of animal protocol adaptation,
presence/absence and types of adverse effects); outcomes/functional capacity
assessed variables (primary and secondary outcomes); results and values with

units if available and study conclusion (P value between MI and control groups).

Risk of bias in individual studies

To assess the risk of bias in individual studies, we performed a quality
assessment of the included studies. Four key areas were selected on the basis
of a well-described survey of the literature on the quality of animal studies [29]:
ethics, study design (allocation to groups/randomization and blinding),
experimental animals (species, sex, age and group size) and sample size
estimation/power calculations. Note that randomization, blinding and group size

items were referred to as functional capacity assessment methodology.

Summary measures
Summary measures were the overall effect size of the HF animal model

induced by MI following coronary artery ligation on functional capacity,
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calculated as the change in the intervention group compared with the outcomes
(primary outcome: maximal oxygen uptake; secondary outcome: run time and
distance run) in the control group at maximal follow-up. To calculate this, we
extracted for each group the mean and standard deviation (SD) of functional
capacity variables evaluated and group size. If a SD was not reported directly, it
was calculated by multiplying the reported standard error (SE) with the square
root of the group size. If the numbers necessary for the calculation of summary
effect measures were not adequately reported in the main text, data points were
estimated by extraction from published graphs and recorded using graph

digitizing software (GetData Graph Digitizer 2.24; S. Fedorov; http://getdata-

graph-digitizer.com). All data values were extracted and converted, if

necessary, to ml-kg”-min™" (maximal oxygen uptake), minutes (run time) and
meters (distance run). The latter method was adapted from other well-designed

systematic reviews of animal studies [30,31].

Synthesis of results

The meta-analyzed of the overall effect size (primary outcome: maximal
oxygen uptake; secondary outcome: run time and distance run) was calculated
using the random-effects model [32,31]. The random-effects model assumes
that there is no common treatment effect for all included studies but rather that
the variation of the effects across studies follows a particular distribution [33,32].
In a random effects model it is believed that the included studies represent a
random sample from a larger population of studies addressing the question of
interest [34,32]. For random-effects analyses we use the DerSimonian and

Laird approach [34,32,31]. Statistical heterogeneity was investigated using the
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inconsistency measure (I2) [30,31,35,36]. Data was considered to be
heterogeneous when the |? statistic was >50% [36]. When high heterogeneity
was identified, we performed a subgroup analysis involving sex, strain and

myocardial infarction size (see “Additional analysis” item).

Statistical analysis

Values were expressed as percentages and descriptive statistics (mean
and standard deviation; median and maximal/minimum) were calculated.
Review Manager (RevMan. Version 5.3.0. Copenhagen: The Nordic Cochrane
Centre, The Cochrane Collaboration) for Windows was used as a computational
tool in the data analysis. GraphPad Prism 5 (Graph-Pad Software, San Diego,
CA, USA) for Windows was used for complementary analysis and to construct

charts. A P value <0.05 was considered statistically significant.

Ad(ditional analysis
Because the strain and sex of animals as well as M| area can interfere
with functional capacity values, we performed a specific subgroup analysis

involving these components.
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Results

Study selection

Figure 1 shows the flowchart of search methods for the identification and
selection of studies. A total of 377 possible references were identified (Pubmed:
226; Web of Science: 128; Scielo 15 and hand searching: 8). Eight duplicate
studies and 313 references after title/abstract evaluation were excluded. Fifty-
six remaining references were assessed in full text. Of these, a total of 25
references were excluded for various reasons (surgical reintervention (3),
absence of a control group (7), other HF models (1), non-normal animals (1),
incompatible outcome (7), outcome assessed in animals other than rats (1),
outcome assessed in instrumented animals (4) and outcome assessed only
before Ml induction (1)). In the end, 31 controlled studies using HF rat models
induced by MI following coronary artery ligation that assessed functional
capacity (VO2zmax and/or run time to fatigue and/or distance run) were included in

this review.

Study characteristics
A characterization of the included studies related to the impact of the
animal model of HF after MI on functional capacity in rats is presented in detail

in Table 1.

Animals
The included studies involved 593 animals distributed among three

different rat strains: Wistar (23/31 studies; ~74%), Sprague-Dawley (7/31
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studies; ~23%) and Fischer 344 (1/31 study; 3%). Male rats were predominately
used (20/31 studies; ~65%), range between 150-400 g and 4-12 weeks old.
Studies that evaluated VOmax included Wistar (15/21 studies; ~71%) and
Sprague-Dawley (6/21 studies; ~29%) male (12/21; ~57%) rats between 180
and 400 g. Studies that evaluated run time to fatigue included Wistar (9/11
studies; ~82%), Sprague-Dawley (1/11 studies; ~9%) and Fischer 344 (1/11;
~9%) male (7/11; ~64%) rats between 150 and 400 g. Studies that evaluated
distance run included Wistar (6/6 studies; ~100%) male (6/6; ~100%) rats
between 150 and 300 g. The group size of all studies for the control group was
mean £ SD = 9.5 + 2.8 (median [min; max] = 9.0 [6; 17]) and for the intervention
group was mean + SD= 10.3 + 4.2 (median [min; max] = 9.0 [5; 25]). Of studies
that evaluated maximal oxygen uptake, the groups size for the control group
was mean £ SD = 9.2 £ 2.9 (median [min; max] = 9.0 [6; 17]) and for the
intervention group was mean £ SD= 10.3 + 4.8 (median [min; max] = 9.0 [5;
25]). Of studies that evaluated run time to fatigue the groups size for the control
group was mean + SD= 9.1 + 2.5 (median [min; max] = 8.0 [7; 14]) and for the
intervention group was mean + SD= 9.6 + 3.4 (median [min; max] = 10.0 [5;
16]). Of studies that evaluated distance run the groups size for the control group
was mean = SD = 10.0 £ 2.3 (median [min; max] = 10.5 [6; 12]) and for the
intervention group was (mean + SD= 10.3 % 3.1; median [min; max] = 11.5 [6;

14]).

Intervention (Animal model of Heart Failure)
All included studies used the animal model of HF after Ml following left

coronary artery (anterior descending coronary artery/left main coronary artery)
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ligation. Regarding control groups, sham rats underwent the same procedures
as those in MI groups except that myocardial ischemia was not induced when
rats were used as controls in 29 studies (29/31; ~94%). Two other studies
(2/31; ~6%) used normal rats as controls, without well-described methodology.
Some studies (21/31; ~68%) assessed myocardial infarction area (Ml
area, % of total left ventricular area). Of these, 9 (9/21; ~43%) used histology, 9
(9/21~43%) employed echocardiography and 3 (3/21; ~14%) did not report the
methodology used for Ml area evaluation. There was a wide range of Ml area
(%) measured in all included studies: mean + SD = 36.8 + 6.7; median [min;
max] = 38.7 [26; 50]; for studies that evaluated maximal oxygen uptake (n =17
studies), mean £ SD = 37.1 £ 5.7; median [min; max] = 38.7 [27; 46]; for studies
that evaluated run time to fatigue (n = 4 studies), mean + SD=42.9 £ 5.3;
median [min; max] = 41.5 [38.7; 50]; for studies that evaluated distance run (n =

4 studies), mean £ SD = 28.2 £ 2.1; median [min; max] = 27.9 [26; 31].

Methodology (functional capacity assessment)

For the assessment of VO,nax, the main apparatus involved was a
metabolic chamber coupled to a gas analyser and the test was performed in a
rodent treadmill. Additionally, two studies assessed maximal oxygen
consumption using a metabolic mask coupled to a gas analyser and two studies
showed swimming VOzmax assessment (measured while the rats swam with 4%
of their body weight attached to the base of their tails). For run time to fatigue
and distance run, all studies used a rodent treadmill.

We identified a wide range of protocols to assess functional capacity (e.g.

constant workload treadmill, incremental workload treadmill and swimming),
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including different criteria for exhaustion. For VOzmax assessment (n = 21
studies), we identified 12 different protocols; for run time to fatigue assessment
(n =11 studies), we identified 6 different protocols and for distance run
assessment (n = 6 studies), we identified 6 different protocols. Table 1
summarizes the protocol characteristics for the assessment of functional
capacity in rat models of HF after MI.

Additionally, we observed a large variance and a poor description of
animal adaptation protocols, including pre- or postsurgical adaptation and
different durations, days and velocities. See more details of animal adaptation in
Table 1. Interestingly, none of the studies reported any adverse effects on
functional capacity.

We observed a great variance in time-point evaluation (days after Ml
induction) in functional capacity variables: all outcome variables (n = 31
studies): mean £ SD= 74.7 + 30.3; median [min; max] = 84.0 [20; 140]; for
maximal oxygen uptake variable (n = 21 studies): mean + SD = 76.3 + 27 .4,
median [min; max] = 84.0 [20.0; 126.0]; for the run time to fatigue variable (n =
11studies): mean £ SD = 68.0 £ 36.8; median [min; max] = 70.0 [20; 140]; for
distance run (n = 6 studies): mean + SD= 79.3 + 27.5; median [min; max] = 84.0
[28;112].

Additional information (e.g. calibration) was poorly or incompletely
described in most of the selected studies. Calibration of the gas analyser (e.g.
on every test day or before each test) was reported in only 6 studies [37-42]
(6/21; ~29% studies that assessed maximal oxygen consumption) and used
primarily a reference gas mixture (primary gas standards). Only 7 studies (7/31;

~23% of total studies) demonstrated a concern related to the time of day at
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which functional capacity assessment was performed, for example, “all rats
were subjected to the same experimental conditions of time and environment
and the exercise test was done in the late afternoon” [43]; “all animals ran
between 8:00 a.m. and 11:00 a.m.” [22]; “all exercise tests were initiated
between 9 and 10 AM” [19,38,44,45]; “the tests were performed at the same
time each day” [37].

Regarding VOzpeak/VO2max assessment method, few methods were
described and many methods were unclear. Methods for VO zpeak/VO2max
assessment included the following: “the VO2 reached at the highest workload
during the treadmill test as peak VO,” [39]; “the highest VO,nax measured at
each workload was taken as a measure of each rat’s running economy
(VOasubmax) for that workload and, at the last step, as VOanax" [37,38]; “VO2peak
was defined as the highest VO, achieved before exhaustion” [46,47].
Additionally, only two studies related a sampling rate in oxygen consumption
analyses: “oxygen fraction in effluent air was registered every second” [39] and
“every 2 min of the protocol, oxygen consumption was measured” [48].

Regarding food and water intake before functional capacity assessment,
there was little attention and discrepant methodologies, as rats were allowed
food ad libitum before the test to maintain normal glycogen stores [22] and all
rats were restricted from food for 12 h before the exercise test [44].

Similarly, there was little attention given to and information about
reproducibility of the functional capacity test, especially in VO, assessment. For
Musch, T.l. et. al. (1986) [41], Musch, T.I. et. al. (1988) [40] Musch, T.I. et. al.
(1989) [42] VO2max Was determined at least twice in each rat to ensure

reproducibility, with each maximal test separated by a minimum of 24 h or 72 h
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of recovery, respectively. One other study described repeating the same
protocol of functional assessment (VO2max and total exercise time) after a 7-day
interval in eight control animals to assure protocol reproducibility and reported a
protocol reproducibility of r = 0.82 [48]. Interestingly, two studies reported a
methodological approach related to reproducibility [45,19].

Regarding animal acclimatization and basal values prior to VO, analysis,
some methodological approaches were described: during measurement of VO,
baseline (rest) values were recorded for 200 s [49]; the experimental animals
only started the exercise test when the levels of resting VO, were near 30 £ 5
ml- kg1-min'1 [50]; rats were allowed a 5-min period of acclimation in the
treadmill and gas-analysis system before the protocol began [37,38] and each
rat was given a 20 min rest period before the protocol began [39].

Observer blinding (blinded to rat identities or to surgery group - sham or

MI) was described in only eight studies (8/31; ~26%) [19,38,40,44,45,51,52].

Outcomes

Regarding the types of outcome measured, 14 (14/31; ~45%) studies used
VOzmax, 7 studies used run time to fatigue (7/31; ~24%), 3 studies used distance
run (3/31; ~10%) and 7 studies used association (7/31; ~24%; 4 studies -
maximal oxygen consumption plus run time to fatigue and 3 studies - maximal
oxygen consumption plus distance run) as variables of functional capacity in the

animal model of HF after Ml following left coronary artery ligation.

Risk of bias within studies
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Figure 1 shows a quality assessment of the included studies. Ethical
oversight and approval via institutional review was reported in 81% (25/31) of
studies. Randomization was reported in 61% (19/31) of included studies. Only
26% (8/31) described blinding in functional capacity methodological
assessment. Strain and sex of the animals were reported in 100% (31/31) and
97% (30/31) of studies, respectively. Age of the animals was reported in 52%
(16/31) of studies. Group size was described in 97% (30/31) of studies. No
studies reported sample size estimation/power calculations (power or sample

size analysis).

Results of individual studies

Table 2 shows the values of functional capacity variables (VOzmax, run time
to fatigue and distance run) from select studies comparing the MI group with the
control group.

The overall effect of Ml induction on functional capacity variables (VOzmax,
run time to fatigue and distance run) versus control groups is shown in forest
plots (Figure 3, 4 and 5, respectively). It is important to note that in some
studies, the MI group was subdivided into moderate and severe left ventricular
dysfunction and groups were assessed by a swimming protocol. We considered
in our meta-analyses only that data that were derived from the severe left
ventricular dysfunction groups. Swimming VO, assessment (measured while
the rats swam with 4% of their body weight attached to the base of their tails)
represented ~60-80% of those values obtained by treadmill VO, assessment

[53,54] and these data were not considered in our review.
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Synthesis of results

None of the included studies showed 100% adequacy in all qualitative
analysis categories. Ethics, strain, sex and group size were described in most of
the included studies. Age and randomization of the animals were described in
~50-60% of studies. Only ~25% of studies described blinding in functional
capacity methodological assessment. No studies reported sample size
estimation/power calculations (power or sample size analysis).

The values of maximal oxygen consumption (ml- kg'-min™") in the included
studies in control and MI groups were, respectively, mean + SD = 68.2 + 19.5;
median [min; max] = 66.0 [42.0; 109.0] and mean + SD = 53.8 + 16.9; median
[min; max] = 52.1 [23.1; 81.0]. The values of run time to fatigue (minutes) in the
included studies in control and MI groups were, respectively, mean £ SD = 31.7
* 11.6; median [min; max] = 25.2 [17.9; §5.4] and mean + SD= 20.6 + 9.6;
median [min; max] = 19.8 [3.3; 34.3]. The values of distance run (meters) in the
included studies in control and MI groups were, respectively, mean £ SD =
597.8 £ 403.3; median [min; max] = 382.8 [339.6; 1339]; and mean + SD=
270.3 £ 50.8; median [min; max] = 276.9 [177.6; 320.3].

Regarding summary results (statistical significance), 18 studies that
assessed maximal oxygen consumption (18/21; ~86%), 10 that assessed run
time to fatigue (10/11; ~91%) and 4 that assessed distance run (4/6; ~66%)
showed significant differences (p < 0.05) between control and MI groups.

In the meta-analysis, the animal model of HF after Ml following left
coronary artery ligation was associated with significant reductions in VOznmax (Ml-
kg"-min™) of 13.58 (95% ClI, -16.96 to -10.20; p < 0.00001; I, 92%; P for

heterogeneity <0.00001) (Figure 3), in time run to fatigue (minutes) of 9.60
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(95% Cl, -11.02 to -8.17; p < 0.00001; I, 24%; P for heterogeneity = 0.22)
(Figure 4) and in distance run (meters) of -122.53 (95% ClI, -200.80 to -44.25;
P<0.002; 12, 86%; P for heterogeneity <0.00001) compared with controls (Figure

5).

Additional analysis

A meta-analysis of VOzmax and distance run showed a high degree of
heterogeneity (1> = 92% and 86%, respectively). Thus, we performed a
subgroup analysis of VO;max Outcome involving sex (only studies that used male
rats were selected because they were predominant), strain (only studies that
used Wistar rats were selected because they were predominant) and
myocardial infarction size (studies with Ml size >40% and <40% were selected).
Subgroup analysis of VOzmax of male rats did not reduce heterogeneity (1* =
94%; p < 0.00001). Similarly, subgroup analysis of the Wistar strain did not
reduce heterogeneity (1> = 91%; p < 0.00001). Subgroup analysis of VOzmax
outcome involving Ml size did not reduce heterogeneity 12 = 95% (p < 0.00001)
(only studies with Ml size >40% were selected) and |12 = 88% (p < 0.00001)
(only studies with Ml size <40% were selected).

Subgroup analysis of distance run outcome involving strain, sex and Ml
size were not feasible because all include studies used male Wistar rats with a
MI size above 40%. Visually in the forest plot, two studies were outliers [52,55]
and were excluded, resulting in a reduction in heterogeneity (I = 66%; p =

0.03), with no significant alteration in the overall effect (p < 0.001).

Discussion
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This systematic review (31 included studies) and meta-analysis provided,
for the first time, important conclusions about the impact of animal models of HF
on functional capacity: a rat model of HF after Ml following left coronary artery
ligation reduced maximal oxygen uptake (-13.58 ml- kg'-min™"; 95% ClI, -16.96
to -10.20; p < 0.00001), run time to fatigue (-9.60 minutes; 95% CI, -11.02 to -
8.17; p <0.00001) and distance run (-122.53 meters; 95% ClI, -200.80 to -
44.25; p < 0.002) relative to control rats (predominantly sham surgery), despite
1) a wide range of animal characteristics (strains, sex and weight/age), 2)
several Ml sizes, 3) various time-points (days after myocardial infarction
induction) of assessment, 4) different functional capacity protocol
characteristics, 5) methodological flaws (absence of blinding and sample size
estimation/power calculations) and 6) high heterogeneity.

In meta-analyses, we observed a high heterogeneity (12 > 50%) in VO2max
(1= 92%; p < 0.00001) and distance run (1> = 86%; p < 0.00001). Contrarily, run
time to fatigue showed a low heterogeneity (1> = 24%; p = 0.22). The strain and
sex of animals [56,57] as well left ventricular dysfunction (Ml size) [19]
interfered with functional capacity values. A subgroup analysis involving age,
sex and MI size did not reduce the heterogeneity in VOzmax Or distance run
outcomes.

For scientific, ethical and economic reasons, experiments involving
animals should be appropriately designed, correctly analysed and transparently
reported [28]. Our study shows that, with exception of blinding and sample size
estimation/power calculations, most of the studies reported ethics,
randomization, strain, sex of the animals and group size. Two well-designed

surveys assessed the quality of animal studies [29,28]. Our results concerning
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the percentage of the quality-assessed items (ethics, strain, age, sex and group
size) in the included studies are similar [29]. Additionally, our study reports that
only ~26% of the studies reported blinding and the results are also similar
(~20%) [29]. Of note in our study, randomization was described in ~61% of the
included studies. This percentage was higher than that reported by other
studies (10% and 20%) evaluating the methodological quality of animal
research [29,28]. Sample size and power calculations are not described in our
included studies, similar to the observations of others [29,28]. One important
issue with animal studies is the widespread lack of transparent, quality reporting
of study design and implementation [29]. Appropriate and efficient experimental
design is a critical component of high-quality science [28]. We believe that the
four key areas analysed using the quality assessment tools in this study include
the assessment of the major types of bias that are known to influence the
results of research (selection, performance, detection, and exclusion) [58].

Reproducibility is an important characteristic of diagnostic tools and is
extremely important when investigators carry out sequential analyses over a
time course in the same animals. In functional capacity assessment of Ml rats,
only few studies reported statistical analysis or tests of reproducibility
[40,19,41,42,45,48]. Thus, the reproducibility of functional capacity assessment
in the rat model of HF after Ml is unknown. In normal rats, a classic study has
developed a valid and reproducible protocol for measuring maximal oxygen
uptake [57].

In this way, some studies have assessed the changes in functional
capacity over time (sequential analyses) [50,52,59-63], with discrepant results.

Thus, the time course of development and progression of functional capacity
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deterioration in the rat model of HF has not been precisely determined. This
follow-up design is very important to determine the initial time of development
and the progression of functional capacity deterioration in the rat model of HF,
especially, for example, to test the impact of potential therapies in this
syndrome. More studies are necessary and the knowledge of the reproducibility
of functional capacity assessment is essential in the context of changes in
functional capacity over time in the rat model of HF after MI.

In humans, VCO, (CO, production) and respiratory exchange ratio (RER;
VCO,/VO,) are well established during a cardiopulmonary test. In HF rats, the
studies that evaluated the VCO, and RER status during the maximal exercise
test post Ml induction are scarce and are limited to one study group [64,40].
VCO are reduced in Ml rats compared to sham rats and no significant
differences in RER during the maximal exercise test was detected between
groups [40]. One other study reported different values in Ml rats [64].
Additionally, other studies reported VCO2 and RER values in Ml rats assessed
during a submaximal swimming protocol [53,54] or in instrumented rats [42].
Two classical studies showed RER values in normal rats during different
protocols [65,57]. Thus, despite its importance, little is known about the
behaviour pattern of these variables (VCO, and RER) in the rat model of HF
after MI.

Although MI rats classified as small Ml/large Ml or moderate and severe
left ventricular dysfunction (based on left ventricular end diastolic pressure
(LVEDP) [19,22] and infarct size [44]) present different values of functional
variables (e.g. run time to fatigue) and different statistically significant effects

when compared with sham (control) rats, we identified few studies that
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correlated functional capacity variables (run time to fatigue and VOynax) with
hemodynamic variables (LVEDP) [19] and no studies revealed correlations with
infarct size.

In this way, transthoracic echocardiography (TTE) emerges as a frequently
employed and powerful noninvasive tool to serially assess different structural
and functional cardiac parameters [66,17,67]. Thus, TTE is utilized as a
noninvasive method to observe changes in cardiac function during the
progression of the disease [68-71,67] or during therapeutic interventions
[51,59,72,73] in different animal models of cardiovascular diseases.
Nevertheless, only one study correlated functional capacity variables (distance
run) with echocardiography variables [52]. We know that functional capacity
assessment is long and strenuous (one limitation of the functional capacity
assessment) and therefore, the identification of correlations with hemodynamic
variables (invasive), especially with echocardiography (a practiced, noninvasive
technique), can help to identify and extrapolate functional capacity alterations
and to characterize the animal model of HF. Additionally, little is known about
correlations between run time to fatigue, distance run and VOgzmax in a rat model
of HF induced by MI [19]. In healthy rats and other animal models, studies have
shown correlations between functional capacity variables [65,57] and equations
to predict VO, [74].

To our knowledge, there are no reference values for functional capacity
variables that allow the classification of Ml rats as HF+/HF- or as
moderate/severe HF. This classification is important, for example, to observe
the impact of novel therapies in different degrees of functional capacity

impairment. We identified studies in which the selection of infarction animals
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was based on a VOmax Of less than 70 ml- kg"-min™ [75-77], however, well-
defined criteria are necessary.

Classically, Ml in animals might be classified as large infarcts when the
infarcted area >40% and is associated with severe left ventricular dysfunction
[11]. In a subanalysis, our study showed that VOzmax (Ml kg'-min™") was mean +
SD =46.2 £ 17.3; median [min; max] = 49.1 [23.1; 73.7]; the overall difference
between M| and control rats was -18.14 (95% IC, -26.48, -9.80) in studies that
reported infarcted size/area >40% [47-50, 60, 78, 79]. In studies that reported
infarcted size/area <40% [37-42, 51, 53, 63] our study showed that VOzmax (ml-
kg'-min”') was mean + SD= 57.0+14.6; median [min; max] = 52.0 [39.9;81.0];
the overall difference between MI and control was -10.44 (95% IC, -14.02, -
6.86). We propose that these mean values of VOzmax (46.2 ml- kg'-min™ for
infarcted areas >40% and 57.0 ml- kg'-min™ for infracted areas <40%) be used
as initial indicators to classify the animals as HF+/HF- or as moderate/severe
HF. Since the assessment of functional capacity is a non-invasive tool, it may
be useful in studies that that require prior classification of the animals by degree
of functional capacity impairment. However, these initial values are derived from
studies performed on rats of different strains, sexes and ages and with varying
protocol characteristics; these differences must be strongly considered.
Additional, studies are necessary to validate this approach. For other functional
capacity variables (run time and distance to run), these subanalyses are not
adequate, because few studies reported infarct size (4/11 studies) and those
that did reported MI areas <40.

Moreover, the overall difference between M| and control rats was -13.58

ml- kg1-min'1, -9.60 minutes and -122.53 meters in maximal oxygen uptake, run
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time to fatigue and distance run, respectively. This overall difference may be
important for future sample size calculations and for the design of powerful
studies to assess functional capacity in a rat model of HF after coronary artery
ligation.

The assessment of functional capacity in the rat model of HF is a
challenge for investigators. Various methodological concerns, such as blinding,
adaptation, acclimatization, well-defined exhaustion criteria, temperature and
day period during the functional capacity test and calibration of the gas analyser
(for VO2 and VCO, measurements), are necessary for an optimal, precise and
reproducible assessment. In this context, we propose some basic suggestions
and care before, during and after (in the data-management phase) functional
capacity assessment in the rat model of HF following coronary artery ligation

(see Table 3).

Limitations

The present study does have limitations that warrant discussion. Firstly,
the data extraction process was unblinded. Additionally, data not adequately
reported in the main text were estimated by extraction from published graphs
and recorded using graph digitizing software (GetData Graph Digitizer 2.24; S.
Fedorov), creating a potential source of bias. Secondly, meta-analysts have
reported a high degree of heterogeneity and the causes are undefined. We
speculated that the cause of the high heterogeneity we observed was complex
and multifactorial involving methodological aspects such as different time points

of functional evaluation after Ml induction, protocol characteristics (e.g. velocity,
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inclination, stages, exhaustion criteria, air flow through metabolic box) and

associations with age, sex and strain of the select animals.

Conclusion

In conclusion, the rat model of HF after Ml following left coronary artery
ligation is systematically associated with functional capacity reduction (VOzmax,
run time do fatigue and distance run) compared with control animals. Attention
to methodological improvements is necessary to create optimal, precise and
reproducible protocols for functional capacity assessment in this widely used
animal model of HF, especially to explore and test novel therapies that have the
biological potential to improve functional capacity in this high mortality-

associated syndrome.
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Figure legends

Figure 1 - Flowchart of search methods for identification and selection of

studies.

Figure 2 — Qualitative analysis of quality assessment of the included studies.
Data presented as 100% of included studies. Numbers in the bars represent

number of studies in each category (Adequate/Yes or Inadequate/No).

Figure 3 - Forest plot of a random-effects metanalysis of 20 included studies
(comprising 391 rats) about the effect of myocardial infarction induction in

maximal oxygen uptake (ml- Kg'-min™) versus control.

Figure 4 - Forest plot of a random-effects metanalysis of 11 included studies
(comprising 206 rats) about the effect of myocardial infarction induction in run

time to fatigue (minutes) versus control.

Figure 5 - Forest plot of a random-effects metanalysis of 6 included studies
(comprising 122 rats) about the effect of myocardial infarction induction in

distance run (meters) versus control.

59



"‘@douaJaIelul uepeallo

ploAe 0} JoplJo ul ‘Aep yoes awi} swes ay} je pawJouad a1om SUoISSos
Buluresy 8y "*“2QOA se ‘da)s ise| 8y} je ‘pue peopiom jey) oy (*FHISToA)
Awouo9s Buiuuni s jeJ Yyoes Jo aiNseaw B Se UdYe)} SeM PEO|YIOM

yoea je painseaw 2o 1saybiy ay 1S9} yoes alojeq ainxiw seb
90UBIvjal B YIM pajelqiied sem JazAjeue seb ay] :uoewiojul [euonippy

YN -Juswissasse Ayoedea jeuonouny Ul S}08Le 8SIaApY

‘ulw/w G jo

paads e je Sm/p g ‘p/uiwi 0| 10} (apelb %) |liwpessy

8y} uo unu el yoes bBuiney Aq sdnoub ayj ul

OS|e paulejuiew Sem [[lLpeal] 8y} Yyim uonezuelwe) :uoieidepe jewiuy

$8 :uoonpul jopol jewiue isye sAeq

'S G| ulyum [lwpead) ay) abebusal o) Bundwepe
INOYUM SNINWIAS |BO109]8 8y} Bulnpus se paulap :eLejud uolsneyxy

‘panun }ya| sem Alaue
AJeuolod ay} Jepun ainjns
ay} 1eyy 1deoxs ‘einpadsoud

(2=U) IN -

(9=u) j043u09 -

uIW/|w 00G*y - MOl Iy aWEes 8y} JusmIapun : (u)sdnoun
. ‘sjes weys :dnoub joi3uo)
uonsneyxa payoeal B 0GZ~/SHooM
1ed 8y} [Iun ulw ¢ AJBAS UIW/W G pasealdul Ajlejuawaloul sem paads (leaiBojoisiy) g 0}
BU} pue ‘ulw/w Q| }e pauels uayj Sem |lupeal; ay} ‘uoiewiooe jo poluad 1°Ge (%) ease )y | 9 ublomseby e
UIW-G| :SMOJ|0} Se paads [|iupeal} 8y} Ul sesealoul asimdajls :/020j0id ‘paedi| 1(8002)
sem Alaue A1euolod ulew alew :xes ‘e
Sjewliue 1yo| Buimojjoy :uononpui YRSy
VN [lews Joj wa)sAs BuizAjeue-seb pue [lwpead) ;snjejedde jeajuyos | uornjoaejul [eipieaoAyy | JeISIp (uesisS | ‘eysineg
ayeydn usbAxQ jewixepy
(aunjre4 uone
sbuipuly pue (uswsseasse Ayoede) jeuonoun) HEBH JO [apowl [ewliuy) aynuep|
ubisep Apnjs uo sejoN AbBojopoyrapy uonuaAidyU| sjewiuy Apnjs

09

‘pPesSsasse aWwo09)No 8y} 0} Buiplodoe papIAIp aJe salpng “sjel Jo Aloeded
[BUONOUN] Ul UONDJRJUI [BIPJED0AW Ja)je ainjie) eay Jo [apow [ewiue Jo joeduwl ay) 0} palejal salpn)s Jo uoljezusoeleyd — | 319Vl




pue weys ul (wnyq| "pajebdi| [09
pe “7/6 g) Jajem Bupjulp | Joj uoneuloul .Gz e je Buiuuni lwpeal; Aq dn pawiem sjel ay] (09030.d sem Alape Aleuolod 1(2002)
ul uanlb sem ogaoeyd o] Buimoyjoy :uononpul —enbelidg e
[IN ®Y} Jaye )aam auQ JazAjeue seb pue Jaquieyo dljogejaw ‘|iwpead) :snjesedde [eaiuyos | uoljoJeul [eIpJe20Apy :uies | 1o 1wey
AN ‘uojeuwliojur jeuonippy
YN :juswssesse \EoQOo. jeuonouny ul Sjoeye m@m\i.«\ -21e6I| 10U Ssem Alope _ ]
IW o) 3eem |, 1o} (U/w €°0 (8=U) IN
‘Aep 1ad uiw Q1) |IwpeaJ) ay) 0} pajdepe aiam s)el :uojejdepe jewiuy A1eui0d ey} jeu 3dadx8 | (g=u) jouoo -
alnpaooid |eolbins swes
86 :UOIONPUI [apow [ewiue Joye sAeq | ‘Siel weys :dno.b joiuo) ‘ (u)sdnoig
YN ‘BuaLIo uonsneyxy (Aydesboipseooyos) 6ooe
v€ (%) eaie -0g¢/sinpe
ulw/|w 0009~ - Mol A1y ‘pajeb| ‘Jybrem/eby
‘uonsneyxa [un apelb ou pue ujw ¢ AJana sem Asape Aieuolod l6s
SjuBWIaIOUI UlW/w € yum ‘[ooojold dwel asioiaxe aAlssalboud e :j020j0.4 Buipuaosap JoLsue slew :xas | 1(1102)
ya| Buimoyjoy :uoponpul ‘e @ 1
VN "JazAjeue seb pue Jaquieyo dljogejaw ‘|iwpead) :snjesedde jeaiuyos | uoljoJeul [eIpJeo0AYY | JBISIAN (Uled)S ‘eblor
.r.c_E. G S.mv_._Ev se passaldxe sem SO/ uoneuLIojul [euonRippy
YN ;Juswissasse Ajoedeo jeuonouny Ul Sj09)e aSIaApY (6=U) IIN -
uN :uonejdepe jewiuy ‘pajeb| jou
sem Asape A1euotod ay) | (g=u) [013U09 -
¥8 :uononpuy japow jewjue joye sAe@ | punode ainjns ay) 1deoxe
‘sjed |\ 18y} @inpaooud :,(u)sdnoi
‘(peopjiom pasealoul aydsap ayejdn uabAxo Jo JJo Buljaag) awes 8y} JusmIapun
B) peopiom pasealoul Jo aydsap paneaje|d SO -BLBJLIO UolISneyxg ‘sye1 weys :dnoub jo4uon) 4N
‘ybram/oby
ulw/jw 00§ - MOl 1Y (Aydeiboipsesoyos)
ajews) :xes [8/
"BIIB)LIO UOIISNBYX® |Iun ulw Z AJaaa sjw €0°0 Aq %0v< (%) BaIE I I(£1.02)
paseaioul sem AJI00|aA [[lwpeal) 8y} ‘Jeyealsy ] "XewgzOA J0 %09—0G e ‘uonebi| Aieyue Aleuolioo Asimeq ‘e 19
ulw Qg Joj uoneuloul Gz e e buiuuni lupeas Aq dn pawuem :j020joid ya| Buimojjoy :uononpui -anbeids 'av ‘u
VN Jaquwieyo dljogejaw e Ul |lwpeal) paziwolsno :snjesedde [eajuyos | uoljoaejul [eipJeaoApy :ues;s | esuyor

19




VN UOjjeulIojul [euoRIippy

YN :Juslussasse Ayoedes [euonouny Ul S}0844e 8SIaApY
YN :uonejdepe jewiuy

// :Uoionpui jopouw jewiue isye sAeq

‘(peopiom paseasour aydsap ayeidn uabAxo Jo JJo Buljaag)
B) peojyiom pasealoul Jo a)dsep panesie|d COA -BLIB}LIO UolISNeyxg

‘paiebi| jou

sem Alape Aleuolod ay}
puno.e ainins ayj }daoxa
‘sjel |IN Jey} ainpaooud
awles ay} Juamiapun
‘syel weys :dnoub jo4uo)

(8=u) IN -
(g=u) j043u09 -
: REmQ:Q@

syjuow 4
-¢ Jybrem/oby

ulw/|w 00S'y - MOojlf 1Y alewsy :xes
(Aydesboipieaoyos) [19
"BIBILIO UOlISNBYXS |Ijun uiw g AiaAs sjw ¢0°0 Agq pasealoul v :(%) eaie I Koimea | 1(1102)
sem A}00|aA |lipesal) 8y} ‘Jeyeslsy | “XewzOA JO %09—06 Je ulw 0z ‘uonebi Aisyue Aleuosod -onbeids ‘e
Joy uoneulpul .Gz e 1e Bujuuni jiwpeas) Aq dn pawlem sjel ay| J020joid ya| Buimojjoy :uononpur 79710
Jaquieyd dljogejaw e Ul [lupeal) paziwolsnod snjesedde jeojuyoo | uorjoJejul [eIpIe20AN :ureqs ‘lway
‘sjybram
Apoq juaiayip 0} paje|al si01oe) Buipunojuod pioAe 0} G/ 0 0 Jamod
8y} 0} pasieJ ssew Apoq 0} pazijeulou sem QA leyy pauodal sioyine
ayl .r.c_E.E.o.mv_._Ev se ssaldxa sem SO/ ‘uoljewLIojul [euonippy
YN :Juswissosse Ayoedeo [euoljouny Ul S)oo)e aSIoApYy
(4N=U) IIN -
YN :uonejdepe jewiuy (¥N=U)
|04}U0D -
¥8 ‘uononpuy japow jewiue Jaye sheq
‘uonebi| : REmQ:S@
‘(peopiom paseauoul djdsep axejdn uabAxo Jo yo Bulleas) | Lispe Aleuoios ayy Jdeoxa
B) peo|}lom pasealoul Jo audsap paneaje|d ZOA -BLBILII uolsneyxy salnpaoold |eoibins N
awes ayj 0} pajoslgns :yBram/aby
ulw/|w 00S 'y - MO JIY | ‘sies weys :dnoib j0.,uo)
ajewsa) :xeS
‘S|ewiue "BLIBIIOD Uolsneyxa jun uiw g Aleas sjw ¢0°0 Aq paseatoul (Aydesboipieaoyos)
uonoJeul |eipJesoAw sem AJI00|aA [jllpeal) 8y} ‘dayealay] ‘XewgZOA 10 %09—0G 1e ulw 0g °% 0% (%) eale |\ AeimeQq

29




VN

"K18n0Dal JO 1Y g 1O wnwiuiw e Aq pajeledss 1Sa] [BWIXew
yoes yum ‘Anjigionpo.dal ainsus 0] Je yoes Ul 90IMm] 1SE8| 18 paulllialep
sem ZOA ‘paleiqiieoald sem Jazhjeue uabAXo ay) :uonewLIoUl [BUOHIPPY

YN JusLussasse Ayoedes [euoljouny Ul Sj084e 8SIaApYy
‘dn-wiem pue uonezueljiwe) Joj pasn sem 1sa) syl Jo abe)s 1sa1j ay |
"USALIPJOIOW B UOo Buluunt yum pazierjiwe) aiam sjel :uoieidepe jewiuy

9ZL-ZL | :uononpui jspow [ewjue saye sAeq

‘pabueyo sem apeib ay) uaym pub ayy

uo s Jo ‘pub ay} Jo pue uo dwnl ‘a|bes peaids ‘dois 1o Alsuajul dJom
Ul 9SB2JOUI UB U}JIM ZOA Ul 9SBaIOUI %G B UBY) SS9 /BLIS}LIO UoliSneyx3

ulw/|w 000°S - MOl 1Y

‘Buo| uiw 4-¢ seye) abels yoex “(uiwy/w

g'c¥ :poads { G| :apelb) gl abeys {(uiw/w oy :paads . G| :opeib)

6 9bels {(uiw/w °Ge :paads ‘. G| :apelb) g abels (uiw/w ¢ ¢ :poads
.Gl :opeub) 2 ebels {(uiw/w ¢0¢ :poads .Gzl :opelb) g abels (uiw/w
8'9Z :poads ! .Gzl :opelb) G abeys (uiw/w g:9z :paads 0| :opeJb)

¥ abels {(uiwyw g6l :paads ‘0| :opelb) ¢ abels {(uiw/w g'G| :poads
‘.G :opelb) gz abeys {(uiw/w g'g :paads : o :opeib) | abels ;j020j0id
"19zAjeue seb pue |[lwpeal] JUSPO. Y] JO |suueyd

e ojul I} 0} paubisep sem Jey} xoq dljogelaw :snjesedde [eaiuyos |

"pajebi| jou

sem Alaue A1euolod ay)
punoJe ainins ay) 1deoxa
‘sjel |\ 1eyr ainpaoold
awles ay] Jusmiapun
‘sjel weys :dno.b j03uo)

(1ea1bojoysiy)

9¢ (%) eose N

"pajebl|

sem Alaue A1euolod ulew
ya| Buimojjoy :uononpui
uoijoejuUl [BIpJeI0AYY

(bL=u) IN -

(L1=u)
|0JJU09 -

) (u)sdnoug

Boge~/dN

‘ybram/oby

slew :xes

Asimeq
-onbeidg
:uens

Lt
1(9861)
e
19 L
‘yosny

€9




‘'sanjeA *¥¥eo A apinoad
1S9} SIy} 8snedaq

‘1S8) 9sl0Jaxa [ewixew
ay) Agq pauie}gqo sanjea
B]Ep 8y} PaJapISuod S\
"JapJo wopuel e ul (xoq
pue ysew) sanbiuyos)
yjoq pue as|oIaxa
[ewixew e Buunp

pue ‘as10Jaxa
[EWIXeWwqns JO S|9A9)
snoueA Buunp ‘1sal je
palpn}s alem

(GZ=u ‘IN pue GL=u
‘|0J3u09) sjel awes ay ]

"Aipuapi s jel yoes o} psebal yym UoIYse} pullg B Ul pajoNpuod alom
s1s9) as1oJaxg *(Y) onel abueyoxa Alojelidsal pue (20DHA) uononpoud
20D J0 sanjeA ejep moys Apnjs siyj ‘Ajleuonippy ‘spsepuess seb Arewnd
994y} Jo om] yum pajeuqiied sem JazAjeue seb ay) :uonjeuLioul [euoippy

YN Juswissasse Ayoeded [euonauny ui Sjo8ye 8SIsApY

"ApN1S ay) WoJ) pajeuIWIl|e 81am

X0( JO %SBeW dljogelsw ay) Jayjie o) 1depe o) pasnjal 1ey] Siey “ysew
oljogelaw ay) Bulieam ajiym [jiupead) ay) uo Buiuuni pue Bunys o) pue
X0Q 21|0gelsw 8y Ul [jiupeaJ) eyl uo Buiuunt pue Bunis o) pazijewijooe
alom sjel ||e ‘A1ebins wol) A1aA0o8l 8y Je)e :uonedepe jewiuy

Z¥ ‘uononpui jepow jewiue isye sAeqg

‘Bujuuni anuiuod o} Buljjimun Jo

a|geun sem jeJ ay} UsyMm JOo peo| }Iom Ul Sesealdul Joyuny YIm asesloul
10U PIP COA YoIym 1e juiod ay) se pauiap sem BHCo reusjlLd uonsneyxy

ulw/|w 00€ ‘G~ - Moy} A1y

's 09 AJons ulw/w G-¢ paads

[lwpeal) ay) Buisealoul Aq "paonpoid ai1em peo| Jom Ul sesealoul Jayling
‘; abejs payoeal sjes usypp epelb 9,0z ‘Uil /w /¢ sem { abejs pue
‘opelb 9,6l ‘uiw/w g sem ¢ abels ‘apelb 90| ‘ulw/w $Z sem g abels
‘opelb 9,6 ‘ulw/w G| sem | abels :smojjo) se a1em apelb pue paads
[lwpeaJ; ul sasealoul ay] ‘ulw g Alaas apelb Jo/pue paads |iwpeal; ul
sasealoul Aq pamojjo} apelb 9,0 ‘ulll/w 9| 1e dnwiem ulw-g B J020]0.d
‘(Je|j0o aa1m B YlIM SJea ay} pulyaq

payoeje sem pue jel ayj JO 80e} 8y} JOAO i) ysew ay| ‘Axods pue
ofse|d Jes|d JO 198YSs B Wolj PajonJisuod sem ysew yblamiybi| ) ysew
Jlj0ge}aW JO ([|lupead) JUSpol [suuByd-(Q| B JO |[elS B Ojul }i} 0} paubisap)
X0q dl1joge}aw pue JazAjeue seb ‘|iwpeal) :snjesedde jeoiuyos |

‘paiebi| jou

sem Alape Aieuolod ay}
punoJe ainins ayj Jdaoxa
‘sjel ||\ 1ey} ainpaooud
awes ay} Jusmiapun

‘sjel weys :dno.b j03uod

(jeo1Bojoysiy)

12 (%) eoie N
‘pepuedxs

"pajeb|

sem Asspe Aleuolod ulew
ya| Buimojjoy :uononpui
uoijoejuUl [BIPJRI0AY

(5z=u) IN -

(GL=u)
|0J3JU09 -

: REmQ:Q@

600oe~/dN
‘ybram/oby

s|ews) :xaS

JeISINA ‘uled]s

[ov]
(8861)
p
191
‘yosny

¥9




"MaIAB
JNO Ul 8jeIapISuU0d

JOU alam sanjeA

Ejep jeyl ‘|jlwpesau)

AQ Juswissasse

¢OA Ul paulejqo

8s0U} JO %08-G9~
Jussalidal sanjen ejep
‘1onemoH “(s|ie} Jiay)
10 8seq a8y} 0} payoene
ybiem Apoq Jiayy jo

% v UM WEeMS s)el 8y}
3Jlym painsesw)
Juswissasse ¢OA
Bulwwims e pamoys
Apnjs ay} ‘Ajleuonippy

‘Alanodal Jo Y g/ 4O wnuwiuiw
e Aq pajelsedas 1s9) |ewixew yoea yum ‘Aljiqionpoadal ainsua 0}
JeJ yoea uo 92IM] }Se9| 1B paulwislap sem XU juonewiojul [euonRippy

YN ‘Juswissasse Ajoedeo jeuonouny Ul Sj0)e aSIoApY

‘dn-wuem pue uonezuel|iwe;) 10} pasn sem }sa} ay} Jo abejs is.i ay}
‘Alleuonippy “m | jo pouad e ioj Aep e uiw G~ 1o} sepelb pue spaads
10 abuel apIM B JOAO ||lLpEa}) USALIP-I0}0W B U0 unt way) Buiney

Aq Buiuunu |lwpeal) yum pazuieljiwe) alom siel :uoneidepe jewiuy

61 -uoonpul japow jewiue Jaye sheqg
‘PEO| YIOM Ul S8SEBaIDUIl JBYUN) Y}IM aSealoul
10U PIp COA Yoiym ui juiod ay) se pausp sem *2Weo ‘elojuo uonsneyxy

ulw/|w 000°G - MOl 1Y

‘Buo| uiw 4-¢ saye) abels yoeg “(uiw/w

g'cy :poads ! G| :opelb) gl abeys {(uiw/w oy :paads G| :opelb)

6 abels {(uiw/w °Ge :paads ‘G| :apelb) g abels (uiw/w ¢ 0¢ :poads
.Gl :opelb) ; abels {(ulwyw ¢ o¢ :paads .G z| :opelb) g abeys ‘(uiwy/w
8'9z :poads . G'z| :opeJb) G abes {(ulw/w g9z :paads { 0| :opeib)

¥ abels {(uiwyw ¢'g| :paads 0| :opelb) ¢ abels {(uiw/w g'g| :poads
‘.G :opelb) gz abeys {(uiwjw g'g :paads ‘o :opeib) | abels ;j020j0id
J9zAeue seb pue [jlwpeal; Juspol

8y} JO |auueyd B O}ul )i} 0} paubisap xoq dljogelaw :snjesedde [eaiuyos |

‘pajeb|

10U sem Asale Aleuolod
urew ya| Buimoy|oy
puno.e ainins ayj Jdaoxa
‘sjel [\l 1ey} ainpaooud
awes ay} Jusmiapun

‘sjes weys :dnoub jouo)

VN (%) eaie |y
"uoneb|

Alaue Aleuolod uiew
yo| Buimojjoy :uononpui
uoijoejuUl [BIPJRI0AY

(9L=u) I -

(LL=u)
|0J3JU09 -

: REmQ:Q@

60ogz~/dN
‘ybram/oby

s|ews) :xaS

JeISINA ‘uled]s

[¥g]
88.:

‘yosny

g9




VN

‘AIBn023l JO 1Y $Z JO wnwiuiw

e Aq pajeledas }s9) [ewixew yoes yym ‘Ajijigionpoidal ainsus o} el yoes
Ul 80IM] 1SE9]| JB paulwialap Sem 2O/ “pajelqieoald sem JazAjeue uabAxo
8yl "ulw/w 6| Jo paads e je ym /skep ¢ ‘Aep/uiw G (apelb %0) [1wpesl)
By} uo unu jes yoes Buiaey Aq sjel [043U0D AlBjuspas Ul paulejuiew

SEeM |lwpeaJ) 8y} uo Buiuuny Jo uonezueliwe JUojeuULIofUl [BUOHIPPY

YN -Juswissasse Ayoeded jeuonouny Ul S}ooye asIanpy

‘dn-wem pue

uoleziJeljiwey 10} pasn sem }sa} ay} Jo abels 1suly Y “|[IWpesas} USALIP
-J0)0W B uo Buluuns yum paziieljiwe) aiom sied :uojejdepe jeuiiuy

Z11-86 ‘uononpui jspow jewjue Jaye sAeq

‘pabueyo sem speub syl uaym pLb ayy

uo s Jo ‘pub ayy Jo pue uo dwnl ‘e|bes pealids ‘dojs 1o Ajsusjul Jom
Ul 8SEBIOUI UB U}IM ZOA Ul SBBIOUI %G B UBY) SS9 BLIBJLIO UolISneyxy

ulw/|w 000°S - Mol Iy

‘Buo] uiw H-¢ saxe) abejs yoeg “(uiwy/w

g'cf :poads { G| :apelb) gl abeys {(uiw/w oy :paads . G| :opelb)

6 9be)s {(ulw/w $°'ge :paads { G| :opelb) g abels (uiw/w ¢ 0¢ poads
.Gl :opelb) ; abels {(uiwyw ¢ o¢ :paads .G z| :opelb) g abeys (uiwy/w
8'9Z :poads ! ,G'z| :opelb) G abeys (uiwjw g:9g :paads 0| :opelb)

¥ 9bes {(uiwyw ¢ gl :paads { 0| :opelb) ¢ abels (uiw/w z'G| :poads
‘.G :opelb) gz abeys {(uiwyw g'g :paads : o :opeib) | abeis ;j0o0j0id
"19zZAjeue seb pue |[lwpeal; JUspol ay) Jo [duueyd

e ojul i} 0} paubisep sem jey} Xxoq dljogelaw :snjesedde [eaiuyos |

"payeb| Jou

sem Alaue A1euolod ay)
punoJe ainins ay) 1deoxe
‘sjel ||\ 1ey} ainpaooud
awles ay] Jusmiapun
‘sjes weys :dnoub j03uoD

(1ea1bojoysiy)

62 (%) eaie [N

"pajedl|

sem Alape Aleuolod ulew
ya| Buimojjoy :uononpui
uoijoejuUl [BIPJRI0AY

(9L=u) I -

(g1=u)
[0J3U09D -

: REmQ:E@

B00t-0GE/8N
‘ybram/oby

sjew :xes

AameQq
-onbeidg
:uens

et
1(6861)
'L
‘yosny

99




"M3INDI
JNo Ui 8)elapIsuod

JOU 8Jom sanjen

ejep jey| ‘(paziousixa
SEM }I aI19ym

‘Jed 8y} Jo uoibal |eoIAISD
8y} Jo 10adse |eslop

ayj o} A|snoauejnogns
pasueApe

pue ueay ay} spJemo}
paosueApe ‘AJape piioJed
b ayy ojui paoerd
Jayayieo ausjAyiakjod)
SleJ pajuswingsul

Ul p9SSasSe sanjen

O/ pamoys Apnjs

8y} ‘usAg “[jlwpeals

AQ Juswissasse

¢OA Ul pauleiqo

89S0y} JO %0.L-09~
Juasaldal sanjeA ejep
‘1anamoH “(s|iel J18y)

Jo aseq ay} 0] payoeye
yBrem Apoq Jiayy jo

% ¥ UM Wems sjel ay)
3lIym painseaw)
Juswissasse ¢OA
Bulwwims e pamoys
Apnjs ay} ‘Ajleuonippy

4N -uofjewliojur jeuonippy

UN ‘Juswissasse Ayoedeo [euonouny Ul S}ooye aSianpy
YN :uonejdepe jewiuy

Z¥ :uononpui japow jewiue Jaye sAeqg

‘Buiuuni anunuod o} Buljimun Jo

3|geun Sem jel ay} UsYm J0 peo| YIOM Ul S8Sealdul Jayun Ylim asealoul
10U pIP COA Yoiym je juiod ay) se pauiep sem XA 1eusjluo uoisneyxy

ulw/|w 00€ G~ - Moj JIy

'S 09 Alans ulw/w g-¢ paads

|lwpeal; ay} Buiseasoul Aq ‘paonpold alem peo| YoM Ul SSeaIdul Jayuny
‘; abeys payoeal sjes Uaypp ‘epelb 9,0z ‘Uil jw /¢ sem § abejs pue
‘opelb 9,6l ‘ulw/w L¢ sem ¢ abeis ‘epeub 9,0 ‘Ul/w $zZ sem g abels
‘apesb 9,6 ‘uiw/w g sem | abels :smojjo) se alam apelb pue paads
[lwpesa.) ul sasealtoul ay] “ulw g Alans apelb Jo/pue paads |iwpeal) ul
sasealoul Aq pamojjo} apelb 9,0 ‘ull/w 9| Je dnwiem ulw-g e J020}0.d
'X0q dljogejaw pue JazAjeue seb ‘|iwpead) :snjesedde jeoiuyos |

‘parebi| jou

sem Alape Aieuolod ay}
puno.e ainins ayj Jdaoxa
‘sjel ||\ ey} ainpaoold
awes ay}] Jusmiapun
‘sjel weys :dno.b j03uod

(1ea1bojoysiy)

1'9¢€ (%) eate N

"pajedl|

sem Alape Aleuolod ulew
ya| Buimojjoy :uononpui
uoijoejuUl [BIPJRI0AY

(8=U) IN -
(2=u) jo5u09 -
: REmQ:Q@

dN
‘ybram/oby

s|ews) :xaS

JeISINA ‘uled]s

[eg
1(0661)
p
191
‘yosny

L9




O/ Se s9|geueA sjuiod
ejep [ejuswiiadxs ay}
0} uonenba |eplowbis

ay} Ji4 0} wyyioble

ue pakojdwa pue
aln|ie} yeay olwayosi
UM sjel ul 8s101axa
anissalboud Bulnp
yoeoudde uondwnsuod
uabAxo Jo sasuodsal
|[eJodwa} e Jodal

"ainpaooud |ejuswiiadxa ay) Jo awi sy} 0] abe Jo syseam
9 WoOJ Ysew oljogels 8yl 0] pauolIpuod aiam siel :uojjejdepe jewiuy

GE :uononpul japou jewiue Jaye sAeqg
YN :Busjlo uonsneyxy
dN MOl Iy

"uonsneyxs [un apelb ou pue s Oy AloAs sjuswWaIOUl UIW/W

(YN ABojopoyaw) josu02
[ewuou :dnoub josuo)

(YN ABojopoyjaw)
%0V (%) ease N

"pojedi|

(9=U) IN -
(6=U) |043u09 -

5 (u)sdnoug

6 oge/uuow

Apnys sy} ‘Alleuonippy -¢ Jybrom/oby [6¥
1S} 9S1019X0 B} -1 UM |jiupeal] e Uo as10Jaxa aAIssalboud Jo (000j04d dwel j020)0.4 sem Aiae Aieuoloo 1(9002)
paue)s ai0jaq ejep ZOA Buipuaosap Jousjue oW X8 S
JO pJ0dal (3s81) BuUIBSEq J9zAjeue uabAxo ue Buisn pawiopad sem ya| Buimojjoy :uononpui “Td'N
e pajelisuowap Apnis | sisAjeue seb pue ysew oljogelaw e Buisn |jwpeal :snjesedde [eaiuyss | uonoejul [BIpJe20AYY | JeISINA JulesS ‘wijoy
©ulw- by
-|W GFOE 0} Jeau alom oA Bunsal Jo s|aAs| 8y} usym ﬂmmu_mw_ohmxm
By} pauels AJuo s|ewlue [ejuswadxa ay] :UoRewLIoul [eUOIPPY ‘paonpul J0u
YN ‘Juswissasse Ayoeded jeuonouny ui S}08jje 8SIoApY Sem elwoyos| [ep.eoofw
1ey) 1deoxe sainpaooud
YN :uonejdepe jewiuy swies ayj jusmispun
‘sjel weys :dnoJb j04ju0)
L6 :uononpui jepow jewiue Jjaye sAeqg (8=u) IN -
(sdweys (g=u) jo5u09 -
‘aeydn zO | saded ydelb Jejawiiw) 0 - lsd
(painseaw Ajsnonupuod ui (%G F) 8seaJoul Jaylny pue (AydeiBoipseaoyos) :,(u)sdnoi
B UM POJeID0SSE JOU SEM 3)el YIOM Ul 9SBaIOUl UB YOIYM Jajje ZOA 9v:(%) ease I
By} Se paulap sem Xew ¢QA) payoeal Sem Xew QA ‘eLdjLd uolsneyxy e boge
- —0ge/synpe
ulwy| 9~ - Mol Iy PEIEDIl ‘Jybremyeby [os
‘uoisneyxa |ipun apelb ou pue uiwg Alaas sem Aispe A1euoiod (sL02)
"1S8) 8S10J8X3 SJUSWIBIOUI UIW/WE YIm ‘|0o0j0id dwes asiosoxe aAissaiboid ;J000j0.4 Buipusosap Jousjue ajew :xas e 1o
3y} paue)s 0} eLvLID We| Buimol|oy :uoponpur 'q ‘so
e pajelisuowap Apnis "JozAjeue seb pue Jaquieyd dljogelaw ‘|iwpesd) :snjesedde jeojuyoo | uonoiejul [eIpJe2oApy | JelsIp Juresis | nBupoy

89




‘poliad
Buluies; asiolaxa Jo pus ayj je pue ‘Ajisuajul Buluiel; ayy isnipe o} yoam
yunoy ayj e ‘Buluuibaq ayj 1e pawlopad sem }S8) 9SI01aXa |ewiXew ay |

‘paads Buiuunl sy} uiejulew
Jabuo| ou p|noo sjes ayj uaym pouad asi0iaxa ay} JO pus ay} Je paulene
¢OA 1s8ybly 8y} Se paulap sem SO Yead ‘uoyeuwLIojul [euolippy

YN :juswissasse Ayoeded jeuonjouny Ui S}08)o 8SIoAPY

‘Buipuey

pue |020}0.d 8sI019X8 8y} 0} POWOISNIJE BW099( O} ‘YoM B sawl]

2aiy} ‘(ulw g) asioiaxa |lwpeal) 0} pasodxe alom siel ;uojejdepe jewiuy

(6=U) IN -
¥8 ‘uononpuy japow jewiue Jaye sheq (4N ABojopOLIOLL) [01UOD (g=u) |josju00
‘poads Buluuni oy} uleuIeW JaBUO| OU PiNOD S}el JBLIdJLIO UoSNEYXT lew.ou :dnob jo;3u0Q :,(u)sdnoig
UIL/W 000°G MOl 1Y/ (4N ABojopowrew) | Bggz-ogL/uN
‘(epe.ub ou pue %0V (%) ease [N yBrom/eby [/t
ulw ¢ AJeAs sjuawaloul ulw/w G) [0o0304d asioiaxe aAlssalboud 020014 1(9002)
‘uoneb Aisye Aleuolod oleW :xoS ‘e
sJozAeue yo| Buimojjoy :uononpui 193¢
VN seb pue [lwpeaJ) Jojow ‘Jaquieyd oljogelsw snjesedde jeajuyos | uoljoJeul [eIpJeo0AYy | JBISIM (Ules]S | uopuoy
'SQ0Z Puunp papiodal ale sanjeA (1sal) auljeseq e ‘ZO/ JO Juswainseaw
Buling “Jie woou ul usbAxo Jo uonoedy ay) pue uabAxo jusn|ye
10 uonoel) palidxa ay) ‘Ysew oljogelaw ay) ybnoiy) moj} painsesw
‘sjed an|iey ay} Buisn pajenojes sem zO/\ "@sou s jel ay} anoge isnl Buigny

Jeay ul sonauny ayeydn
uabAxo ay) pamoys pue
asloJaxe anlssalbo.d
Bunp sonau QA Jo
sisAjeue pajie}ap aiow e
syuwad ABojopoylaw ay)
‘sny] COAV pue adojs

ay} ybnouy) psjsneyxa pue peay slel 8y} punole WoJ Ysew ayj ojul
Ajjeuonoalipiun umelp sem Jie Jusiquie jeyj Aem e yons ul jSew ayj Jo
uonod doj ay} 0} payoene sem (Q| ww € ‘08z-3d) Buigny susjAyiaAjod
10 YiBug)| |[lews Y "Je[|00 X8}k| B YIM SJea 8y} pulyaq payoepe

SEM puE el 8y} JO 80.) 8U] JOAO 11} YSBW 8] UOojeuLIojUl [eUOIIPPY

YN -Juswssosse Aoeded jeuoijouny uj S}oaye aSIoApYy

69




0/ :uononpui japows [etuiue iaye sAeqg

awies ayj Jusmiapun

I\ @buej -

"x9|jo) Bunybu s,ewiue ayy jo | ‘sied weys :dnosb j0.uo) (gL=u)
SS0| 8y} AQ 1BJ YoBS 10} pawlijuod sem anbiey 1S9] 8S1019xd Yoes JO pud IN [lews -
3y} v "sJepenbpuly s,lewiue ay} je pajoalip Jie ainssald-ybiy jo sising (YN ABojopoyjow) (zL=u)
‘'sAep gz Jo) ‘wrd | yum Bujuuni dasy o0} pabeinoous sem |ewjue yoes ybnoy} UsAs palinddo [03U09 -
00:¥ 1e pue "we 00:g yoiym ‘Jipeal; ayy ypm aoed desy 0} Ajjiqeul s,jed JeusjLio uonsneyxy 0S I\ ebue -
1e obeneb ouyseb Aq :,(u)sdnoig
(ogaoe|d) Joyem paniadai VN 2 Moy Iy €€ N llews -
sdnoub joJ3u0d ay ] ‘anbne} jo 600e~/4N
‘(%0% | uiod 8y} payoeal [ewiue yoea |jun uiw G| AJSAS UIW/W G PasEaIdul Sem (%) eoue |y Jybramsaby
<|IN) | IN @buej Jo (o0 | poads |wpess; ay) ‘Jayealay] "uiw G| Jo} Uuiw/w Gg Jo paads e je apelb ‘paiebi| [¥4
>IN > %0L) | N llews %G e dn uel Ajjenui jes yoeas yoiym ui }sa8) Buiuuni papelb ;jooojoid | sem Aleue Aleuolod ulew alews} :xas | 1(9661)
se pazuobaleo alom yo| Buimojjoy :uononpui ‘e 1o 'y
S|ewiue pajoenul ay | [llwpeas} usAlIplolow :shjesedde [eajuyos | uoijosejul [eIpJe20Apy | JBISI (ured)S ‘J9yey
anbne} 0] awi uny
‘junowe
awes ay} uaAIb aiam sjel Asejuspas ‘ajejoo0yd b G'Q Yim paplemal
SeM Jel Yyoea ‘uoIssas 1$9) JO Bujuiely yoes Jayy yoam Jad shep ¢
L-S"W G "0 }e uoneuldul g0 ¥e uiw G| Joj Bujuuni [lwpeal} Aq paulejuiew
sem |[Iqs Buiuuni ‘sjes Alejuspas u| :uonewiojul [euolIppy (620)
6=U) IN -
YN ;Juswissasse Ayoedeo jeuonouny uj S}0o)e a8SIanpy
YN :uonejdepe jewiuy (9=u) j043u00 -
8 :uononpuI japow [ewiue Jaye sheg ‘pajeby| :,(u)sdnoi
Jou sem Aiape Aieuolod
‘(peopiom pasealour sjdsap ayejdn usbAxo Jo o Buljang) yo| ay) 1ey} 1daoxe bgze
B) peo om pasealdul Jo aydsap panesie|d COA ‘eLdjLd uonsneyxy alnpaosoud |eoibins swes -00¢/sinpe
‘syes weys :dno.b j013u0D ‘Jybremyeby
ulw/|w 00S'y - MOl 1Y
(Aydesboipieaoyos) d|ews} .xeg
BLIS)LID uoisneyxa [un uiw g Aleas sjw £0°0 Aq v :(4) eate I 6/]
paseaioul sem AJI00|aA [[lwpeal) 8y} ‘Jeyealsy ] "XewgzOA J0 %09—0G e uoneb| Aisye Aieuolod Asimeq vO¥3s
ulw Qg Joj uoneuloul Gz e e buiuuni lupeas Aq dn pawuem :j020joid ya| Buimojjoy :uononpui -anbeids (z002)
VN Jagwieyo dljogejaw e Ui ||lwpeal) paziwolsnd :shjesedde [eajuyos | uoljoaejul [eipJeaoApy :uesS | YoIsipa

0.




VN -uoneuLiojur jeuohippy

YN :Juswssasse Ayoeded jeuoijouny ul S]oale 8SIaApY
"S)Y98M ¢ 10J Aep/uilw Q| ‘Ulw/w Q| Jo paads
e 1e Buiyjem Aq |[lLIpEaJ) 0] palewIoo. alam siel ‘uoneidepe [ewiuy

L6 :uononpul japowl [ewiue iaye sAeq
"08S G Uey) Jabuoj Jo} |Iwpea.) ay)
UO UNJ JOU PINOD SjeJ 8y} usym juiod sy Se paulap :BLdjLId UuolSneyxy

‘paiebi| jou sem Aispe
AJeuolod ay) punole
alnins ay) 1daoxa ‘sjel
I\ 1By} ainpasold swes
B} Jusmiapun ‘sjel weys

(zL=u) IN -
(2=u) jo5u09 -
5 (u)sdnoug

HNAM
6 -ybramseby

VN 2 Moy Iy :dnoub jouo)
"sawil [29
[Ie 1e saalbap G| Jo apelb |iydn ue je paulelulew sem |lwpeal) ay | N (%) eaie | 4N -X8S | 1(€002)
"ulW g A1aAa SBSBaIOUl UIW/W Z YNIM UlWw/W G| Jo paads |eiiul ;j02030.d uonebi Aieue Aleuolod ‘e
ya| Buimojjoy :uononpui Ywe | 19 '©'g
VN [lwpeal :snjesedde jeajuyos | uoloJejul [eipJeaoAyy | 18yosid (uredjs ‘yoyy
"21nuIW J|eY }Saieau ay} 0} papJodal pue painseawl
SEeM [[lpead) 8y} WOJ) [ewiue a8y} JO [BAOWA. 8y} 0} 1S9] 9SI01aXd
ay} Jo Buluuibaqg ay} wody dwi] "suonesuasuod uabooA|b anssiy ui
uofeLIBA |eulnip 8y} WoJj s}oaye Buipunojuod ayj Jusaaid 0} "w'e Q| pue
6 U2M]a( paleliul 9JoM S]1S9] 9SI01aXa |[IWLpEeal] e pUe 1S8) aSI0Iaxd ay)
2l0Joq Y Z| 10} P00} WO} PaJOLIISal SI9M S]el [[e :UOIjeuLIojul [BUOHIPPY
YN -Juswissasse Ayoeded jeuonouny Ul S}ooye asianpy
"sJauunJ juaiolold alam )
pajebi| jou

Aay) 18y} ainsus o) apelb 90| e dn ulw/w Oz Jo paads e je Aep/uiw
01-G Joj pasiolexa jel yoes ‘suoissas Bululel asay) Buung ‘|lwupean
USALIpJOJOW B UOo Buluuni Yyjim pazieljiwe) Sem [ewiue yoes ‘(syeam
9 Jo wnuiuiw) [N 3sod pouad Aianodal ay) Buunp :uonejdepe jewiuy

sem Alaue A1euolod ay)
punoJe ainins ay} 1deoxs
s|jewiue ||\ 184l 8inpadoud

(L1=u)

VL




YN -Juswssosse Aoeded jeuoijouny ul SJoaye aSIoApy

‘uolezijewipoe Jayuny Joj Apjeam aouo Buiuunl o} pajoalgns

alam siel ‘||N paonpul Ajjejuawiiadxs Jaye yjuow | Aj@yewixoidde
Buiuels -1se1 ay) 0] paziewlooe swedaq Aay) 1ey) os Ajaaneladoaud
shjesedde |lwpeal; B UO UNJ 0} paMO||e aJam Sjel :uoiejdepe jewiuy

0L :uononpul jepow Jewiue ioye sheq

‘Alepie Aieuolod

ay} jo uonebi| Inoypm
alnpaoo.id aanjelado
[eQl3USpI UB JUsmiapun
‘sjel weys :dno.b j03uod

(PL=u) IIN -

(zL=u)
|0JJU09 -

: REmQ:Q@

S399M G—/dN

‘uonjelado .
weys Jo Aispue YN -eusjuo uonsneyxy N (%) eo:e I ‘Jybremsoby
\Cmco\moo ay) Jo uoneb) ‘poreB| oleW Xog
Joye sAep Q| ‘syeeam Gg VN - MO Ay . :
>_MHmE_xoLQQm Jo} ‘Airep ‘ulw/w Gz jo paads Buiuunu m\ﬂm awn sem Alape AJeuoiod e [0g
89U0 AJjeJ0 paisisiuiwWpe | Buiuuni Buunseaw Aq pejen|ens SEm S|BWIUE B} JO 80UBIS|0} ;j000j0ly | SU} 40 Youelq buipusosap Aaimea | 1(p00z)
J9)EM pa||SIp PaAIedal ay) buimoyjoy :uonanpuy -onbelds | e o 1y
sdnoub weys pue ||\ [lwpeaJ) :snjesedde jeaiuyos | uoijoejuUl [BIpJe20Ap :uren)s | oneAip
‘Buruunu siel ay) deay 0} snjnwils |B21308[8 Ue papiroid
[lwpeaJ} 8y} Jo pud ay) }e spub [99]S SSajuIelS UOIBULIOUI [BUOIHIPPY
"S0IYSA Yjim
JUBW)ESI} WIS} HOYS YN ‘Juswissasse Ayoeded jeuonouny ui s}08jje 8SIoApY
ay) esneoaq ‘sishjeue ‘pouad Aep p—¢ & JOAO0 S/wo /| Jo paads e je ulw G ‘poyed|
dnoJb jsuiy sy osoyo | 4O} [IWpeal) 8y} uo uni o) pajdepe jsuly sem Jel yoes :uojejdepe jewuy 10U sem AJae AIeuoiod (2=u) IN -
9\ "awny j0o0joud swes ulew us| Buimollo
ay} ul Ayoeded [euonouny 0. :uoponpuy [spow [ewjue Joye shkeg punose w.:::m w_r_u u..amo_ww (2=u) 1013u00 -
By} S)oam 4 1o} .
A|SNOBUEINOGNS B[OIYBA syooys Buisessou S1eJ |\ 1ey} 2inpadoud :,(u)sdnoig
paAladal jey} siel Jo a)dsap spub [99)s 8Y) Ul paAr)S S[_WIUR USUM ;BLIBJLID UOIISNneyXg sules ay} jusmispun
dnouB Jayjo ul pessesse ‘siel weys :dnoJb jo4uoD Boge
Apnys a3 ‘Ajjeuonippy VN ‘MOl 1Y -00¢/$88m O} [c9
‘(2s09n|B JO %,G) B2IYSA ‘uol}sneyxe (AydeiBoipieooyos) | -g ybremseby | 1(01.02)
sAep 8AINOBSUOD UBASS [uNn uiw g A1ena sjwd g Aq pasealoul uay) sem AJI00|aA [[lupeal | 6S : (%) eole |y ‘e 1o
Buunp Ajsnoauejnogns .01 Jo adojs juejsuoo e pue s;wo /| Jo AloojaA Buile)s ;j0o0joi4 ‘uonebi| A1epe A1euoiod alew :xas ‘NVYY
paAlaoal ya| Buimoyjoy :uononpul ‘e
sjel |N-1sod syeam Jno [lwpeaJy :snjesedde jeojuyos | uonolejul [BIpJe20AYY | JeISIM Jures}S | peznoT

¢l




‘dnoib ||\ [lews

e 0] paubisse aiom ‘BH
wiw 0g Mojeq da3A‘
ue yum ‘uonelado

|\ & auobispun pey jey)
sjel asoy] ‘dnoib |\
ab.e| e 0} paubisse aiom
‘BH Ww 0Z< Jo 4a3AT
ue yum ‘uoneltado

I\ B auobispun

pey ey siey

‘Ww'e 00:g UsdOMIa( Uel S[eWIUR |y "Sal0ls uabooA|b jewlou uiejuiew oy
188] 8y} 21048q WN}IqI P POO) POMO||E SI9M S}BY UOHBULIOJUI [BUOIPPY

YN JusLussasse Ayoedes [euojouny Ul Sj084e 8SIaApYy
YN :uonejdepe jewiuy
2 -uolonpul japou jewiue Jaye sAeq

"xa|Jo. Bunybu s [ewiue ay) Jo SSO|

e AQ pawujuod sem anbije ‘jewiue ayj Jo siauenbpuly ay) 18 pajoalip
Jile 1o s)sing painssald-ybiy Yyum snuinuos o] pabeinoous usym usas
‘Ilwpeas) sy} yim aoed dasy JoBuo| ou pinod jeJ ‘BLsjLIo uoiSneyxy

VN MO Iy

‘anbijey jo juiod sy} payoeal jel ay}

Ihun paulejulewW UdY} Sem paads [|iupea) SIy| *, Ulw-W G¢ 0} pasealoul
sem paads [|lwpeaJ) ay) usy] ‘peojyiom siyj 1e Buiuunl Jo uiw G| palinbal
By} Pajo|dWoD [BWIUE BY} §| *, UIW-W OF O} POSEaIOUl Sem paads |liwpeas)
ay) ‘peopiom siy) 1e Buluuni jJo uiw G| palinbal ay) pale|dwos [ewiue
SU}J| *, Ulw-w GZ Jo paads e je buluuibaq ‘epelb 9,G e dn uni :j020j0.4

[lwpeaJ) JUspo. paziwolsno snjejedde eaiuyos |

"pajebl|

10U sem Aiale Aleuolod
ay] punoJe ainins ay}
1ey) 1deoxe sainpasoud
awes ay] Jusmiapun
‘syel weys :dnoub jo4uo)

N ‘(%) esse |

"pajebi|

sem Alaue A1euolod ulew
us| Buimojjoy :uononpul
uoljoJeul [eIpJe20ApY

(9=u)
N obJej -

(L=u)

IN llews -
(2=u) j043u093 -
5 (u)sdnoug

B00y~/dN
‘Jybrem/aby

alew :xes

IBISIAN (UIedlS

lzz
I(to02)
A
190
‘18)18}d

VN :uojjeuioju) [euolippy

€L




ENEE

¥ Joj Auabuns Jaye
("d'1*OSING — epixoins
IAyyawip) pajosful
-9[0IYdA UM pajesl
alam sjel ||\ pue weys

‘uoouJaye aje| ayl
Ul SUOP SBM ]1S8] 8SI0J8X8 8Uj] PUE JUSWUOIIAUS PUB 3WI} JO SUOIIPUOD
[eluswWIIedxe swes ay) 0] PaNILQNS 818M SIel || [UOIBULIOUI [BUOIIPPY

YN :Jusuwissasse Ayoedes jeuonouny ul S}ooye 8SIBAPY
YN :uonejdepe jewiuy
LZ :uononpul japow jewiue sye sfeq

"xa|181 bunybu
|[ewiue ay} Jo sso| Ag pawliyjuod sem anbije} ipabeinoous uaym usas
‘Nwpeas) ay) yum soed desy Jabuo| ou p|nod 1el :eLsjlIo uosneyxy

VN - Moy} Iy

"anbiey Jo jJulod ayy payoeal jel ay}

[3UN paulejulew uay) sem paads |iwpead) SIY| "UlW/W GE 0} pasealoul
sem paads [jlwpeaJ; sy} uay} ‘peopiom sy} je Buiuuna jo uiw G| palinbals
8y} pa1a|dwod [ewiue ay} j| "ulw/w Qg 0} pasealoul sem paads [jipea
ay} ‘peopiom siy} e Buiuund Jo uiw G| paJdinbal ay} paje|dwod el sy}

J| "ulw/w Gz jo paads e je Buiuuibaq ‘epeib 9%,G e dn uni sjel ;j020jo.4

[lwpeaJ) JUspo. paziwolsno snjejedde eaiuyos |

‘pan

10U Sem alnins ayj Ing
pakojdwa sem ainpasolid
awes ay) ‘dnoib

weys :dnoub j0.3u0)H

N [(%) ease |y

‘pajed|

sem Alape A1euolod 19|
urew Buimoyjoy :uononpuy
uonaiejul [eIpIe2oApy

(8=U) IN -
(g=u) |043u09 -

5 (u)sdnoug

600Z-0GL/8N
‘Jybrem/aby

alew :xes

IBISIAN (UIedlS

(%7
I(v102)
‘e ‘}je

T ‘eAlls
ep
SET[=lelN

‘pUOOSS }Saleau 8y} 0} papIodal SEM ||lLPEa} BY} WO [BAOWDS
0} 188} ay} Jo Buiuuibaq ay) wody swi] “suonesjusduod uaboak|b ul
uoljelieA jeulnip ayj Jo sjoaye Buipunojuod ayj Jusaald 0} “w'e QQ:L | pue

vl




unJ asuelsiq

VN

‘papiooal
sem jed yoes Jo juiod pus ayj 0] Mels syl wouy awin Buluuni sy ‘yeq
snonunuod e yum paddinbs sem |iLupeas) sy :UoiBULIOUI [UORIPPY

YN ‘Juswissasse Ayoeded jeuonouny ui S}08jje 8SIoApY

"}s9] [|lwpeal} 8y} 0] pajoalgns alam siel

pazijew2oy "uoijesado-weys Jo uonebl| Alape AIeuolo 1o} pasn alom
(sjewiue pazijewiooe ay) Jo %0S Aj@lewixoidde) uiw gz uey} 2J0W 1o}
[lllpeaJ; 8y} uo unJ p|Nod Jey} sjed ay] -, |od03oid, Ul paquIsap spoylew
ay} Aq as1048X3a [|lWwpeal} 0} pajoalgns aJam Sjewiuy “[jIWpEal} B UO unl
pIN09 jey} sjel pajos|es am ‘Apnis ayy Buiuels aloyaq :uonejdepe jewiuy

9G :uononpul jspow jewiue saye sheq

"Juswabelnoous |enuew |euollippe audsap ‘puUb 3o0ys By} wody

1129 [lwpeaJ; ay) 0} uinjal 0} Alljigeul s,jel e Aq pa)Jew sem }sa) Alond
Joj uiod pua ay] ‘Buiuunt pape)s uiefe sjewiue ay} ‘Yooys o109

ay) UaAIb UBYAA '}199q SNoNUIUOD 8y} Jo Jeal 8y} 1e pub ¥o0ys d1309|8 8y}
uo Buipue| e ul paynsal siy] ‘|iwpead; ayj jo aoed ay) yojew o} Buiuuny
ay} Buinunuoo ul Aynaiyip pasualiadxa sjewiue ayj ‘Buiuuni jo pouad
ulela0 e Jayy 1199 |lwpeal; 8y} uo alow Aue unl o} jel ay} jo AJjiqeul
ay} Aq paplosp sem }sa} yoes Joj julod pus ay] :euojuo uolsneyxy

VN /MOl Y
ulw/w
Gz Jo paads Bujuunu Juejsuod e je pajelado pue .G Jo ado|s ;j020jo.4

[lwpeaJ) :snjesedde jealuyos |

‘Aiaye

Aleuolod ay) punole pan
Sem ainins ou jey] 1deoxas
sainpaoold [ealbins
awes ay} Jusmiapun

‘sjes weys :dnoub j03uo)

N (%) ease |N
‘uonebi| Asue Aleuolod
ya| Buimoj|oy :uononpui

uonaiejul [eIpJedoApy

(Z=U) IN -
(2=u) j043u09 -
: REmQ:Q@

6052-022/4dN
‘ybram/oby

alew :xas

JeISINA ‘uled]s

(18
1(6661)
‘e ‘je
"4 ‘lyon
BeweA

Gl




paulllia)ap Sem UolSneyXg "eoue)sIp O] PaLISAUOD Usy] pue uolsneyxa
0] awi) pasdeje ay) se peplodal Sem S} 8SI0J9X8 |10 "PlB JojeAow
o1199|3 Ue yim paddinba |jilupead) Juspos 8y UoReUWLIoUI [BUORIPPY

YN Juswissasse Ayoeded jeuorjouny Ul Spooye aSIoApY
A1abins aiojaq [lwpead)
8y} uo Buluunu yum pazueljiwe) alom s|ewiue uojejdepe jewiuy

‘uoneb| Aiope
A1euolod ayy Joj 1deoxa

(LL=u) I -

(L1=u)

sainpasold |eaibins [03U09 -
ZL 1 :uoionpui jspow jewiue Jsye sheq Swes ayj jusmispun
"SNINWIIS [BO1}98[8 8Y) PApIOAR JoBuO| OU pUE [IWpeal) ay) yum | ‘Sied weys :dnoJb jos3uo) ..REmQ:Q@
aoed daay| Jou p|Noo sjewiue ay} yaiym je juiod ayj :euLsjlLo uonsneyxy
(leoibojoysiy) | Bosz-G2z/dN
VN Mol Jly 9Z (%) esie |N ybrom/eby [zs
"9aJnuIw AJaAs ulw/w | Aq pasealoul sem pue ulw/w G| sem paads ‘uonebi 1(s002)
[eniul 8y] *,Gl JO SUIDUl JUBISUOD B ] 18S SBeM ||ILpeaJ) 8y} /090}0.d Alape A1euosoo ulew dlew :xas | e ey
ya| Buimoyjoy :uoponpur ‘N ‘po
VN [lwpeal} Juspod :snjesedde jeoiuyos | uoljoaejul [eipieaofyy | JeISIp JulediS | ojganiy
dN ‘uoneuwlojul jeuolippy
YN Juswissasse Ayoeded jeuorjouny Ul Spooye aSIoApYy uoneB
‘191 810jaq (Aep yoes senuiw Q) sAep aAlj Areuoiod Buipusosep (yL=U) IIN -
Buunp asioJaxa [lwpesl) o) paydepe ajam sjewiue :uojejdepe jewiuy lousjue Y9 Jo uondeoxe (zL=u)
8y} yum ‘ainpaooid |0JJU09 -
¥8 :uononpui jspow jewiue saye sheq JejiwIs Juamiapun
"uonsneyxe 0} NP UNJ 0} d|qeun aI1om sjel ‘eldjLo uoisneyx3 | ‘syes weys :dno.b j04u0D :,(u)sdnoi
YN : Mol A1y (leo1BojoysIY) 6 00¢
8z (%) eaie |\ —0g¢/soam
"BIIS}IO UOIISNBYXS |IUNn salnuiw poebl | g yblom/eby
¢ Aans ulw/w ¢ Aq pasealoul sem paads pue UlW/w 9 Je PajEe)s }se} sem Alape Aleuolod [z8
ay] "1S9) 9s1049Xa ||lWpeal] papelb e 0} pajwgns a1am Ssiel ;j090]0.d Buipuaosaep Jousjue slew :xas | 1(y1L02)
ya| Buimoj|oy :uononpui ‘e je
VN [lwpeal :snjesjedde jeajuyos | uoljoJejul [eipJeaoAyy | JBISIA (UledS Biuuer

9.




ulw/w G pasealoul Ajlejuswaloul sem paads ay) pue ‘uiw/w Q| 1e pale]s
usy] Sem |lwpeal) 8y} ‘uoljewlooe Jo polad ulw-G| e 1a)je :SMOJ|0}
se paads ||lwpeal} 8y} Jo Buiseatoul asimdsls (¢OA) buysa] [jiwpes.] - ‘panun o] sem Aiape
‘onbie} | £jeuoi00 ay) Jopun simns (OL=U) I -
0 Julod 8y} payoeal [ewiue yoes [ipun uiw | AJoAs ulw/w G pasealoul oy1 1841 1d99x8 ‘sjewiue oL=u) IN
sem paads ||lwpead) 8y} ‘Jayealay| "ulw Q| 1o} ‘ulw/w G| Jo paads
e 1e pue ‘epelb 9,0 1e Ajjeniul ues el yoes yoiym ui }sa) Buiuuni papelb I ey} @anpeooud (2=u) j01u00 -
:(enbiyey 03 awny unu) Ayoeden osioiexg soueinpul JO UoeUILIBIE( - auwes ayj jusmispun
‘syel weys :dnoub jo4uo) :,(u)sdnoig
:J020j0.d
sjewiue (Ileo1bojoisiy) | B 0Gz~pim g 0}
[lews Jo} walsAs BuizAjeue-seb pue |wpead) (o) bunsa] jiwpesl] - 1°9¢ (%) eaie |y | 9 ybramseby [ge
llwpeau) ‘pajeby| 1(2002)
:(enbnej o3 swiy unu) Ayoedes esiolexg eoueinpuy Jo uoneulwIB}dd - | sem Aleue Aleuolod ulew ajew .xes ‘e
us| Buimojjoy :uononpul ‘19 P
VN :snjesedde jeaiuyoo | uoljoJeul [eipJeoo/py | JeIsIp (ulesiS | ‘eysieq
uoIBeId0SSY
VN -‘uoneuwiiojul [euolippy
YN -Juswissasse Ayoedeo jeuonouny Ul S}ooye asianpy
YN :uoiejdepe jewiuy ‘palebi| Jou
sem Alape AIeuoIod ay) (9=U) IN -
8z :uononpui jspow jewjue Jaye sAeg | punole ainins ay) 1Jdeoxs
‘sjes |\ 1eys eanpaooud | (9=U) [0]u0oD -
xajja4 BunybLl jewiue sy} Jo SSO| JeLdjLIo Uolsneyxg awles ay] Jusmiapun
‘syes weys :dno.b josuoD :,(u)sdnoi
VN - MO Iy
‘anbie} Jo Juiod ay) payoeal Aay) |inun da)s |eul N (%) eaie | 6002Z-051/4N [cg
8y} ul Bujuuni panuiluO Ssjel sealaym ‘yoes ulw ¢ 1o} pajse| sdays |eniul pajebi| Jybremeby | 1(v102)
oM} 8y "ulwyw g1 (g pue ‘ulw/w g1 (z ‘uiwyw g (| :peads [wpeat; ul | sem AIRUOIOD JUSPUSISBP ‘e
asealoul anissalbold e yum ‘sdeys aauy) ul Buiuun sjel ;j02030.4 Jousjue a|ew :xas 19 9
Buimojjoy :uononpur ‘opng
VN [lwpeaJ) Juspod paziwolsnd snjejedde [ealuyoa | uoljoaejul [eipseaofyy | JeisIph uredis | -ejedez
‘(I 10 weys) dnoub A1ebins 0} papullq JoaAIBSqo ue Aq

L




Japlo ul pawiopad sem
alnpaooud siy] ‘j02030.4d
[ejuswIadxa JO syoaMm g
Bulnp yeam e a92IM} ‘ulw

G Joy Buluunu iwpeal
AqQ sjes weys pue

4H Ul paulejuiew ajem
s|Iys Buluuny [jlwpesa.y
‘Alsnoinald paquosap
uoneydepe [ewiue

ay} 0} A|jeuonippy

uw g
JaAo paads Buiuunl ay) urelulew 1abuoj ou pjNoo 1.l :BLajLID UolSneyxy

ulw/|w 00S°¢E - MOl JIY

"unJ
0] 9|geun Sem [ewliue ay} [jun sajnuiw ¢ AJaAs uiw/w € Aq pasealoul

sem paads |lwpead] ‘|020}o.id 1$8) 8y} 8l0jaq uiw/w ¢ je dn-wiem
ajnuiw-us} e pue pouad }sal ajnuiw-Ajuam) e pey jel yoe3 ;j090jo.d
‘JazAjeue seb pue Jaqueyo dljogejaw ‘|lwpeal) ;snjesedde jeajuyos |

yim Awojooeioy) Is|
‘sjes weys :dno.b joi3uoD

(JeaiBojoisiy)

L€ (%) eote N
‘pajeb|

sem Alepe Aleuolod
Buipusosap JoLisue
ya| Buimojjoy :uononpui
uoljoejul [BIpJe0Apy

(6=U) |043u09 -
: REmQ:Q@

6ooe
-0G/ Sfoem
2L ‘yblomyeby

alew :xas

JBISIN (UIBJIS

l6€
1I(zL02)
‘e je
.O .—J hw
odwe)

.meNO>

se ‘da)s 1se| ay) 1e pue ‘peoyIoM Jey} Joj (XeHINSTO A ) Awouods Buluuni

S Jel yoes Jo alnseaw e Se uaye} Sem Peo|yIoMm Yoes Je painsesw XeWeop
1saybiy ay] 1S9} Yoes ai10j9q ainixiw seb aoualsjel e Ylm pajelqied
sem JazAjeue seb ay] ‘|NV 00:01 PUe 00:6 Uddamiaq pajeiiul }sa)
Ajoeded asio1axa aouelnpus e pawuopad siel :uoneuLIojul [euoIppy -

YN -Juswissasse Ayoeded jeuonouny Ul S}ooye asianpy

MM g 4o} “Ym/shep

¢ ‘Aep/uiw G 10} UOIBASIS ,G PUB UIW/W OZ JO paads e je juawiiadxa
ay) alojaq [|lwpeal) 8y} UO pasiolaxe alem siel ||e uoiejdepe jewiuy

86 -Uononpul jspow jewiue soye sheq

'S G| UIyum |lwpeal) ay) abebusal 0} Bundwane

noyum aje|d Jexooys ayy uo awy Buipuads :(¢OA) bunsa] jiwpesl] -

'S G| ueyy Jabuoj poriad e 1o} (S} OA) SNINWIRS 2111938 8y}

pIOAE 0} 8|qeun Buiaqg snyj ‘|[iwpead) ay} yum aoed desy o1 Ajijigeul s el
:(enbije) 03 awiny unu) Ayoeden osioioxg voueinpuUg JO UOHBUILLIBIO(T -
BlIB)LID UolSneyxy

ulwy/|w 00G'y - Moy Iy

‘uonsneyxae payoeal 1 syl [i1un uiw ¢ AlaAs

8.




"pajos)ep alem
sjeJ weys 0} pasedwod
sooualaylp oN (Aiebins
weys jnoyum) siel
[EWJOU Ul dWI} 8SI0I9Xd
|e10} pue ayeldn uabAxo
[BWIXBW POSSOSSe
sioyine ‘Ajjeuonippy
"Alsnoauejnogns sAep
BAIIN08SU0D

uaAas bBuunp

Aep e 20Im) 9|2I1yaA
paAlg@dal Sjel ‘uoisnjo20
jusuewuad

Ja)je sinoy aaJy |

"(zg 0=1) Aujgionpoudal [000)01d

B paqguosap sioyiny ‘Buiuuni sjel ay) desy 0] SniNWS [Bo1108[S Ue
papiroid [[lpead) 8y) JO pua ay) 1e splib [98)s sso|ule)S "painsesul sem
uondwnsuoo uabAxo ‘|0o0104d By} JO UlW Z AJOAS :uoneuLIojul [eUORIpPY

YN -Juswissasse Ayoeded jeuonouny Ul S}ooye asianpy
‘pouad Aep $—¢ e JoAo Sjwo /| Jo psads e le uiw G
10} [jlwpead) 8y} uo unJi o) paidepe jsil} Sem el yoes :uoijejdepe jewiuy

0Z-61 :uononpui japow [ewiue iaye sAeqg
‘syo0ys Buisealour aydsap spub [98)s 8y} Ul pake)ls sjewiue usym
10 Ayo0jaA Buluuni Buisesioul sldsep 0 pajaAs| COA -BLB}LID UolSheyxy

ulwy|w 089 - MOoj Iy

"uoiSNEeYxa [un uel jel

yoea pue ulw g AJona s/wo Z Agq pasealoul uayj sem A}I00|aA [[lupeal |
",01 10 ado|s juejsuod e pue s/wo /| Jo Alo0ojaA Buie)s :j020j0.4
"J9zAeue seb pue Jaquieyd |lwpeal) usAlpiolow snjesedde [eauyss |

‘pajebi| jou

sem Alaue A1euolod ay)
punoJe ainins ayj Jdaoxa
‘sjel ||\ ey} ainpaoold
awes ay}] Juamiapun
‘sjel weys :dno.b j03uod

(Aydesboipieaoyos)

vy :(%) eate |
uonebi| Aispe Aleuolod
ya| Buimojjoy :uoionpul
uorjoaejul [eipJedoApy

(0L=U) IIN -
(6=U) jo5u09 -
: REmQ:E@

60G62-00Z/M0L
-8 Jybrem/aby

alew :xas

JeISINA ‘uled]s

(8t
1(9002)
‘e ‘je
sdr
‘olise)
-op-y
J9UJIB A

‘Aloedeo esiolaxa
[ewixew Ja)je 0} Wasas
Jou pip AjAioe Jeye
SIYL "palpnis sa|qelieA
By} UO ssalis ||lwpead) Jo
aoualapalul Aue ploAe 0}

"ZOA Yead se 1s9} |[lwpeal} sy} Buunp peojyiom

1saybiy ay) 1e payoeal ZO/\ Y} paJapISuod 9N “S1sa) Jo Aep Alons
sainixiw seb umouy Yim pajelqied sem JazAjeue ay] "puodas Aians
palajsifal sem Jie Juanpyd ul uonjoel) UsbAXQ :uonewLoul [euolippy

YN JusLussasse Ayoedes [euoljouny Ul Sj084e 8SIaApYy
*(UOISS8S YoBS S8INUIW (]) Y98M SUO JSAO IO JUSWUUOIIAUS
1S8] 8y} pue S8sI0JaXa |lwpeal) 0} pajdepe aiam sjed :uoiejdepe jewiuy

¥8 :uoonpuI jopolw jewiue Jsye sAeq

‘uoineb| Aispe A1euolod
Buipuaosap JoLsue

ya| Inoyum ing ‘dnoub
ainjiej yesy Jo ey} 0}
uonelnp ainpasoid jenbs

(2=U) IN -

6.




aIaM QDA PUB SO/ '1S8] |eWIXEW [BlliUl 8y] BulINp UIBISNS 0] o|qe

Sem [ewiue yoes peojyJom 1saybly ay) 0} pasesloul uay) aiom paads
pue epelb [wpesal) 8y "UllW/W G| pue %0 Jo paads pue spe.b |wpesl
e Je dn-wJiem uiw-g e usAlb sem Jel yoes ‘IS8l puooss ay) YlAA ‘IS8l
[e1ul 8y} wouy A1oAodal JO | g Jale 18] as10Jaxa |ewixew juanbasgns
e wJopad jel yoes Buiney Aq pa)eljSUoWSp SBM [BWIUE YOBS Ul paule)e
AIna) sem xew 2O\ 18U} UOHEBWIIIUOD ‘ISASMOH "Ul Z A1aA pasealoul
sem apelb Jo/pue paads |Iwpeal) ay| ‘AjoAnoadsal ‘Uiw/w G| pue % Jo

‘paiebi| jou sem Aispe

paads pue apelb [jlwpeal; e je dn-wiem uiw-g e ZOA JO uojeulwlaieq - K1eu0100 8} 1oy 1deoXe (91=u) IN -
-anbije} Jo uiod sy} payoeal [ewiue Yyoea [ijun uiw (01=u)
G| AJans ulw/w G pasealoul sem paads |lwpeal) ay) ‘Ja)yealay] "ulw 8npsooid [ealins swes [03U0D -
G| 10} UIW/W GZ JO poads e je opelb %G e dn uel Ajjeniul jes yoes yoiym | S¥ed Weys :dnoib joquod
uI 3898} Buiuunu papelb Ayoeded esioiexe eaueinpusd JO UOKRUILLIBIO( - ..REmQ:Q@
N (%) ease |y
:]020j30.id N
JazAjeue seb pue ||ILpEal] JUBPOI [SUUBYD-(| B JO |[elS B Olul ]I} O} ‘pajeb| yBram/aby
paubisap (WO / X € X G'{|) Joqueyd dljogejawl QA JO uoneuulia)aq - sem Aiape Aeuolod 37
[lwpeaJy :Apoeded asioiexs soueinpus Jo uoneulwla}e( - urew ya| Buimoj|oy alews) :xas | 1(£002)
:uononpul ‘e 1
VN :snjejedde jeoiuyos | uoijaJejul [eIpJe20AYy | JEISIM (UlesS BimjeH
‘uoisneyxa a10jaq paalyoe ZOA 1saybiy ayy
se paulep sem (oA Yead) axeidn usbAxo yead :uoneuLiojul jeuonippy -pajebi| 10U (21=U) I
) sem Alape Aieuolod ay}
YN ;Juswissasse Ajoedeo jeuonouny Ul Sj0o)e aSIoApY
‘Bunsa) siojeq | PUNOIE ainins ay) 1deoxs (0L=u)
8s1919%3 ||Iwpeay) o) pajdepe Ajsnoiraid aiam sjel :uoiejdepe jewiuy ‘sjed ||\ 1ey ainpadoud |0J3u09 -
awles ay] Jusmiapun
‘pouad Bululel) asioioxe ¥8 ‘uononpui jspow [ewiue Jaye sAeg | ‘syel weys :dnoub jo4juo) ..REmQ:Q@
10 sy@am g Buunp siys
Buiuuni Jivy} uleyuiew YN ‘eusjuo uonsneyxy N (%) eaie | dN/ow [0y
0} }@8M e 90U0 uoneby | g yblemeby | 1(v102)
‘sanuiw G Joj Bujuuny ulw/|w 00G'€ ‘MOl 1Y Aiape Aleuoloo yaj ‘e
[lwpeas} 0} pasodxa "'S9INUIW € AJOAS SjUBWIOUI UIW/W € pue uiw/w g je Buije)s ;j020joi4 | 8y} Jo youeiq Buipusoasap ajew :xas 197
alom sjel ||e ‘uonerdepe JazAjeue seb e urew Buimoyjoy :uononpuy ‘sojueg
[ewiue 0} Ajleuoilippy | 0} pajdnod Jaquieyd dljogelaw e Jo apisul |lwpeal) ‘snjesedde jeajuyose | uorjolejul [eipJeaoAyy | JBISIM (Uled)S | -Sawo9)

08




WBYS pajoiejuiuou B 10 JHD YIIM Jel ||\l B Sem palsa) buiaq [ewiue

8y Jay1aym MOU) 10U PIP JBAISSJO 8Y) ‘@lojalay "UoNIpUoD S [ewiue ay)
01 papul|g J1oAI8Sqo Ue AQ paJslsiulupe SeMm ]S8) 9s10Jaxa oy "uaboak|b
aNSSI) Ul UOHEBLIBA [BUINIP 8Y) WOJJ S)o8yle Buipunojuod ay) usaaid o) \Y
0l PUB § USBMIS(] Pajeljiul 8Jam S)S8) 9SI2J8Xa || “8lnNuIW ey 1saiesu
8U] 0} papJooal pue painses Sem ||lWpesl) ay) WoJj Jel sy} Jo [eAowal
8y 0] 8s104exa ay) Jo BuluuiBaq syl WOy sWl | UORULIOJUI [UOIIPPY -

YN :Juswissasse Ajoedeo jeuonouny Ul Sj0o)e aSIoApY

‘apetb 9,01 e dn uiw/w Qg Jo paads |lwpeal) e

1e Aepjuiw G o} |lwpeas} 8y} uo unJ [ewiue yoes buirey Aq sdnoub yioq
Ul paulejuiew sem Buiuund [[lwpea) yum Aleljiwe :uonejdepe jewiuy

86-18 UoIINPUI [apoLU [ewliue Jaye sAeq

‘Buluuna anuiuod o} Buljimun 1o 0} 8|geun sem

1eJ 8] USYM JO peo}IOM Ul S8Sealoul Jayln) Ylim asealoul 10U pIp SOA
ay} yoiym je juiod ayj se paulsp sem xew COA 2OA JO uoneuLIB)a( -
"ol Bunybu s jewiue ayy

JO ss0| a8y} Aq pawuiyuod sem anbije) Jo juiod pua ay) ‘}s8) asIolaxa yoea
JO pus ay} 1y "sJauenbpuly ayj je Jie ainssald-ybiy jo sysing buif|dde Aq
unJ 0} pabeinoous sem [ewiue ayj ybnoyy usas ‘[jluupeas) ay} yum aoed
daay 01 Ayjigeur s el Apoeded asioiexe 8auBINPUS JO UOKRUILLIBIO(] -

eLd)LIo uojsneyxy

ulw/jw 00g ‘G~ - MO} 1Y

‘lewiue yoes ul *BY oA JO Juswssasse ajeindoe ue bulnsua

sy} ‘1s8} as10Jexa [ewixew juanbasqgns yoesa Buunp speopyiom (1syealb)
puo2as pue |eljiul 8y} UBBM]aQ puno} alam sanjeA ¢OA a|qetedwod [pun
pajeadal sem ainpasoud siy| ‘AisAodal JO U g Jaye pajeadal ainpasold
BWes ay] pue pajeulwla) Sem 1s8} ay] ‘1S9)] as10Jaxa puodss ay) buunp
¢O/\ Ul 8SEaI0oUI UB pajesiSUOWap el 8yl J| "pajeulllla) Sem 1Sa] SI01oXd
By} pue ‘Xxew QA 1B 8q 0} pPaJopISU0d SeM [eWIUR 8y} ‘SPeOJom 0M] Y}
U9oM}a( Je[lWIS SeM SO/ PaJnseaw ay) §| "paplodal a1om CODA pue COA
pue ‘uil/w G—¢ AQ pasealoul uayl sem paads |lwpeal) 8y | ‘paplodal

18




IN ‘(6=U) |0J3u0d
‘Juswissasse ZOA 104
‘(g=u ‘sjel uonounysAp
Je|NOLIJUSA }JO| 9I9A8S)
IN ‘(81L=U ‘uonounyshp

wioJj A1I9A028l JO U Q1 Ja)je S8} asl0iaxa [ewixew jusnbasqns e wiopuad
el yoea Buiney Aq pajeJjsuowlap Sem [ewliue yoes ul pauiele Ajnjy sem
Xew ¢OA 1By} Uolijeuwipuo) "ulw z A1ans pasealoul aiam apelb Jo/pue
paads [lwpead) ay| “AjpAnoadsal ‘uiw/w G| pue 9,0 Jo paads pue spelb
[lwpeal; e je dn-wJiem ulw-g e JO pajsISuod 1s8) .OA JO Uonjeuuwe}aq -

‘paiebi| jou sem Aispe

al1anas) |\ -
(8L-01 =u
‘uonounysAp
Je[noujuaA Ya|
ajesapow) [N -

JeNOUJUSA 3| "anbie} Jo Juiod sy} payoeal [ewiue Yoes |ijun uiw A1euoi00 ayj jeys }deoxe ()
ajetapowl) [N ‘(yL=u) G| AJona ulw/w G pasealoul sem paads |lwpeal; ay} ‘Isyealay] "uiw ainpacoid [eaiBins swes -6=U) |0J}u00 -
[0]UOD :JUBWSSasSSe | G| 4O} Ulw/w GZ jJo paads e je apeib ¢,G e dn uel Ajjeniul jel yoes yoiym | -dnosb
anbe} 0] swiy unJ o4 ul 1s8) Buluunu papelb Apoedes esioioxse eaueinpus JO UoeUILLIBE( - Sjed Weys -anoib johuog : RSmQ:EG
"(BHWW 0z < da3A1) )
uonounysAp A7 8Janas :J020j0.4 AN ‘(%) eaie iy dN/AN
Buiney se Jo (BHww Qg JazAjeue seb pue |[lwpeal) Juspol |suueys-Q| e JO ||B)S B Ojul i 0} -uonebi ‘ybram/oby 61
> dd3aA1) uonounyshp | paubisap (Wd / X g X G'1) Joqueyd dljogejaw 2OA JO uojeuu)e( - tonenl 1(zooz)
A7 @1esepow Buiney llwpeayy Apoedes asiosexa 8aueINPUS JO UONRUILLIBIS( - Aispe Areuoioo urew slews) :xes e
se paziiobajed alom ya| Buimoi|oy :uononpuy 7911
[\ Ue paAlaodal jey) sjey :snjejedde jeajuyoss | uonoiejul [eIpJe2oApy | JelsSIp Juress | ‘yosniy
‘sahjuspl jel 0} papul|q sem oym
JaAIasqo paousliadxe ue Ag pawlopad aiem S)S9] UORBULIOUI [RUOIPPY
YN ‘Juswissasse Ayoeded jeuonouny ui s}08jje 8SIoApY
's}se) a10joq (Aep yoes uiw ‘pajebi| Jou sem Alaye
‘poriad Bujuies; asiolexs 01) sAep G Jano as|oiexa ||lwpeal) 0} pajdepe aiam :uojejdepe jfewiuy A1euolo9o Buipuaosap ( u)
Ao 8 Dunp e :uonjonpul jspow jewiue soye sAe JoLejue 9| buimoljoy cro=in
Buiuun. ureUrEW Qowmm\w 8 -uogonpur jspou jew| cswow m_gm punoJe ainjns ay} }daoxe (zL
1e Aep yoes ujw oFoLou, Jabuo| ou aiam sjel pue (}jo pajens| axeydn usbAxo yoiym je Ajsusiul ‘sjed ||\ 1ey} ainpadoud | _g_y) jos3u00 -
Yoom e 80Im} [|ILpeal) “9°l) peo}IOM Ul 8SeaIou| ue d)dsap pasealoul Jobuo| ou axyeydn suwes ayj jusmispun
ay} uo paoe|d aiem uabAxo usym pansIyoe palopisSuod sem FWeo jeusjLo uojsneyxy | ‘siel weys :dno.b josuod : REmQ:Q@
sjewiue ‘uoneldepe
[ewiue o} Ajjeuonippy ulw/|w 008 '€ ‘MOl A1y (Aydeiboipseooyoa) HUNAM
‘sdnoub yjoq "unJ 0} 8|geun alam Ssjel [un ulw ¢ AJaas ulw/w ¢ Aq pasealoul 622 (%) ease N | 8 :ybBiemsaeby (LS
10} 9=U JUBISSOSSe SEM pue ulw/w g Je pale)s paads sy} uoneuljoul G| ;/000)0.id ‘uoneb Aisye Aleuolod (sL02)
ZON 404 'sdnoub yjoq Buipuaosap Jousjue 9lew :xas ‘e je
10} Z | =U JusWIsSSasse "19zA|eue seb ya| Buimojjoy :uononpui Ngar
unJ aoue}sip o pue Jaguweyo d1jogelaw B Ojul pajunowl [jwpead) :snjesedde [eojuyos | uoljoaejul [eipieaoApy | JBISIM (UIe]S | BJISION

"Jel |oJjuod

¢8




(g=u ‘sjes
uonouUNYSAp JejnoLuaA
yo| a19n8s) N (0 =u
uonounysSAp JejnoLijuaA

19| 9jeiapow)

0l PUe g Usamiaq pajelniul a1em S)1Sa] 9SI0Jaxa ||y elnuIll J|ey 1saieau
8U] 0] pepJodal pue painsesw SEM [[ILUpeal] 8y} Wolj Jel ay) JO [eAOWS
8y} 0] as104axa ay) Jo Buiuuibaqg syl WoJ) SWI | UOHELLIOUI [RUOIIPPY

YN :Juswssasse Ayoedes jeuonouny ui Sjo8ye 8SIaApY
YN :uonejdepe jewiuy
2 ‘uononpul jspow jewiue saye sAeg

‘Buiuuns anunuod o} Buljimun

10 0] 9|qBeuUN SEM ]l 8Y] USYM 1O PBO|}JOM Ul SBSBaIOUl JaYLN) YIIM
aseaJoul Jou pIp SO/ 98U} Yoiym je juiod ayj se 2O/ JO uoneulwlaie(q -
"xaya4 Bunybu s jewiue ay} Jo

ss0| AQ pawpuoo sem anbie; Jo juiod pus ay} ‘1S9 asI0Jaxa Yoes JO pud
ay} 1y ‘sleuenbpuly ayy 1e Jie aunssaud-ybiy jo sising jo uoneoldde Aq
unJ o) pabeinoous sem |ewiue ay) ybnoyy usas ‘[jluupeas) ayl yum soed
daay 0] Ajjiqeur s el Apoeded asioiexe 8auBINPUS JO UOKRUILLIBIO(] -

:BLBJLID UolSneyxy

ul/|w 00€ ‘G~ - ,MOjf A1y

‘|lewiue yoeas ul Xxew ZOA JO JUBWISSISSE 9)elndoe ue buunsua

SNy} ‘1s8) as1aJoxa [ewixew juanbasgns yoes Buunp speopiom (1eyealb)
puO2aS puUE [BNIUl BY} UBBM}B] PUNO} 818m sanjeA ZOA dlqeledwod
[jun pajeadal sem ainpaosoid siy| "Alanodal Jo Y gy Jeye pajeadal

sem ainpadoid swes 8y} pue pajeulwla} Sem }sa} ay) ‘1so} 9SI0J9Xd
[BwIXew puoodas ay) Buunp ¢O/ Ul 8SeBaIdUl Ue pajelisuowap jel sy}

1] "pPaleUIWIS) SBM }S8) 9SI019Xd 8Y} pue ‘Xew QA }e 8q 0} paIapISuod
SEM |BWIUE U} ‘SPEOMIOM OM} BU} USBM}S] JejillS SBM SO painseaw
3y} §| "paplodal a1aM CODA PUE QA PUE ‘Ulw/w G—¢ AQ pasealdul uayy
Sem paads |[lwpeal) 8y ‘paplodal aiam CQDA PUB COA 1S9} [ewixew
[eul 8y} Bulinp ulesns 0} 9|qe Sem |ewlue yoes peoiom }saybiy

8y} 0} pasealoul uay} aiem paads pue apelb |jwpead) 8y -uiw/w

Gl pue 9,0 Jo paads pue apelb [jwpeaJ; e 1e dn-uiem ulw-g e uslb
SEM ]BJ Yoea ‘}S8) [BWIXBW PUOI3S aY} UNIAA 1SS} [BWIXEW |E1lul 8y}

(g=u ‘sjes
uonounysAp
Je[noujuaA Ya|

€8




‘(yz'z 19znbiq ydels) eyeqion) aisemyos buizinbip ydesb buisn sydelb paysijignd wouy pajoesixa AQ pajewnss

uay) pue Ajjesiydelt pasjussaid Ajuo eyep yead ZOA se 8quIsep SaIpnis SWos . ‘JUsWSSasse ZOA Bulnp mojy Jje JezAjeue

seb , 'se|qelieA Ajoeded [euopouny Jo Juswssasse 0} pajejas dnoib yoes ul sjewlue jJo Junowe ay) sjuasaidal U swie Jidyy uo
paseq ubisep Apnjs Jiayy ul sdnouf [ejuswiiadxe aiow oAy Aew salpnis pajos|as :MalAaJ sIu} Ul }salsjul jo sdnolo | ‘uoldwinsuod
uabAxo [ewixew 10 ayerdn uabAxo [ewixew 2O/ ‘uonoiejul [eipJedoAw |\ ‘palodal Jou YN ‘(palenjeAs jou :gN ‘o|gealdde jou YN

“Jed |0Jjuod

Wweys pajoiejuiuou B 1o 4HD yum Jed ||\ ue sem pajsa) Buiaq [ewiue
3y} Jayjaym mouy| Jou pIp JOAISSJO BY} ‘B1048I8y] "UOIIpUOD S |ewIue ay}
0] Papul|q JAAISSqO Ue AQ paJalsiullpe Sem }Sa) 9sI01axa ay | uabooA|b
BNSSI} Ul UOIBLIBA [BUINIP 8Y} WOJ) S}0aye Buipunojuod ay) Jusaaid o) NV

1£3]



G0'0> 6 £€¥2S £'€¥0'LS [Ly)(9861) 1e 1o | L ‘uosniy
G0'0> oL/Zk  9VF0'LL/8SFT L.  9EFEG8/9E€FL L8 071 1(8861) 18 12 | "1 ‘yosny
900 el 1'2F6'6¢ YEFLOY [8€]1(2002) e 1o "ir ‘eysheq
G0'0> Ll 0C 97 £¥6'GS [2€]1(8002) e 1o "ir ‘eisheq
G0'0> 6l €98 LY G'/F1'8S [6€l(z102) 12 18 "D 1 ‘sodwe)
G0'0> o¢ 8'ZF0'6¥ G'8¥0'L. [661(1102) 18 Jo  ‘ebior
G0'0> el 8€ELFe L. RAZIKA [s¥1(€002) 1 1o "g ‘BimiaH
¢ 8¢ #0'1F0°82 V16 [001(2002) ‘18 "} T O ‘lway
G0'0>/S0°0< 82/6 6'VFL'GG/ £2FC 0L YSFLLL [611.(2002) /2 39 *| "L ‘uosni
G0'0> 9¢ £TFL6Y LYFLLL [osl(€102) 1e 1o "g ‘sanbupoy
G0'0> ¢ T EIRY] 6°,2¥0'601 [6+1(9002) 18 79 "1'd'N ‘Wijoy
G0'0> 0z 0'9%70°€S G'8%¥0°99 [2¥1(9002) /e 3o "3 ‘uopuoy
(,.uw- By -jw) COA
d % IN |osuo) uoneaynuap| Apmsg

"UOIJUSAJIB]UI [0J]UOD JO uondJeyul [eipJedoAw Jaye dnoub j0auod 0} dnoub uonoaleyul [eiptesoAw buedwod
salpn}s pajoajas ul sanjeA (unJ aouelsip pue anbije) 0] awiy uny ‘@xeldn uabAxo jewixew) sajqelien Ajloeded jeuonound - z 379v.L

g8



98

G0°0>/90°0<

G0°0>/90°0<

G00>

G00>

G00>

G0'0>

G0'0>

G00<

G00<

G0'0>

G0'0>

G0'0>

6¢€/G

av/Gc

8

Gc

LE

al

al

9.

1%

Ll

B'ELFGEE/ T6FYTS

06'v+L1/6°L+5C

AR

8'€70'89
«G'GFY95

LG'STL8T
0'8¥0°1L8

«L VFLCS

9'¢+0'9G

LLEELOY

QYFLEZ

L'G¥l8

L'6FP'SS

9'¢+0¢

€.L¥6°LL

VEFOVL
B'TFY'GL
460LF8 Ph
L '¥F0°G6

«06'6+8°V9

L"/¥6°G9

LTV EY

L'GFOTY

9'¢+0°'86

[611.(2002) e 72 | "L ‘yosni\

[22l.(1L002) "D "d ‘1eyeid

[ev)(¥102) 18 19 'S T ‘BAllS ep
(uiw) anbijey 03 swiy uny

[zvl(6861) UosNi

[621(2002) HoIsIM

[191(L102) e 1o "1 O ‘lway

[Gl11(8861) ' "L ‘UosniA

[L6l(€102) 78 1o N'gT easI0

[ovl(v1L02)

‘el 7| .wowcmw-mmc._o@

[821(€102) "le 1@ "g"V ‘ussuyor

[8¥1(9002)

‘e 18 "S'd' ‘oJiSeD-ap-3osulap)

[ecl(0661) 12 19 | L ‘yosni



.8

G00<

G00>

G00>

G00>

G00>

G00>

G0'0>

G00<

G0°0>/90°0<

G0'0>

G0'0>

G0'0>

¥4

/8

ve

9l

Ge

o€

¥4

¢y

6l/Y

Gc

8¢

8¢

GeLFY LT
18579111
0'89F1'1L92

£'2579'80€

Z'€FE 9l

8ZF091

6'9¥8°61

zTE0vL

0ZLFEVELOVF6 0
0'2F0°ST
VLLFLOT

9Vv1L+¥'9¢

1'€GF9'6EE
'//970°6EE}
7' LGF9'86E

67GF0L9€

cv¥lae

8'TFL'ST

9TFST

TV
£'GFGTY
L'EFREE
9'TF69E

ZSL¥8¢CY

‘el 7| .woycmw-mmc._o@
[gSl(¥1L02) ‘18 1o 'O ‘opng-eledez
[6€l(z1L02) 18 18 "D ' ‘sodwe)

(¥1L02) ‘1e 78 Buuer

(sJe30Wi) unJ aauejsiqg

[1L8](6661) e }o "4 ‘lyonbeweA
[€9l(0L02) & }o "N'V'Y ‘epeznon

[2ol(€002) 78 19 "O'S ‘Uoy
[8¥1(9002)

‘1B 18 S'd'I ‘oJiSeD-ap-3osulap)
[771,(9661) e 19 "V ‘Jaxey
[8€]1(2002) e 1o "ir ‘eisieg
[s¥1(€002) e 1o BimiaH

[08I(+002) /e 18 yoneAiy



‘(pauodal

Jou sem azis s|dwes) NJSFUesW Se passaidxe ejep L °, ulw..,. 6Y-|w se passaidxa ejep # (#Z'z 19zyibiqg ydeis eyeqie)
alemyjos Buizibip ydeub Buisn sydeib paysiignd wol} pajoenxa Aq pajewnsa uayy pue Ajjeaiydelb pajussald Ajuo ejep -(yqsew/xoq)
SEeW 2ljogejdaw pue xoq ljogejaw Aq juswssasse aiom sdnoub |, “(uoiounysAp JenoujuaA Yo 919A3S/UOIOUNSAP JejnoLjuan

}§9| 8)elapouw) uonounysAp JeindLjuSA o] 819A8S pue djesapowl ul paplaipgns sem dnolb uonolejul [eipJedoAw . “(uololejul
|eipJesoAw abiej/uoiolejul |eipJeooAw [jews) uonoldejul [eipsesoAw abie| pue |jews ul papiAlpgns sem dnolb uonosejul [eipJesoAw

. Sreedzy A se 8qlIoSeap SalpN)s SWos , “dnoJB ||\ x dnoJB j04pu0o :d ‘uondwnsuod usbAxo [ewixew Jo axeydn usbAxo jewixew

2O\ ‘|02u0o 0} abueyo abejuaoiad 9, ‘dnoib |013U0D :Josuoo ‘dnolb uonoseul [eipJedoAW ||\ "QSFuesw se passaldxa sanje)

G0'0> 9 6'20£F£'982 0'GLEFL /6. [2G61(S002) /2 12 'V "N ‘poojgani|
G0'0< . 2'9GF£°02¢ T9SFO Ve [LGl(€L02) 12 18 N'g'I edialol
[ov](¥102)

88



‘{(uonsneyxs aliojaq paraiyoe ZOA 1saybiy ay) se pauiyep sem ayeydn uabAxo yead -6:8) uonjoeljxa ejep pue uolnisinboe jo uieped -
1S9} J0LIB)SO4

1$9} 8} Jo Ajjiqionpoidal sy} jo uoneoynuap! -

‘e1I8}1JO UOIISNBYXS paulap ||om -

‘sjuswaloul apelb/paads pue 18} PEO|YIOM |EJUSLISIOUI/AUBISUOD SE SOIiSIIa}oBIBYD |090)01d paulap ||om -

‘(sjuswiainseaw 20D A/CON 10)) sanjen |eseq Jo Buipiodal pue uonezijiqels pue (uiw 0g-G|) 1S9} 21048q [eWIUE JO UOlBZI}ewWIjoo. -
(NV

0l pue g usamiaq 1sa) ayj pajeniul 678) pouad Aep sawes ay} ul }sa} Ajoeded jeuonouny sy} wiopad pue |0J3uod ainjesadwa) Wool -
Jse} buung

1S9} Ajoeded |euonjouny Jo} s|ewiue Jualoloid ou JO UoledlIIUSpPI pue |09030id paulap-||dm e yim uoneidepe [ewiue -

1189) 8y} Jo Aep Alans (spuswainseaw COOA/CON J0)) 1ozAjeue seb ayj Jo uonesqiedsald -

‘(I Jo weys :dnoub Aiabins 0} Jo saljiuapl jel 03 papullq) Buipulq Jojebisaaul -

1S9] alojog

‘uonebi| Alepe Aleuosod Buimo|o) ainjie) Leay Jo [apow jel

ay) ul Juswissasse Ajoedeo [euonouny ay) (elep Jo Juswabeuew) Jousisod pue Bulnp ‘elojaq aieo pue suonsabbns oiseg - € 319V.L

68



Figure 1.

Possible references
Pubmed: 226
Web of Science: 128
Scielo: 15
Hand Searching: 8

Total: 377

Duplicate/Triplicate
references

8

References assessed in detail

369

References excluded after
titles/abstracts evaluation

313

References assessed in full text

56

Controlled studies included

31

References excluded

25
- surgical reintervention: 3
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Figure 2.
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Figure 3.
Myocardial Infarction Control Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Batista, Jr. 2007 39.9 21 10 461 34 7 AE% -6.20 [9.04, -3.36] i
Batista, Jr. 2008 46.4 2 7458 3 6 5E6% -9.50 [-12.32, -6.68] 23
Campos J, C. 2012 478 6.3 7887 74 9 47% -1090[17.67,-4.13] =
Castro, J.P.5. 2006 231 4.8 10 42 41 9 53% -18.90[23.37,-14.43] 2
Gomes-Santos, |LL 2014 36 26 12 659 74 10 5.3% -9.90 [-14.54, -5.26] i
Helwig, B. 2003 71.3 13.8 16 82 44 10 4E6% -10.70[17.99,-3.41] =
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Rodrigues, B. 2013 491 23 B 771 47 8  55% -28.00[-31.63,-24.37] =
Ralim, M. P. L 2006 737 7.4 6 109 2749 9 20% -3530[-54.47 -16.13] T
Raondon, E. 2006 a3 5] ] BB 8.5 8  46% -13.00[20.08, -5.92] G
Wisloff, LI 2002 56.4 55 9 754 24 6 53% -19.00[-23.25-1472] s
Total (95% CI) 206 185 100.0% -13.58 [-16.96, -10.20] L]
Heterogeneity: Tau®= 50.92; Chi®= 240.27, df= 18 {F < 0.00001); F= 92% Py TR b = P

Testfor overall effect: £=7.88 (P = 0.00001)
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Figure 4.

Myocardial Infarction Control Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Randorn, 95% Cl IV, Random, 95% CI
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Figure 5.
Myocardial Infarction Control Mean Difference Mean Difference

Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
CamposJ, C. 2012 2614 68 T 3986 514 9 21.9% -137.20 197,74, -T6.6E] -
Gomes-Santos, 1L 2014 2674 7358 12 3396 537 10 22.6% -T220[125.46,-18.94] i
Jannig, P.R. 2014 308.6 52.3 14 367 548 12 236% -58.40 [99.82,-16.98] b
Mareira, JB.M. 2013 3203 a6.2 12 3446 5862 12 23.3% -24.30 [B9.27, 20.67] =
Trueblood, M. A 2005 2863 30249 11 78977 315 11 B.7% -511.40 [[769.65, -253.114] ==
Zapata-Sudo, G. 2014 1776 387 6 1,339 B7T.S 6 1.8% -1161.40 170439, -618.41] +——
Total (95% CI) 62 60 100.0% -122.53 [-200.80, -44.25] L 2
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ABSTRACT

Oxygen uptake (VO32) and exercise tolerance in rats classified by myocardial
infarction (MI) size are underexplored. The aim of this study was to evaluate
VOgj/carbon dioxide production (VCO;) and exercise tolerance in rats that have
undergone MI. Fourteen weeks after Ml or sham surgery, rats underwent an
integrated approach to left ventricular function and VO,/VCO,, exercise
tolerance and skeletal muscle mass evaluation. Based on Ml size
determination, rats were assigned to sham (Sham, n = 12), small myocardial
infarction (SMI, n = 8), and large myocardial infarction (LMI, n = 5) groups. LMI
rats showed lower systolic (ejection fraction and fractional shortening) and
diastolic (E/A ratio) left ventricular function compared with SMI. VOznax (~24%,
P < 0.05), VOareserve (~30%, P < 0.05), time to exhaustion (~36%, P < 0.05) and
maximal velocity (~30%, P < 0.05) was lower in LMI compared with sham rats,
with no difference between SMI rats and controls. VCOynax and respiratory
exchange ratio (RER) showed no significant difference between MI rats and
sham rats. LMI rats demonstrated lower gastrocnemius mass (~12%, P < 0.05)
and soleus mass (~19%, P = 0.07) compared with sham rats. Significant
correlations between Ml size, left ventricular end-diastolic pressure, right
ventricle hypertrophy, pulmonary congestion, ejection fraction, and fractional
shortening with VO2nax and run distance were observed. O, uptake and
exercise intolerance are Ml size dependent. The classification of Ml rats based
on MI size can distinguish rats with functional capacity impairment, and then

differentiate Ml rats with or without HF.



Keywords: Maximal oxygen uptake. Carbon dioxide production.

Echocardiography. Hemodynamic evaluation. Skeletal muscle.
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INTRODUCTION

The most frequent symptoms of heart failure (HF) are dyspnea and muscle
fatigue, which may limit exercise tolerance (23, 38, 39, 52). Exercise intolerance
is the cardinal clinical manifestation of HF and an accurate estimation of
functional capacity is imperative (46). Cardiopulmonary exercise testing with
metabolic monitoring is established as a foundation of the objective assessment
of functional ability in HF and the key measurement is peak oxygen uptake
(VOazpeak) (12), which has been used as good short-term predictor of mortality in
HF patients (32).

Animal models of HF have been used to evaluate novel therapies for the
treatment of HF (15, 36). Myocardial infarction (MI) following coronary artery
ligation in rats is an extensively characterized animal model used in therapeutic
studies of HF (4, 14, 16, 34), with advantages and disadvantages including high
variability in the resulting size of the MI, cardiac remodeling, and left ventricular
dysfunction (3, 13, 22, 53).

Our research group and others have observed that not all rats undergoing
MI develop features of HF, and some only present moderate HF signals and
symptoms. Therefore, post-infarction rats can be classified as nonfailing Ml or
heart failure-MI (40), MI/HF- or MI/HF+ (22), moderate left ventricular
dysfunction or severe ventricular dysfunction HF (31), and small, moderate or
large infarcts (11). This classification is based on different variables(10, 22, 31,
37, 40) and especially on infarcted size (1, 11). However, the behaviors of
oxygen uptake (e.g. VOzmax and VOzreserve) and exercise tolerance (e.g. distance
to run and time to exhaustion) in rats classified by infarcted size are

underexplored (1). Still, it is unknown whether this classification based on M
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size can distinguish Ml rats with or without functional capacity impairment and
also MI/HF- from MI/HF+ rats.

In HF treatment studies, it is essential to define whether infarcted rats
present HF or not to accurately assess the effects of treatment (22). In this
context, it is important to determine the repercussions of functional capacity in
this animal model essentially for two aims: to characterize of the HF syndrome
in general, and to test novel therapies that could potentially modify variables of
functional capacity in Ml rats with prior oxygen uptake and exercise tolerance
impairment in particular.

In humans, carbon dioxide production (VCO,) and respiratory exchange
ratio (RER; VCO2max/VO2max) are well established during a cardiopulmonary
test. In HF rats, studies that evaluated VCO; and RER status during a maximal
exercise test post Ml induction are limited (26, 27). Thus, despite its importance,
little is known about the behavior pattern of VCO, and RER in the rat model of
HF after MI.

To the best of our knowledge, no studies have evaluated VO,/VCO, and
exercise tolerance in rats that have undergone MI classified by Ml size.
Therefore, the aim of this study was to evaluate VO,/VCO, and exercise
tolerance in rats undergoing Ml following descending coronary artery ligation
and classified by Ml size. In this context, we proposed an integrated approach
of infarcted size, left ventricular function (invasive and non-invasive), VO,/VCO,
and exercise tolerance evaluation in sham, small myocardial infarction size (Ml
<40%) and large myocardial infarction size (Ml >40%) rats. We formulated the

hypothesis that O,/CO, gas exchange and exercise tolerance variables are Ml
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size dependent and the classification of Ml rats based on MI size can

distinguish rats with impairment of functional capacity.

MATERIALS AND METHODS

Ethical Approval

All experimental procedures were conducted in accordance with the Guide
for the Care and Use of Experimental Animals published by the National
Institutes of Health (NIH publication no. 85-23, revised in 1996) and were

approved by the UFCSPA Animal Ethic Committee (protocol 059/11).

Animals

This animal experimental controlled study was performed on 36 male
Wistar rats weighting between 220 and 300 g (~70-90 days of age), obtained
from the Animal Breeding Unit of the Universidade Federal de Ciéncias da
Saude de Porto Alegre (UFCSPA). Rats were housed two or three per cage,
and received food and water ad /ibitum in an animal room under a 12:12 h light—

dark cycle, at 22 °C.

Experimental design

Initially, the 36 rats were assigned to one of two experimental groups:

sham surgery rats (n = 12) and myocardial infarction surgery rats (n = 24). After
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initial allocation in experimental groups, the animals were subjected to

experimental procedures.

Animal model of heart failure

The rat model of HF was induced by MI following coronary artery ligation
as previously described in other studies by our laboratory (2, 6, 14, 16, 34).
Briefly, animals were anesthetized with xylazine (12 mg/kg, ip) and ketamine
(90 mg/kg, ip), intubated, and artificially ventilated (SamWay VR 15) with a
breathing rate of 60 breaths/min and an oxygen inspired fraction of 100%. Then,
the heart was briefly exposed through left thoracotomy between the fourth and
fifth ribs. In animals in which M| was induced, a mononylon suture 6—0 was
passed around the main left descending coronary artery. As previously
described, to obtain a range of infarction sizes, the location of the coronary
ligation varied between 1 and 4 mm distal to its origin between the pulmonary
trunk and left atrial appendage. Without exception, distal ligations resulted in
small infarct sizes and proximal ligations resulted in large infarctions (48).
Sham-operated animals underwent the same procedures, without ligation of the
coronary artery, and served as control rats. The thorax was closed, the skin was
sutured with mononylon suture 3—0, and the pneumothorax was drained using a
continuous aspiration system. To reduce algic and inflammatory effects after
surgery, rats received Turbogesic® (butorfanol) (0.5 mg/kg; 12/12; i.p.) during
the first 24 h. To prevent infection, rats received a single dose of penicillin (20

000 U; ip). Rats were observed (vocalization, piloerection, abnormal posture,
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act of licking and increased aggression) after drug administration to determine
the necessity of analgesic supplementation.
After MI, rats were allowed a minimum of 14 weeks to recover. Sham-

operated rats were allowed the same recovery period.

Maximal oxygen uptake and exercise tolerance tests

Description of the apparatus: The protocol for maximal oxygen uptake and
exercise tolerance was conducted in a small animal treadmill equipped with a
metabolic chamber with an expired gas analyzer (AVS Projects, Sdo Carlos,
SP, Brazil). The metabolic chamber was connected to an air pump that
generated an air flow ~2500 ml/min and permitted gas aspiration. Maximal
oxygen uptake (VO2zmax) and maximal carbon dioxide production (VCOzmax) were
continuously monitoring during maximal exercise tests by an O, and CO,
analyzer (AVS Projects, Sao Carlos, SP, Brazil). The VO, (ml kg 'min™") was
calculated by the air flow measured through the metabolic chamber ~2500
ml/min, the ambient oxygen fraction (A) and the body mass of the rat (M [kg]),
using the formula: VO, = [2500 x (A-E)]/M, as previously described (9). The gas
analyzer and treadmill data were computed by software (AQCAD version
2.3.9.0, AVS Projects, Sao Carlos, SP, Brazil), which allowed the collection of
the following data: oxygen uptake (VO,, mImin"'kg™"), carbon dioxide production
(VCO,, mimin"'kg™), respiratory exchange ratio (RER; VCO./VO,) , distance to

run (m), time to exhaustion (s) and maximal velocity (m/min).
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Maximal oxygen uptake and exercise tolerance test adaptation protocol:
Thirteen weeks after Ml or sham surgery, rats were adapted to the apparatus
for one week (3 min/d, 10 m/min, 3x/wk) (20, 43, 50).

Maximal oxygen uptake and exercise tolerance test protocol: Fourteen weeks
after Ml or sham surgery, the rats underwent a maximal oxygen uptake and an
exercise tolerance test was carried out based on an incremental speed protocol
of exercise to exhaustion, as previously described (5). First, each animal was
acclimatized for 15 min in a stopped treadmill, in which baseline gas exchange
levels were measured (VOapasal). Thereafter, initial speed was stated in 10
m/min and an increment of 5 m/min was applied in 3-min intervals, until the
animals reached exhaustion. Animal exhaustion was established at the time at
which the animal was unable to run for at least 15 s, even when receiving an
electrical shock (1.5 pA). On each test day, the gas analyzer was calibrated with
a known gas mixture.

Data extracted: From the extracted data, the highest value measured at the last
step was taken as a measure of VOzmax, VCO2max and RER. The VOypasa) Was
extracted as the mean of 30 points (sampling rate 1 Hz; 30 s) up to the initial
speed of the treadmill. VOzesernve Was calculated as: VOoresenve = VO2max -
VOaqpasal. The distance to run, time to exhaustion, and maximal velocity were

defined as the maximal distance, time, and velocity at the end of the protocol.

Echocardiography

Twenty-four hours after the maximal oxygen uptake and exercise

tolerance tests, the animals underwent non-invasive cardiac function evaluation
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using a commercially available echocardiograph (GE Vivid |; GE Medical
Systems, Israel) equipped with an 8-13 MHz electronic transducer. The
echocardiography was performed by a trained operator with experience in small
animal echocardiography. All echocardiographic evaluations were performed by
the same examiner. Echocardiographic examination followed the
recommendations of the American College of Echocardiography (18) and was
guided by an adapted protocol previously reported for rats with Ml (9, 22, 24,
44, 47) and for animal guidelines (8, 41). Rats were anesthetized with xylazine
(12 mg/kg, ip) and ketamine (90 mg/kg, ip) and the animals were positioned in a
lateral decubitus position (45° angle). An ultrasound transmission gel was
applied to a previously shaved chest and M-mode tracings were derived from a
2D-mode obtained from parasternal short-axis views of the left ventricle (LV) at
three levels: basal (at the tip of the mitral valve leaflets), middle (at the papillary
muscle level) and apical (distal from the papillary muscle but before the final
curve cavity). For cardiac structural parameters, the following variables were
measured: interventricular septum in diastole (IVSd, mm), interventricular
septum in systole (IVSs, mm), left ventricular end-diastolic diameter (LVEdD,
mm), left ventricular end-systolic diameter (LVEsD, mm), left ventricular
posterior wall in diastole (LVPWd, mm), and left ventricular posterior wall in
systole (LVPWs, mm). The measurements obtained were the means of at least
three cardiac cycles on each of the three levels and the final value for each rat
was the mean of all three described planes. Then, the following secondary
variables of left ventricular systolic function were obtained: end-diastolic volume
(LVEdV (ml) = 1.047(LVEdD)® and end-systolic volume (LVEdV (ml) =

1.047(LVEsD)?) by cubic or ellipsoid model [38, 39], left ventricular ejection



107

fraction (EF (%) = [(LVEdV- LVEsV) — LVEdV] x 100), left ventricular fractional
shortening (FS (%) = [(LVEsD —LVEsD)/ LVEdD] x 100), and relative wall
thickness (RWT = (IVSd + LVPWd)/LVEdD).

Left ventricular diastolic function was guided by an adapted protocol
previously reported for Ml rats (33). Briefly, mitral diastolic inflow measurement
by pulsed Doppler was obtained from the four-chamber view. The sample
volume was positioned at the tip of the mitral valve to obtain the mitral diastolic
flow velocity, which was used to measure the peak E and A wave velocities
(cm/s) and the ratio between them (E/A ratio). The heart rate was calculated

using an average of three consecutive cycles intervals.

Hemodynamic evaluation

Forty-eight hours after echocardiography, the animals underwent
hemodynamic evaluation as previously described by our research group (2, 6,
14, 16, 34). Briefly, animals were anesthetized with xylazine (12 mg/kg, ip) and
ketamine (90 mg/kg, ip), and a small incision was made in the anterior cervical
region in order to insert a polyethylene catheter (PE-50) connecting to a
pressure transducer (strain gauge; Narco Byosystem Miniature Pulse
Transducer RP-155, Houston, TX, USA), coupled to a pressure amplifier
(Stemtech), into the right carotid artery. After that, the catheter was positioned
inside the left ventricle, and the pulse wave was monitored by graphical
registration of ventricular pressure for 5 min. Analogical pressure signals were
digitized by a data acquisition system (CODAS-Data Acquisition System) with a

sampling rate of 2000 Hz. These recordings were used for left ventricular
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systolic pressure (LVSP), left ventricular maximum change in pressure over
time (dP/dtmax), left ventricular minimum change in pressure over time (dP/dmin)
and left ventricular end-diastolic pressure (LVEDP). The last parameter was
determined manually by detecting the point of inflection to the end of diastole

via analysis of the ventricular pressure wave.

Skeletal muscle sample collection

Immediately after hemodynamic evaluation, rats were euthanized by
decapitation and the gastrocnemius, soleus and plantaris (right side) were
collected and weighed. The skeletal muscle index (muscle mass/body mass)

was calculated for each muscle and rat.

Heart hypertrophy, pulmonary and hepatic congestion

After skeletal muscle sample collection, the lungs, liver and heart were
removed and weighed. The lungs and liver of each animal were dehydrated (80
°C) for 48 h and then reweighed to determine their water content. Lung and liver
wet-to-dry mass ratios were used to determine the percentage of water in those
tissues, as an indication of congestion. The right ventricle (RV) and left ventricle
(LV) were dissected, separated and weighed. The heart-to-body mass (H/BM),
LV-to-body mass (LV/BM) and RV-to-body mass (RV/BM) were determined and

used as an indication of heart hypertrophy (14, 45).



109

Infarcted size determination

Immediately after heart hypertrophy determination, left ventricles were
filled with a latex cushion and placed in 10% buffered formaldehyde for 24 h for
subsequent analysis of infarction size. Infarcted size was determined by
histological study adapted from the method previously described in Martinez,
P.F et. al. (22). Measurements were taken from midventricular slices (5—6 mm
from the apex), assuming that slices from this point showed a close linear
relation with the sum of the measurements from all heart slices (35). For this,
10-um thick sections of the midventricular slice were cut and stained with
Masson's trichrome stain. Imaged 1.47 software (freeware available at

http://rsbweb.nih.gov/ij/download.html) was used to obtain the length of the

entire endocardial circumference and the segment of the endocardial
circumference made up by the infarcted portion from two midventricular slices of
the left ventricle by manually planimetry. The infartected fraction of the left
ventricle was calculated from these measurements. A researcher blinded to the

hemodynamic data made the infarct size measurements.

Statistical analysis

Data are expressed as mean = SD for each variable and group. The
Shapiko-Wilk test was performed to evaluate normality for all variables. One-
way ANOVA followed by Tukey’s post hoc test was used to compare variables
(body mass, infarct size, heart hypertrophy, pulmonary and hepatic congestion,

hemodynamic and echocardiography variables, VO2max, VCO2max, RER,
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VOagpasal, VO2reserve, distance to run, time to exhaustion, maximal velocity, and
skeletal muscle mass) among groups. Pearson’s correlation test was used to
examine the relationship between infarcted size, right ventricular hypertrophy,
pulmonary congestion, and hemodynamic and echocardiography variables with
VO2max and distance to run in sham and HF rats. A P value <0.05 was
considered statistically significant. GraphPad Prism 5 (Graph-Pad Software,
San Diego, CA, USA) for Windows was used as a computational tool in data

analysis and to create charts.

RESULTS

Mortality and experimental groups (Ml size classification)

The mortality in myocardial infarction surgery groups was ~46% (11/24).
No deaths were observed after sham surgery (0/12) or during other
experimental procedures.

Based on infarcted size determination, the remaining 25 rats were
assigned to one of three experimental groups: sham surgery rats, small
myocardial infarction rats (SMI) and large myocardial infarction rats (LMI). Small
myocardial infarction was defined as Ml size between 10% and 40% of the left
ventricle (10% < MI < 40%) and large myocardial infarction, as Ml size greater
than 40% of the left ventricle (Ml > 40%) (1). The final sample sizes of the
experimental groups were as follows: Sham (n = 12), SMI (n = 8) and LMI (n =

5).
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Body mass, infarct size, heart hypertrophy, pulmonary and hepatic congestion

Body mass, infarct size, heart hypertrophy, and pulmonary and hepatic
congestion data are shown in Table 1. No significant differences were observed
in initial and final body mass among groups. MI size was larger in LMI rats than
in SMI rats. LMI and SMI rats demonstrated higher H/BM compared with
controls. SMI rats demonstrated higher LV/BM compared with sham rats. LMI
rats demonstrated higher RV/BM and pulmonary congestion compared with
sham rats. No significant differences were observed in hepatic congestion

among groups.

Echocardiography

Table 2 presents the values for the evaluation of non-invasive left
ventricular function. Ml rats demonstrated higher left ventricular internal
diameters (LVEdD, LVEsD e LVEdD/BW) and lower FS, EF, and RWT
compared with sham rats. LMI rats showed lower IVSs and diastolic function
impairment (E/A ratio) compared with sham rats. SMI showed lower LVPWs
compared with sham rats. Interestingly, LMI rats showed lower systolic (FS and
EF) and diastolic function (E/A ratio) compared with SMI, suggesting a

decreased in systolic and diastolic function dependent on Ml size.
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Hemodynamic variables

Table 2 presents the values of hemodynamic variables. Ml rats
demonstrated left ventricular systolic and diastolic dysfunction. This fact is
supported by lower LVSP and dP/dtmin and higher LVEDP in SMI and LMI
compared with sham rats. Only LMI demonstrated a dP/dt.ax reduction relative

to sham rats. No significant differences were observed between SMI and LMI.

Oxygen and Carbon Dioxide Uptake

Figure 1 shows the values of oxygen uptake and carbon dioxide
production in sham and Ml rats. Only rats with LMI demonstrated oxygen
uptake impairment compared with sham control rats, suggesting that Ml size is
predictive of gas exchange impairment. The LMI group demonstrated a
reduction in VOzmax (Figure 1B) and VOyreserve (Figure 1C) relative to sham rats.
Also, LMI rats demonstrated a reduction in VO2max relative to SMI rats. No
significant differences were observed in SMI rats in any of the VO, and VCO,
variables. VOgpasal (Figure 1A), VCOonmax (Figure 1D), and RER (Figure 1E)
showed no significant difference in HF rats compared with sham rats,

independently of Ml size.

Exercise tolerance

Values of run distance, time to exhaustion, and maximal velocity of sham

and Ml rats are presented in Figure 2. LMI rats showed lower run distance
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(Figure 2A), time to exhaustion (Figure 2B), and maximal velocity (Figure 2C)
compared with sham rats. Also, LMI rats demonstrated lower maximal velocity
compared with SMI rats. SMI rats showed lower distance to run compared with

sham rats.

Skeletal muscle mass

Table 3 shows the values of gastrocnemius, soleus and plantaris muscle
mass, expressed as muscle index (muscle mass/body mass), in sham and Ml
rats. LMI rats demonstrated lower gastrocnemius mass compared with sham
rats. A trend toward differences were observed in soleus mass among groups
(P =0.0730). No significant differences were observed in plantaris mass among
groups. These data suggest that mainly skeletal muscle composed of slow-
twitch fiber type (mixed gastrocnemius and soleus muscle) was affected in rats

with MI, principally in LMI. No MI effects in fast-twitch muscles were observed.

Correlations between infarcted size, pulmonary congestion, hemodynamic,
echocardiography parameters with VOzmax and distance to run in sham and

heart failure rats

Table 4 shows the correlation between Ml size, LVEDP, right ventricle
hypertrophy, pulmonary congestion, EF and FS with VO,nax and run distance.
Significant correlations were observed between all independent variables with
VOzmax and run distance. Trend towards correlation (P = 0.0733) were observed

between pulmonary congestion (%) with distance to run.
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DISCUSSION

This is the first report to show that O, uptake and exercise tolerance is
impaired only in LMI rats relative to controls. Evidence of this was provided by
lower VO2omax, VOzreserve, time to exhaustion and maximal velocity in LMI
compared with sham rats, with no significant difference in SMI rats compared
with controls. These data suggest that O, uptake and exercise tolerance
variables are Ml size dependent and that the classification of Ml rats based on
MI size can distinguish rats with functional capacity impairment.

As previously described in a well-designed study (31), decrements in
exercise performance (reductions in running time to the point of fatigue and
VO2max) Were found in rats with severe LV dysfunction (LVEDP >20.0 mmHg),
with no decrements in rats with moderate LV dysfunction (LVEDP <20.0
mmHg). Our study demonstrated similar results with VO,nax and exercise
tolerance impairment only in LMI. In therapeutics studies, left ventricular
function (e.g. LVEDP) can be modified; additionally, these measurements are
invasive and can performed only as terminal procedures (Ml evaluation can be
performed by echocardiography at different time points, showing a good
correlation with histology (49)). For these reasons, the classification of M| based
on LVEDP is somewhat limited. Musch, T. I. et. al. (31) classified Ml rats based
on LVEDP and our study showed similar results when Ml rats were classified
based on Ml size, suggesting that the classification based on MI size can be an
alternative to selecting animals with O, uptake and exercise tolerance
impairments and to test novel therapies that can modify this status.

Our study demonstrated an inverse correlation between LVEDP and

VOgmax (r =-0.47; P < 0.05) and distance to run (r =-0.61; P < 0.01) in all rats,
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but only LMI demonstrated functional capacity impairment. Similar results have
previously demonstrated that indexes of exercise performance (VOzmax and time
to exhaustion) were significantly correlated with LVEDP, but only rats with
severe LV dysfunction (LVEDP >20.0 mmHg) demonstrated functional capacity
impairment (31). Additionally, we demonstrated a significant correlation
between other cardiac function variables evaluated noninvasively by
echocardiography (EF and FS) with VO,nax and distance to run. To the best of
our knowledge, only one previous study was able to show a correlation between
functional capacity variables (distance to run) with echocardiography variables
(48). In this way, echocardiography emerges as a powerful noninvasive tool to
serially assess different structural and functional cardiac parameters (19, 22,
41) and was utilized as a method to observe changes in cardiac function during
therapeutic interventions (17, 24, 25, 47) in different animal models of
cardiovascular diseases. We know that functional capacity assessment is long
and strenuous and therefore, the identification of correlations with
echocardiography (a practiced noninvasive technique) can help to extrapolate
functional capacity alterations and characterize the animal model of HF.

Many variables have been proposed to distinguish MI animals with and
without HF. The classification is based on the presence of pleural effusion (40),
a combination of clinical and pathologic HF features, and new proposals, such
as echocardiography classification (22), lung congestion and right ventricular
hypertrophy (10), infracted size (% of the left ventricle) (11) and mainly by left
ventricular end diastolic pressure after hemodynamic evaluation (>20.0 mmHg)
(31, 37). Our study corroborates this studies and shows that some variables are

significantly altered only in LMI or can distinguish SMI and LMI, as follows: right
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ventricular hypertrophy, pulmonary congestion, ejection fraction, fractional
shortening, E/A ratio, and gastrocnemius mass. Additionally, in this context, our
study shows that VOgomax, VO2reserve, time to exhaustion, and maximal velocity
are altered only in LMI and may be good parameters to differentiate Ml rats with
and without HF.

Our study demonstrated that, despite a marked left ventricular systolic
(e.g. EF, FS, LVSP and dP/dtyn) and diastolic (e. g. LVEDP) dysfunction in SMi
and LMI rats, only LMI demonstrated an impairment in O, uptake and exercise
tolerance. Interestingly, this impairment was associated with lower skeletal
muscle mass, mainly in the skeletal muscle composed of slow-twitch fibers
(mixed gastrocnemius and soleus muscle) in LMI rats. Skeletal muscle
composed of slow-twitch fibers are affected in HF (21). Evidence indicates that
HF provokes a muscle fiber type shift from type | to type Il and a reduction in
muscle mass and these alterations can explain, at least in part, the reduced
maximal VO3 in heart failure (42).

VCO; and RER values during the maximal exercise test are poorly
described in HF rats. One study showed that VCO, was reduced in Ml rats
relative to sham rats (~92 ml- kg'-min™ versus ~81 ml- kg'-min™, P < 0.05;
respectively) and no significant differences in RER during the maximal exercise
test was detected between groups (~1.05 for both groups) (27). Another study
reported a VCO, of 74 + 3 ml- kg'-min™ and a RER of 1.10 + 0.01 in Ml rats
(26). Additionally, other studies reported VCO; and RER values in Ml rats
assessed during a submaximal swimming protocol (28, 29) or in instrumented
rats (30). Two classical studies showed RER values in normal rats during

different protocols (7, 51). Thus, despite its importance, little is known about the
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pattern of behavior of VCO;, and RER in the rat model of HF after Ml and the
effects of Ml size. Our results demonstrated no significant difference in VCO,
and RER and no effects of Ml size.

The present study does have limitations that warrant discussion. We used
only one maximal exercise test protocol. In our opinion, different results could
be obtained using an alternative protocol (e.g. inclination) (51). Additionally,
analyzes of O,/CO; gas exchange and exercise tolerance over time and in
different post-MI times are important to determine the time course and the
impact of chronicity of the rat model of Ml on these parameters.

In conclusion, despite the left ventricular systolic and diastolic dysfunction
seen in both SMI and LMI, only LMI demonstrated O, uptake and exercise
tolerance impairment. These results confirm our hypothesis that O, uptake and
exercise tolerance variables were MI size dependent. VCO, and RER
impairment do not seem to be dependent on Ml size. Additionally, our study
suggests that the classification of Ml rats based on Ml size can distinguish rats
with functional capacity impairment, and further differentiate Ml rats with or
without HF. These findings are of particular importance for the testing of novel
therapies that have the potential to modify the variables of functional capacity in
MI rats with prior oxygen uptake and exercise tolerance impairment. LMI rats

(>40% of the left ventricle) may be a good model for this approach.
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FIGURE LEGENDS

Figure 1. Oxygen uptake and dioxide carbon variables of sham and myocardial
infarction (MI) rats. A: Baseline oxygen uptake (VOapasal). B: Maximal oxygen
uptake (VOzmax). C: Oxygen uptake reserve (VOgzresene). D: Maximal dioxide
carbon production (VCOzmax). E: RER (VCO2max’VCO2max). Sham, sham surgery
group (n=12); SMI, small myocardial infarction size (MI<40%) (n=8); LMI, large
myocardial infarction size (MI1>40%) (n=5). Values are means + SD. Statistical
analysis: one-way ANOVA followed by the post hoc test of Tukey. P ANOVA, P
value for ANOVA. Symbols represent the comparison among groups by the

post hoc analysis: *P<0.05 compared to Sham; +P<0.05 compared to SMI.

Figure 2. Exercise tolerance variables of sham and myocardial infarction (MI)
rats. A: Distance to run (m, meters). B: Time to exhaustion (s, seconds). C:
Maximal velocity (m/min, meters per minute). Sham, sham surgery group
(n=12); SMI, small myocardial infarction size (MI<40%) (n=8); LMI, large
myocardial infarction size (MI>40%) (n=5). Values are means + SD. Statistical
analysis: one-way ANOVA followed by the post hoc test of Tukey. P ANOVA, P
value for ANOVA. Symbols represent the comparison among groups by the

post hoc analysis: *P<0.05 compared to Sham; +P<0.05 compared to SMI.
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Figure 1.
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Figure 2.
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6 ARTIGO 3

Maximal oxygen uptake and exercise tolerance are improved in rats with heart

failure subjected to low-level laser therapy associated with resistance training.

(Artigo formatacéao Lasers in Surgery and Medicine; Fator de impacto: 2.619)
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ABSTRACT

Background and Objective: Exercise tolerance and maximal oxygen uptake
(VO2max) are reduced in heart failure (HF). The influence of combined resistance
training (RT) and low-level laser therapy (LLLT) on exercise tolerance and
VO2max in HF has not yet been explored. The aim of this study was to evaluate
the influence of combined RT and LLLT on VO2nax and exercise tolerance in
rats with HF induced by myocardial infarction (Ml).

Study Design/Materials and Methods: Rats were allocated to sedentary sham
(Sed-Sham, n = 12), sedentary heart failure (Sed-HF, n = 9), RT heart failure
(RT-HF, n =7) and RT associated with LLLT heart failure (RT + LLLT-HF, n =7)
groups. After MI or sham surgery, rats underwent a RT and LLLT protocol
(applied immediately after RT) for eight weeks. VO2nmax and exercise tolerance
were evaluated at the end of protocol.

Results: HF rats subjected to LLLT combined with RT showed higher VOypasal
(41%), VO2max (40%), VOzreserve (39%), run distance (46%), time to exhaustion
(30%) and maximal velocity (22%) compared with HF rats that underwent RT
alone.

Conclusions: LLLT associated with RT improved oxygen uptake and exercise

tolerance compared with RT alone in HF rats.

Keywords: Myocardial infarction. Phototherapy. Maximal exercise test.

Functional capacity.
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INTRODUCTION

Despite remarkable progress in the therapeutic approach to patients with
heart failure (HF), exercise intolerance remains one of the hallmarks of this
syndrome (1). Maximal oxygen uptake (VOzmax/VO2peak) measured during
cardiopulmonary exercise testing is a key measurement of functional ability (2)
and is used as a good short-term predictor of mortality in HF patients (3). Many
organs and factors contribute to exercise intolerance in HF (4), with the focus
on skeletal muscle. In this context, the symptoms that characterize HF,
including fatigue, are often directly related to skeletal muscle abnormalities in
HF (5).

Cardiac rehabilitation programs can be useful in clinically stable patients
with HF to improve functional capacity, exercise tolerance, health-related quality
of life, and mortality (6). Aerobic training (AT) has more beneficial effects on
aerobic power and cardiac structure and function than resistance training (RT),
while the latter is more effective for increasing muscle strength and endurance
(7). RT is a muscle contraction performed against a specific opposing force,
thereby generating resistance, such as lifting weights, and is recommend for
cardiac rehabilitation programs (8). However, the effects of RT on VOzmax in HF
patients are not well established (9), with some studies describing no effects
(10-13).

While AT and RT will undoubtedly continue to be at the centre of a well-
formulated rehabilitation program, other adjunctive interventions, which are
presently underutilized in clinical practice, may prove beneficial in patients with

HF (14). Emerge, in the therapeutic context, other non-pharmacological
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therapies that may be an alternative to physical exercise for patients with HF
(15).

Low level laser therapy (LLLT) is the application of light (usually a low-
power laser or LED in the range of 1 mW - 500 mW) to a disease to promote
tissue regeneration, reduce inflammation and relieve pain (16,17). Presently, a
new approach to LLLT had been explored as increased performance during
exercise (17,18). Interestingly, it was evidenced that LLLT increased exercise
performance (VO2max and time to exhaustion) in progressive-intensity running
to exhaustion (19). Recently, LLLT combined with AT increased VOzmax by
reducing proinflammatory cytokines (IL-6 and TNF-a) in aged rats (20). Our
research group showed that LLLT applied to skeletal muscle improves the
inflammatory profile by reducing TNF- a and IL-6 and augmenting IL-10 (21).
Also, we have demonstrated that LLLT attenuates oxidative stress parameters
(24) in HF rats.

To the best of our knowledge, no studies have evaluated the influence of
combined RT and LLLT on VO2nax and exercise tolerance in HF rats. In this
context, we formulated the hypothesis that combined RT and LLLT can increase
VO2max and exercise tolerance compared with RT alone in rats with HF.
Therefore, the aim of this study was to evaluate the influence of combined RT
and LLLT on VOynax and exercise tolerance in rats with HF induced by

myocardial infarction (MI) following descending coronary artery ligation.
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MATERIALS AND METHODS

Animals and experimental groups

This animal experimental controlled study was performed on 48 male
Wistar rats weighing between 220 and 290 g (~70 days of age), obtained from
the Animal Breeding Unit of the Universidade Federal de Ciéncias da Saude de
Porto Alegre (UFCSPA). The rats were housed two or three per cage, and
received food and water ad libitum in an animal room under a 12:12 h light:dark
cycle at 22 °C. All experimental procedures were performed in accordance with
the Guide for the Care and Use of Laboratory Animals published by the National
Institutes of Health (NIH publication no. 85-23, revised in 1996) and were
approved by the UFCSPA Animal Ethic Committee (protocol 059/11).

Rats were initially allocated to one of four experimental groups: sedentary
sham (Sed-Sham, n = 12), sedentary heart failure (Sed-HF, n = 12), resistance
training heart failure rats (RT-HF, n = 12) and resistance training associated

with low-level laser therapy heart failure rats (RT + LLLT-HF, n = 12).

Myocardial infarction induction surgery

A myocardial infarction (MI) rat model was induced following coronary
artery ligation as previously described in other studies from our laboratory
(21,23-25). Briefly, rats were anaesthetized with xylazine (12 mg/kg, ip) and
ketamine (90 mg/kg, ip), intubated, and artificially ventilated (SamWay VR 15)

with a breathing rate of 60 breaths/min and an oxygen inspired fraction of 100
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%. Then, the heart was briefly exposed through left thoracotomy between the
fourth and fifth ribs. In the animals in which Ml was induced, a mononylon
suture 60 was passed around the main left descending coronary artery, at a
point between ~1 and ~2 mm distal to the edge of the left atrium, and the left
coronary was ligated. Sham-operated animals underwent the same procedure
without tying the suture and served as control rats. The thorax was closed, the
skin was sutured with mononylon suture 3-0, and the pneumothorax was
drained using a continuous aspiration system. To reduced algic and
inflammatory effects after surgery process, rats received Turbogesic®
(butorfanol) (0.5 mg/kg; 12/12; i.p.) during the first 24 h. To prevent infection,
rats received a single dose of penicillin (20 000 U; ip). Rats were observed
(vocalization, piloerection, abnormal posture, act of licking and increased
aggression) after drug administration to determine the necessity of analgesic

application.

Experimental design

After MI, rats were allowed a minimum of six weeks to recover (time
necessary to develop the HF state). Sham-operated rats were allowed the same
recovery period (23,26,27). Six weeks after Ml or sham surgery, rats underwent
a RT and LLLT protocol for 8 weeks and a final evaluation of VOzmax and

exercise tolerance (14 weeks after Ml or sham surgery).
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Resistance Training protocol

Training groups underwent a RT protocol previously described by our
research group for HF (23) and normal rats (28,29) in the adapted squat
apparatus for rats (30). Five weeks after Ml, training groups underwent a
familiarization period. Animals were placed in the apparatus and performed 5 to
10 repetitions with 40% to 60% of their body mass, three times per week for one
week. This load was considered low intensity as it had already been
demonstrated that non-trained rats could lift up to three times their body mass
upon first contact with the above-mentioned apparatus (31). After
familiarization, the rats were placed in a neoprene vest, which was left in an
upright position on their lower limbs. An electrical stimulus (4-5 mA, 1's
duration, with a 3 s interval between each repetition) was applied to the rat’s tail
through a surface electrode. As a result, the animals extended their legs
repeatedly, which lifted the weight on the exercise apparatus. As this stimulus is
considered low intensity, it is does not cause any physical injury to the animals
(32). All training sessions were performed in a dark room. The RT program was
based on four sets of 10-12 repetitions, at 65 to 75% of the one repetition
maximum (1RM), a rest period of 90 s between sets, four times per week, for a
total of eight weeks. The animals were exercised at 65% of the 1RM in the first
week and the workload was increased in the next week to 75% of the 1RM. The
intensities of this protocol are classified as moderate and high intensity for the
percentage of 65 to 75% of 1RM according to the guidelines of the American

College of Sports Medicine (33).
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To determine the training workload, all rats were subjected to a 1RM test.
The 1RM was determined as the maximum weight lifted in one complete
repetition using the exercise apparatus with the rat having no capacity to
complete the second repetition in full range of motion. The 1RM test was

performed every two weeks.

Low-level laser protocol

Concurrently with the RT adaptation protocol, the rats underwent LLLT
adaptation for one week. For this, each animal was subjected to gentle handling
procedures that mimicked the LLLT application (30 seconds per day, three days
per week).

Six weeks after Ml or sham operation, the rats were started on the LLLT
protocol or placebo. We developed a new method of low-level laser therapy in
rats that permits the irradiation of large anatomical regions in lower limbs, as
follows. A previously calibrated continuous infrared wave diode laser GaAlAs -
850nm (ISO: 13485, modelo 2779, Chattanooga Group - Intelect® Mobile
Laser) was used. The animals received the irradiation bilaterally (medially and
laterally) at 6 points corresponding to the belly of biceps femoris, gluteus, lateral
and medial gastrocnemius, iliopsoas and adductor longus (Figure 1), totalling
12 points with a total energy of 8.8 J. Table 1 summarizes the LLLT protocol
characteristics, LLLT parameters and the application mode. The energy chosen
(0.735J per point) in this study was based on previously studies by our research
group using similar parameters that found that LLLT improves the inflammatory

profile (21) and reduces oxidative stress (24) in post-MI Wistar rats. All
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experimental animals were irradiated with LLLT immediately after the end of the
RT session, respecting the RT protocol frequency (once per day) and period
(four times per week for eight weeks). The LLLT probe was held stationary in
contact with the skin at a 90° angle, maintaining slight pressure, and the skin
was been shaved and cleaned beforehand (Figure 1). Hair removal minimized
reflection and refraction and consequently, increased the laser’s effectiveness.
Placebo LLLT-exposed animals underwent the same handling procedures,
probe contact and treatment time (~30 s), although the device was switched off

and these animals were used as controls.

Maximal oxygen uptake and exercise tolerance tests

Description of the apparatus: The protocol for maximal oxygen uptake and
exercise tolerance was carried realized in a small animal treadmill equipped
with a metabolic chamber with expired gas analysis (AVS Projetos, Sao Carlos,
SP, Brazil). The metabolic chamber was connected to an air pump that
generated an air flow of ~2500 ml/min and permitted gas aspiration. Maximal
oxygen uptake (VO2zmax) and carbon dioxide production (VCOzmax) Was
continuously monitored during the maximal oxygen uptake and exercise
tolerance tests by an O, and CO; analyser (AVS Projetos, Sdo Carlos, SP,
Brasil). The VO, (mlkg'min™) was calculated by the air flow measured through
the metabolic chamber at ~2500 ml/min, the ambient oxygen fraction (A) and
the body mass of the rat (M [kg]), using the formula: VO, = [2500 x (A-E)]/M, as
previously described (34). The gas analyser and treadmill data was computed

using software (AQCAD version 2.3.9.0, AVS Projetos, S&o Carlos, SP, Brazil)
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allowing the collection of the following data: maximal oxygen uptake (VO2max, Ml
min"'kg™"), basal oxygen uptake (VOapasai, mlmin"'kg™), oxygen uptake reserve
(VOareservel, Ml min"'kg™), distance run (m), time to exhaustion (s) and maximal
velocity (m/min).

Maximal oxygen uptake and exercise tolerance test protocol: Thirteen weeks
after Ml or sham surgery, rats were adapted to apparatus (3 min/d, 10 m/min,
3x/wk) by adapted protocol (35-37). Twenty-four hours after the last RT and
LLLT session, rats underwent maximal oxygen uptake and exercise tolerance
tests carried out based on an incremental speed protocol of exercise until time
to animal exhaustion, as previously described (38). Firstly, each animal was
acclimatized for 15 min in a stopped treadmill, in which basal gas exchange
levels were measured (VOaqpasal). Thereafter, initial speed was stated in 10
m/min and an increment of 5 m/min was applied at every 3-min interval, until the
animal reached exhaustion. Animal exhaustion was established as the time at
which the animal was unable to run for at least 15 s, even while receiving an
electrical shock (1,5 pA). Each test day, the gas analyser was calibrated with a
known gas mixture. The highest values of extracted data measured at the last
step was taken as a measure of VOyonax. The VOapasa Was extracted as the
mean of 30 points (30 s) up to initial speed of the treadmill. The VOzreserve Was
calculated by the formula: VO2max-VOopasai. The running distance, time to
exhaustion and maximal velocity were defined as the maximal distance, time

and velocity at the end of the protocol.
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Echocardiography

Forty-eight hours after the last RT and LLLT session, rats underwent non-
invasive cardiac function evaluation using a commercially available
echocardiograph (GE Vivid |; GE Medical Systems, Israel) equipped with an 8-
13 MHz electronic transducer by a trained operator with experience in small
animal echocardiography. All echocardiographic evaluations were performed by
the same researcher. Echocardiographic examination followed the
recommendations of the American College of Echocardiography (39) and was
guided by an adapted protocol previously reported for resistance training (40)
and myocardial infarction in rats (34,41-44) and for animal guidelines (45,46).
The rats were anaesthetized with xylazine (12 mg/kg, ip) and ketamine (90
mg/kg, ip) and the animals were positioned in lateral decubitus position (45°
angle). An ultrasound transmitted gel was applied in a previously shaved chest
and M-mode tracings were derived from a 2D-mode obtained from parasternal
short-axis views of the LV at three levels: basal (at the tip of the mitral valve
leaflets), middle (at the papillary muscle level) and apical (distal to the papillary
muscle but before the final curve cavity). To cardiac structural parameters the
following structural variables were measured: interventricular septum in diastole
(IVSd, mm), interventricular septum in systole (IVSs, mm), left ventricular end-
diastolic diameter (LVEdD, mm), left ventricular end-systolic diameter (LVEsD,
mm), left ventricular posterior wall in diastole (LVPWd, mm) and left ventricular
posterior wall in systole (LVPWs, mm). The measurements obtained were the
means of at least three cardiac cycles on each of the three levels and the final

value of each rat was the mean of all three described planes. Then, the
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following secondary variables of left ventricular systolic function were obtained:
end diastolic volume (LVEdV (ml) = 1.047(LVEdD)® and end-systolic volume
(LVEsV (ml) = 1.047(LVEsD)?) by cubic or ellipsoid model [45, 46]; left
ventricular ejection fraction (EF (%) = [(LVEdV- LVEsV) — LVEdV] x 100), left
ventricular fractional shortening (FS (%) = [(LVEsD —-LVEsD)/ LVEdD] x 100),
relative wall-thickness (RWT = (IVSd + LVPWd)/LVEdD) and left ventricular
end-diastolic diameter-to-body mass (LVEDD/body mass, mm/kg).

Left ventricular diastolic function was guided by an adapted protocol
previously reported for rats with M| (47). Briefly, mitral diastolic inflow
measurement by pulsed Doppler was obtained from the four-chamber view and
the sample volume was positioned at the tip of the mitral valve to obtain the
mitral diastolic flow velocity, which was used to measure the peak E and A
wave velocities (cm/s) and the ratio between them (E/A ratio). Additionally, the

heart rate was calculated using an average of three consecutive cycle intervals.

Hemodynamic evaluation

Forty-eight hours after the echocardiography, rats underwent
hemodynamic evaluation as previously described by our research group (21,23-
25). Briefly, the animals were anaesthetized with xylazine (12 mg/kg, ip) and
ketamine (90 mg/kg, ip), and a small incision was made in the anterior cervical
region in order to insert a polyethylene catheter (PE-50) connected to a
pressure transducer (strain gauge; Narco Byosystem Miniature Pulse
Transducer RP-155, Houston, TX, USA), coupled to a pressure amplifier

(Stemtech), into the right carotid artery. Then, the catheter was positioned
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inside the left ventricle, and the pulse wave was monitored by graphical
registration of ventricular pressure for 5 min. Analogical pressure signals were
digitized by a data acquisition system (CODAS-Data Acquisition System) with a
sampling rate of 2000 Hz. These recordings were used to assess left ventricular
systolic pressure (LVSP), left ventricular maximum change in pressure over
time (dP/dtmwax), left ventricular minimum change in pressure over time (dP/dmin)
and left ventricular end-diastolic pressure (LVEDP). The last parameter was
determined manually by detecting the point of inflection to the end of diastole

via analysis of the ventricular pressure wave.

Heart hypertrophy, pulmonary and hepatic congestion

Immediately after hemodynamic evaluation, the lungs, liver and heart were
removed and weighed. The lungs and liver of each animal were dehydrated (80
°C) for 48 h and then reweighed to determine the water content. Lung and liver
wet-to-dry mass ratios were used to determine the percentage of water in those
tissues, as an indication of congestion. The right ventricle (RV) and left ventricle
(LV) were dissected, separated and weighed. The heart-to-body mass (H/BM),
LV-to-body mass (LV/BM) and RV-to-body mass (RV/BM) were determined and

used as indicators of heart hypertrophy (21).

Infarcted size determination

Immediately after heart hypertrophy determination, left ventricles were

filled with a latex cushion and placed in 10% buffered formaldehyde for 24 h for
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subsequent analysis of the size of the infarction area. Infarcted size was
determined by histological study adapted from previously a described method
from Martinez, P.F et. al. (41). Measurements were performed in the
midventricular slices (5—6 mm from the apex), assuming that slices from this
point showed a close linear relation with the sum of the measurements from all
heart slices (48). Accordingly, 10-um thick sections of the midventricular slice
were cut and stained with Masson's trichrome stain. The Imaged 1.47 software

(freeware available at http://rsbweb.nih.gov/ij/download.html) was used to

obtain the length of the entire endocardial circumference and of the segment of
the endocardial circumference made up by the infarcted portion from two
midventricular slices of the left ventricle by manually planimetry. The fraction of
the left ventricle that was infarcted was calculated from these measurements.

The infarct size was made without knowledge of hemodynamic data.

Statistical analysis

Data are expressed as mean = SD for each variable and group. The
Shapiko-Wilk test was performed to evaluate normality for all variables. One-
way ANOVA followed by Tukey’s post hoc test was used to compare variables
(body mass, infarct size, heart hypertrophy, pulmonary and hepatic congestion,
echocardiography, hemodynamic, oxygen consumption and exercise tolerance
variables) between groups. A P value <0.05 was considered statistically
significant. GraphPad Prism 5.0 (Graph-Pad Software, San Diego, CA, USA) for
Windows was used as a computational tool in data analysis and to construct

charts.
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RESULTS

Mortality and adverse effect

Mortality of MI-induce surgery was approximately 30% (11/36). No deaths
were observed in sham surgery (12/12). Two HF rats that underwent RT died
during the RT protocol (undefined cause). In the sham groups, there were no
deaths during the study period. No deaths or behaviours associated with stress
were identified in rats that participated in the LLLT protocol.

The final sample size was Sed-Sham (n = 12), Sed-HF (n =9), RT-HF (n =

7)and RT + LLLT-HF (n = 7).

Body mass, infarct size, heart hypertrophy, pulmonary and hepatic congestion

No significant differences were observed in initial body mass and final
body mass among experimental groups. Infarcted size was similar in all HF rats,
suggesting a homogenous sample among HF rats. HF rats showed an
increased in H/BM and LV/BM compared to sham rats. RV/BM was higher in
Sed-HF rats than in Sed-Sham rats. No significant difference was observed in
RV/BM between resistance training HF rats and sham rats, suggesting that RT
normalized right ventricular hypertrophy in HF rats. Pulmonary congestion was
higher in the Sed-HF group than in the Sed-Sham group. No significant
difference was observed in pulmonary congestion among resistance trained HF

rats and sham rats, suggesting that RT normalized pulmonary congestion in HF
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rats. No significant differences were observed in hepatic congestion between
experimental groups. No LLLT effects were observed in body mass, heart
hypertrophy or pulmonary and hepatic congestion among groups. Table 2
summarizes the body mass, infarct size, heart hypertrophy, pulmonary and

hepatic congestion data.

Echocardiography

HF rats demonstrated an obvious left ventricular systolic and diastolic
dysfunction (Table 3). HF rats demonstrated an increase in left ventricular
internal diameters (LVEsD and LVEdD) and LVEdD/BW and a decrease in
interventricular septum (IVSs and 1VSd) and LVEPWTs compared with sham
rats, resulting in a decreased in RWT. Additionally, FS and EF were higher in
HF rats than in sham rats. RT was capable of increasing interventricular septum
(IVSs and IVSd) and posterior wall thickness (LVEPWTs and LVEPWTd) and
RWT in HF rats compared with sedentary HF rats. No RT effects were observed
in left ventricular internal diameters, FS or EF. Related to diastolic function,
Sed-HF rats demonstrated an increased in E/A ratio compared with sham rats.

RT was capable to decrease E/A in HF rats compared to sedentary ones.

Hemodynamic data

Table 4 shows the data for invasive cardiac function evaluation in

experimental groups. HF rats demonstrated higher LVEDP and lower LVSP,

dP/dtnax and dP/dt,i, compared with Sed-Sham rats. RT was capable of



156

reducing LVEDP in HF rats relative to sedentary HF rats, with no effects on
LVSP, dP/dtmax and dP/dtnin. No LLLT effects were observed on hemodynamic

variables.

Oxygen Uptake

VOazpasal, VO2max and VOqreserve Values of sedentary, RT and LLLT rats are
demonstrated in Figure 2. After the protocol, RT + LLLT-HF rats showed higher
VOgpasal cOmpared to Sed-HF and RT-HF rats (Figure 2A). No significant
difference was observed in RT-HF compared with Sed-HF rats in the VOgzpasal
variable. VO2max Was lower in Sed-HF and RT-HF rats than in Sed-Sham rats.
Interestingly, RT + LLLT-HF rats showed higher VO2nax compared with Sed-HF
and RT-HF rats (Figure 2B). VOzreserve Was higher in RT + LLLT-HF rats than in
Sed-HF rats. No significant difference was observed in RT-HF compared with
Sed-HF rats (Figure 2C). In summary, these data suggested that RT
adaptations alone showed no effects on VOopasal, VO2max, and VOoreserve;

however, when LLLT was combined with RT, VO,nax increased in HF rats.

Exercise Tolerance

Figure 3 shows the values of run distance (Figure 3A), time to exhaustion
(Figure 3B) and maximal velocity (Figure 3C) in sedentary, RT and LLLT heart
failure and sham rats. Sed-HF and RT-HF rats showed lower distance run, time
to exhaustion and maximal velocity compared to Sed-Sham rats. Interestingly,

RT + LLLT-HF rats demonstrated longer run distance, time to exhaustion and
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maximal velocity compared with Sed-HF and RT-HF rats. In summary, these
data suggest that RT alone presented no effects on exercise tolerance variables
(distance run, time to exhaustion and maximal velocity), but when LLLT was

added to RT, exercise tolerance in HF rats increased.

DISCUSSION

This is the first study to show that LLLT combined with RT improves
oxygen uptake and exercise tolerance in HF rats. The evidence of this effect
was provided by higher O, uptake (VO2pasai, VO2max and VOzreserve) and exercise
tolerance (run distance, time to exhaustion and maximal velocity) variables in
HF rats subjected to eight weeks of LLLT in combination with a RT protocol
compared with sedentary and RT alone groups.

In the present study, an increase in O, uptake and exercise tolerance
variables was evident after a LLLT plus RT protocol. A lack of similar studies on
the influence of LLLT on O, uptake and exercise tolerance variables in HF
greatly limits the comparison of our results. One study has shown that the use
of LLLT before progressive-intensity running exercise increases exercise
performance (VOzmax and time to exhaustion) without changing the aerobic and
anaerobic thresholds in healthy subjects (19). A previous pilot study in our
research laboratory shows that LLLT improves VOzmax and distance to run in
healthy Wistar rats in a dose-dependent manner (data not published). In other
diseases, phototherapy with a combination of super-pulsed lasers and LEDs
prior to exercise also led to decreased dyspnea and fatigue in the lower limbs in

patients with chronic obstructive pulmonary disease (COPD) (49). Additionally,
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one clinical trial was registered to explore the effects of light-emitting diodes on
muscle fatigue and exercise tolerance in patients with COPD (50). In this
context, an increasing body of evidence has been reported regarding the
positive effects of phototherapy on the increase in VOsnax and aerobic
physiological variables.

Our understanding of the mechanisms behind the effects of LLLT on
exercise performance has progressed in recent years. These mechanisms are
related to energy metabolism (mitochondrial bioenergetics, enzymatic
modulation), reactive oxygen species and reactive nitrogen species, repair of
muscle damage and gene expression effects (expression and/or suppression of
essential specific genes for augmented physical performance) (18). Specifically,
LLLT and LEDT have been used to neutralize ROS produced during physical
exercise. This neutralization might improve mitochondrial function, which
contributes to the reduction of muscle fatigue and could therefore increase
muscle performance (18). In this context, a clear improvement was reported in
muscle performance, energy metabolism, defence against oxidative stress and
repair/proliferation with different regimens of LEDT applied to muscles in
conjunction with a training regimen in healthy mice (51). In addition, a clinical
study suggested that modulation of the redox system by LLLT might be related
to the delay in skeletal muscle fatigue observed after the use of LLLT (19).

Another mechanistic approach showed that TNF-a, IL-1B and IL-6 gene
expression are reduced in skeletal muscles of a Duchene muscular dystrophy
mouse model after skeletal muscle LLLT irradiation (52). Recently, it has been
shown that LLLT in conjunction with AT may increase VOzmax by reducing the

inflammatory markers (IL-6 and TNF-a) in aged rats (20). Our research group
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demonstrated previously that LLLT improves the inflammatory profile (reduction
in TNF-a and IL-6 and increase in IL-10 in skeletal muscle) (21) and reduces
oxidative stress (24) in HF rats. Since LLLT showed no effect in systolic or
diastolic left ventricular function or in pulmonary congestion, we speculated that
the mechanism of action beyond the improvement in exercise tolerance of HF
rats is primarily peripheral and is possibly related to inflammatory and oxidative
stress profile imbalance. This mechanism is strengthened by the fact that the
reduction in exercise tolerance in HF, aside from central mechanisms, is related
to changes in peripheral skeletal muscle (5), increased cytokine levels (53) and
oxidative stress (54), which contributes to HF myopathy. Also, a recent study
revealed that LLLT induces a fibre type-dependent increase in cytochrome ¢
oxidase in muscle fibres, showing that LLLT is particularly effective at
enhancing the aerobic capacity of intermediate and red fibres (55). It is likely
that these adaptations may explain, at least in part, the VOzmnax improvement
observed in the present study.

MI following coronary artery ligation in rats is an extensively used animal
model in pathophysiological (56) and therapeutic studies of HF (21,25).
However, the general observation of studies that evaluate the functional
capacity variables (run time to fatigue, distance run and VO2nax) in post-Ml rats
is controversial (38,57). These results make it difficult to conclude whether or
not the rat model of HF following MI can truly induce a reduction in functional
capacity. In the present study, HF rats demonstrated a marked reduction in
VO2max and exercise tolerance. Additionally, HF rats demonstrated a distinct
reduction in VOazpasa and VOzreserve. These last parameters are poorly described

in the rat model of MI (58) and represent a new finding obtained from our study.
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Here, Ml rats demonstrated marked left ventricular systolic (reduced PSV,
dP/dtmax, dP/dtmin EF and FS) and diastolic (elevated LVEDP and E/A ratio)
dysfunction together with a reduction in O, uptake and exercise tolerance
variables. The large myocardial infarction (approximately 40%) (59,60) shown in
the present study allows us to conclude that the rats presented severe HF.

The effects of RT on VOzmax and exercise capacity are not well
established. Positive effects have been described (61-63) and reported (8), with
some studies describing no effects (10-13) or indicating small or no changes
(64). Specifically, RT in HF patients showed no effect on VOy,eak and a trend
toward treadmill time to exhaustion (13). Similarly, our RT protocol alone
showed no effects on VOz,max and exercise tolerance variables (e.g. time to
exhaustion) in HF rats.

Previously, our research group demonstrated that eight weeks of
moderate-to-high intensity RT (65-75% of 1RM) promotes an improvement in
cardiac function and strength gain in HF rats (23). The present study was based
on the same protocol and showed that RT was capable of increasing
interventricular septum (IVSs and 1VSd) and posterior wall thickness (LVEPWTs
and LVEPWTd) and RWT in HF rats compared with sedentary HF rats, with no
effects on left ventricular internal diameters, FS and EF. Likewise, in a study
that evaluated the ventricular function and cardiac hypertrophy in healthy rats
undergoing a RT program, an increase was observed in the interventricular
septum and the free posterior wall mass with no reduction in the end-diastolic
left ventricular internal diameter, and no significant difference in systolic function
during the RT period. In this case, RT seems to induce the development of

concentric cardiac hypertrophy without ventricular dysfunction (40). In HF
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patients, RT shows no change in the left ventricular diameter or ejection fraction
(13). Related to diastolic function, in addition to decreased LVEDP, our study
show that RT was capable of decreasing E/A in HF rats compared with
sedentary rats. Similar results were reported in another study by our group that
observed an improvement in diastolic function expressed as a reduction in
LVEDP (23). No LLLT effects were observed in diastolic or systolic function.

The present study does have limitations that warrant discussion, but do
not invalidate the results. The absence of biomarker analysis precludes more
profound conclusions regarding the mechanisms of action of LLLT behind the
improvement in VO2max and exercise tolerance in HF rats. Our research group
and others have published evidence in support of mechanisms that underlie
improvements in VO, and exercise tolerance (e. g. inflammatory and oxidative
stress modulation), which strengthens our main findings.

In conclusion, this study is the first report on the effects of phototherapy in
combination with resistance training in VO2nax and exercise tolerance in HF
syndrome. The addition of LLLT to a RT protocol improved VO,nax and exercise
tolerance in HF rats compared with RT alone. Non-pharmacological therapies
other than exercise may be an alternative (15) and we demonstrated that a
simple and inexpensive strategy such as LLLT might be associated with a
resistance training protocol as a new nonpharmacological way to improve

VO2max parameters and exercise tolerance in HF rats.
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FIGURE LEGENDS

Figure 1. Low-level laser therapy cluster application in heart failure rats. The
phototherapy was applied medially (A) and laterally (B) of both hind limbs in
three sites of each region corresponding to iliopsoas, adductor longus and
medial gastrocnemius (C) and biceps femoris, gluteus and lateral

gastrocnemius, (D) respectively.

Figure 2. Oxygen uptake variables of sedentary, resistance training and low-
level laser therapy rats. A: Basal oxygen uptake (VOazpasal). B: Maximal oxygen
uptake (VO2max). C: Oxygen uptake reserve (VOgresene). Sed-Sham, sedentary
sham group (n=12); Sed-HF, sedentary heart failure group (n=9); RT-HF,
resistance training heart failure group (n=7); and RT+LLLT-HF, resistance
training plus low level laser therapy heart failure group (n=7). Values are in
mean + SD. Statistical analysis: one-way ANOVA followed by the post hoc test
of Tukey. P value for ANOVA. Symbols represent the comparison among
groups by the post hoc analysis: *P<0.05 compared to Sed-Sham; 1P<0.05

compared to Sed-HF; 1P<0.05 compared to RT-HF.

Figure 3. Functional capacity variables in sedentary, resistance training and
low-level laser therapy rats. A: Distance run (m, meters). B: Time to exhaustion
(s, seconds). C: Maximal velocity (m/min, meters/minute). Sed-Sham,
sedentary sham group (n=12); Sed-HF, sedentary heart failure group (n=9); RT-
HF, resistance training heart failure group (n=7); and RT+LLLT-HF, resistance

training plus low level laser therapy heart failure group (n=7). Values are in
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mean + SD. Statistical analysis: one-way ANOVA followed by the post hoc test
of Tukey. P value for ANOVA. Symbols represent the comparison among
groups by the post hoc analysis: *P<0.05 compared to Sed-Sham; P<0.05

compared to Sed-HF; 1P<0.05 compared to RT-HF.
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Figure 1.
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Figure 2.
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Figure 3.
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Low-level Laser Therapy Enhances the Skeletal Muscle Strength Gain
Promoted by Resistance Training in Rats with Heart Failure after Large

Myocardial Infarction

(Artigo formatacao Circulation: Heart Failure; Fator de impacto: 5.867)
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ABSTRACT

Background: The aim of this study was to evaluate the influence of combined
resistance training (RT) and low-level laser therapy (LLLT) on maximal strength
in rats with heart failure (HF) induced by myocardial infarction (Ml).

Methods and Results: Wistar rats were assigned to groups as follows:
sedentary sham rats (Sed-Sham, n = 8), sedentary rats with HF (Sed-HF, n =
7), rats with HF subjected to RT (RT-HF, n = 7) and rats with HF subjected to
combined RT and LLLT (RT + LLLT-HF, n = 7). Six weeks after MI, rats
underwent a RT (4 days per week) and LLLT protocol (GaAlAs 850 nm, after
RT, bilaterally in hind limbs) for 8 weeks. HF rats demonstrated a large Ml size
(~46%). RT improved diastolic function, expressed as a reduction in left
ventricular end-diastolic pressure (~50%), and normalized the E/A ratio in HF
compared with sedentary rats. Maximal strength gain was higher in RT + LLLT-
HF rats (~71%) than in RT-HF rats (~52%, P < 0.05). Gastrocnemius mass was
higher in the HF animals that underwent RT than the in the Sed-HF animals
(~11%, P < 0.05). Maximal strength gain was correlated with left ventricular
end-diastolic pressure (r = -0.69, P < 0.001) and gastrocnemius mass (r = 0.47,
P < 0.04).

Conclusions: LLLT combined with RT increases maximal strength gain

compared with RT alone in large MI-HF rats.

Keywords: Phototherapy. Strength training. One maximum repetition test.

Echocardiography.
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INTRODUCTION

Heart failure (HF) has become a worldwide epidemic of the 21st century
with an increasing impact on healthcare systems ! Although initially viewed as
a pure cardiac problem, HF in fact becomes a multi-system disorder as the
disease progresses % 3. Skeletal muscle HF myopathy plays a key role in the
syndrome and loss of skeletal muscle mass occurs early in the disease course
and is clinically relevant . HF can reduce whole-body muscle strength, which
can affect patient quality of life . Additionally, muscle strength is an important
predictor of long-term survival in severe HF °,

It has been demonstrated that resistance training (RT) was able to
increase quadriceps strength, which was accompanied by an improvement in
clinical status, quality of life and exercise capacity in patients with stable HF ®,
These findings support the hypothesis that muscle weakness is a determinant
of physical disability in HF and shows that non-pharmacological interventions
that augment muscle strength, such as RT, may reduce physical disability 4,
Consequently, therapies that improve maximal strength during rehabilitation
programs in HF patients are remarkably beneficial.

Low-level laser therapy (LLLT) has emerged as a tool to improve exercise
performance in humans " 8. A clinical study demonstrated that RT associated
with LLLT applied to the quadriceps muscle of both lower limbs immediately
after the end of each training session can increase muscle strength compared
with strength training only in healthy subjects °, Additionally, LLLT applied
before eccentric training sessions seems to improve the hypertrophic response

and muscular strength gains in healthy subjects 10, Recently, an animal study
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demonstrated that phototherapy applied over the leg, gluteus and lower-back
muscles increased muscle performance in mice subjected to strength training,
suggesting a potential application of phototherapy in training programs ",

Previous reports by our research group provided evidence that LLLT
applied to skeletal muscle for 10 consecutive days improves the inflammatory
profile '? and oxidative stress ' in HF rats. However, no functional evaluation
was performed to observe the impact of inflammatory and oxidative stress
modulation in the functional capacity of an HF rat model following myocardial
infarction (Ml).

To the best of our knowledge, no studies have evaluated the influence of
combined RT and LLLT on maximal strength gain in the rat model of HF
induced by MI. Therefore, we hypothesized that RT followed by LLLT could
increase maximal strength gain compared to RT alone in rats with HF. Thus, the
aim of this study was to evaluate the influence of combined RT and LLLT on

maximal strength gain in rats with HF induced by large MI.

MATERIALS AND METHODS

This animal experimental controlled study was based on the ARRIVE

(Animals in Research: Reporting In Vivo Experiments) guideline ™.

Sample Size Calculation, Animals and Ethical Approval

For sample size calculation, we used the relative values for one repetition

maximal test (the main outcome of this study) obtained from a previous study by
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our research group in HF rats '° as follows: minimum detectable difference in
means of 1.7; expected standard deviation of residuals of 1.0; desired power of
0.80; and type 1 error rate of 0.05. The final sample size was 9 animals per
experimental group. Considering an expected mortality of ~35-40% in Ml
surgery > " and of ~10% in sham surgery (data not reported) the final
sample size was 15 animals per HF group and 10 animals per sham group.
Therefore, this study was performed with 55 male Wistar rats weighing
between 220 and 300 g (~70 days of age), obtained from the Animal Breeding
Unit of the Universidade Federal de Ciéncias da Saude de Porto Alegre
(UFCSPA). The rats were housed two or three animals to a cage, and received
food and water ad libitum in an animal room under a 12:12-h light—dark cycle, at
22 °C. The study protocol followed the ethical rules established by the Guide for
Care and Use of Experimental Animals published by the National Institutes of
Health (NIH publication no. 85—-23, revised in 1996). All procedures outlined in
this study were approved by the UFCSPA Animal Ethic Committee (protocol

059/11).

Experimental Design

Fifty-five rats were assigned to one of four experimental groups: sedentary
sham rats (Sed-Sham, n = 10), sedentary rats with heart failure (Sed-HF, n =
15), rats with heart failure subjected to resistance training (RT-HF, n = 15) and
rats with heart failure subjected to resistance training combined with low-level

laser therapy (RT + LLLT-HF, n = 15). After allocation to experimental groups,
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the animals were subjected to experimental procedures. Figure 1 shows the

time-line diagram of the study design.

Animal Model of Heart Failure

The rat model of HF was induced by MI, following ligation of the coronary
artery as previously described in our laboratory ' ' > Briefly, rats were
anaesthetized with xylazine (12 mg/kg, ip) and ketamine (90 mg/kg, ip),
intubated, and artificially ventilated (SamWay VR 15) with a breathing rate of 60
breaths per minute and an oxygen inspired fraction of 100%. Then, the heart
was briefly exposed through a left thoracotomy between the fourth and fifth ribs.
In this study, we intended to develop a large MI (>40% of the left ventricle). As
previously described, without exception, distal ligations resulted in small infarct
sizes and proximal ligations resulted in large infarctions '8 Therefore, in the
animals in which M| was induced, a mononylon suture 6-0 was passed around
the main left descending coronary artery, at a point between ~1 and ~2 mm
distal to the edge of the left atrium, and the left coronary was ligated in order to
produce large Ml areas 19, Sham-operated animals underwent the same
procedure without tying the suture and served as control rats. The thorax was
closed, the skin was sutured with mononylon suture 3-0, and the pneumothorax
was drained using a continuous aspiration system. To reduce pain and
inflammatory effects after surgery, rats received Turbogesic® (butorfanol) (0.5
ma/kg; 12/12; i.p.) during the first 24 h. To prevent infection, rats received a

single dose of penicillin (20 000 U; ip). Rats were observed (vocalization,
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piloerection, abnormal posture, act of licking and increased aggression) after
drug administration to determine the necessity of analgesic supplementation.
After MI, rats were allowed a minimum of 6 weeks to recover to develop

the HF state. Sham operation rats were allowed the same recovery period "> 2

21

Resistance Training Protocol

Training groups underwent RT according to the protocol previously

escribed for heart failure "> and normal rats <=
d bed for heart failure ' and | rats 2% %3

in the adapted apparatus for
RT %. Five weeks after M, training groups underwent a familiarization in the
adapted apparatus. The animals were placed in the apparatus and performed 5
to 10 repetitions with a resistance of 40% to 60% of their body weight, three
times per week for one week. This load was considered low intensity as it has
already been demonstrated that non-trained rats can lift up to three times their
body weight upon first contact with the referred apparatus 25 After
familiarization and 6 weeks after MI, the rats were placed in a neoprene vest
leaving it in an upright position on their lower limbs. An electrical stimulus (4-5
mA, of duration 1 s, with a 3 s interval between repetitions) was applied to the
rat’s tail through a surface electrode. As a result, the animals extended their
legs repeatedly, which lifted the weight on the exercise apparatus. As this
electrical stimulus is considered low intensity, it does not cause any physical
injury to the animals % All training sessions were performed in a dark room.

The RT program was based on 4 sets of 10—12 repetitions, 65% to 75% of the

one repetition maximum test (1RM) (after the 1RM test, the animals were
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exercised at 65% of the 1RM in the first week and the workload was increased
in the next week to 75% of the 1RM), a rest period of 90 s between sets, 4
times per week, for a total of 8 weeks. The intensities of this protocol are
classified as moderate and high intensity for the percentage of 65% to 75% of

1RM according to the guidelines of the American College of Sports Medicine #’.

Training Workload and Maximal Strength Determination

To determine the training workload and the maximal strength, we
reproduced a methodology previously described for HF '° and normal rats 2. All
rats were subjected to a 1RM test. The 1RM was determined as the maximum
weight lifted in one repetition with the exercise apparatus while being unable to
lift the second repetition in full range of motion. The 1RM test was performed
every 2 weeks as follows: first 1RM (1st 1RM), 6 weeks after Ml and 1° week of
RT; second 1RM (2nd 1RM), 8 weeks after and 3° week of RT; third 1RM (3rd
1RM), 10 weeks after and 5° week of RT; fourth 1RM (4th 1RM), 12 weeks after
and 7° week of RT. All 1RM tests were normalized to body mass 1RM/BM
(grams lifted per gram of BM) and used as the maximal strength parameter.
Maximal strength gain was calculated using the formula: ATRM/BM (%) = [(4°
1RM - 1°1RM) / 1° 1RM] x 100; and expressed the percentage change in
1RM/BM after 6 weeks of resistance training and LLLT protocol. All training
workload and maximal strength determinations were made by a single

researcher, who was blinded to the allocation group of each animal.

Low-Level Laser Irradiation Protocol
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On the same days and immediately after the RT adaptation protocol, the
rats underwent LLLT adaptation for one week. For this step, each animal was
gently submitted to handling procedures that simulated the LLLT application (30
seconds per day, 3 days per week).

Six weeks after MI or sham operation, the rats were started on the LLLT
protocol or placebo. A previously calibrated continuous infrared wave diode
laser GaAlAs - 850nm (ISO: 13485, model 2779, Chattanooga Group -
Intelect® Mobile Laser) was used. The animals received irradiation bilaterally
(medially and laterally) at 6 points that corresponded to the belly of the biceps
femoris, gluteus, lateral and medial gastrocnemius, iliopsoas and adductor
longus, totalizing 12 points with a total energy of 8.8 J. Table 1 summarizes the
LLLT protocol characteristics, LLLT parameters and application mode. The
energy chosen (0.735 J per point) in this study was based on previous studies
by our research group using similar parameters that showed a beneficial impact
in post-MI Wistar rats ' '3. All experimental animals were irradiated with LLLT
immediately after the end of RT session, respecting the RT protocol frequency
(once per day) and period (4 times per week for 8 weeks). The LLLT probe was
held stationary in contact with the skin at a 90° angle, maintaining slight
pressure, after shaving and cleaning of the skin. Hair removal minimized
reflection and refraction, and consequently, increased the laser’s effectiveness.
Placebo LLLT animals underwent the same handling procedures and probe
contact although the device was switched off during the same time of treatment

(~30 s). These animals were used as controls.
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Echocardiography

Forty-eight hours after the last RT and LLLT sessions, rats underwent
non-invasive cardiac evaluation using a commercially available
echocardiograph (GE Vivid |; GE Medical Systems, Israel) equipped with an 8-
13 MHz electronic transducer by a trained operator with experience in small
animal echocardiography. All echocardiographic evaluations were performed by
the same operator. Echocardiographic examination followed the
recommendations of the American College of Echocardiography % and used a
sequence of measurements adapted from protocols previously reported for RT

30-34 and for animal guidelines ** *®. The rats

29 and myocardial infarction rats
were anaesthetized with xylazine (12 mg/kg, ip) and ketamine (90 mg/kg, ip)
and positioned thereafter in the lateral decubitus position (45° angle). An
ultrasound transmission gel was applied to the previously shaved chest and M-
mode tracings were derived from 2D-mode images obtained from parasternal
short-axis views of the LV at three levels: basal (at the tip of the mitral valve
leaflets), middle (at the papillary muscle level) and apical (distal from the
papillary muscle but before the final curve of the LV cavity). The following
structural variables were measured: interventricular septum in diastole (IVSd,
mm), interventricular septum in systole (IVSs, mm), left ventricular end-diastolic
diameter (LVEdD, mm), left ventricular end-systolic diameter (LVEsD, mm), left
ventricular posterior wall in diastole (LVPWd, mm) and left ventricular posterior
wall in systole (LVPWs, mm). The measurements obtained were the mean of at

least three cardiac cycles on each of the three levels and the final value of each

rat was the mean of all three described planes. Then, the following secondary
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variables were computed: end diastolic volume (LVEdV (ml)= 1.047(LVEdD)?
and end-systolic volume (LVEdV (ml) =1 .047(LVEsD)3) by cubic or ellipsoid
model [35, 36]; left ventricular mass (LV mass = (((LVEdD + IVSd + LVPWd)* —
LVEdD?) x 1.04) x 0.8 + 0.14 g.) by cubic formula using the correction factor
implemented by Devereux [36]; left ventricular ejection fraction (EF (%) =
[(LVEdV - LVEsV) — LVEdV] x 100); left ventricular fractional shortening (FS
(%) = [(LVEsD — LVEsD) / LVEdD] x 100); and relative wall-thickness (RWT =
(IVSd + LVPWd) / LVEdD).

Cardiac remodelling was evaluated by the LV mass to volume ratio (LV
mass / LVEdV). Briefly, when an increase in LV mass occurs, it can be caused
by eccentric hypertrophy (increased mass and increased LVEdV, without an
increase in LV mass-to-volume ratio) or by concentric hypertrophy (increased
mass without an increased LVEdV, increasing LV mass-to-volume ratio 28

Left ventricular diastolic function was evaluated using a previously
reported protocol 3, Briefly, mitral diastolic inflow measurements were obtained
by pulsed Doppler from the four-chamber view, with sample volume positioned
at the tip of the mitral valve to obtain the early (E-wave, cm/sec) and late (A-
wave, cm/sec) mitral diastolic flow velocities, both waves were used to calculate
the E/A ratio. Additionally, the heart rate was calculated using an average of

three consecutive cycle intervals.
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Hemodynamic Evaluation

Forty-eight hours after the echocardiogram, the rats underwent
hemodynamic evaluation as previously described "> '* 117 Briefly, the animals
were anaesthetized with xylazine (12 mg/kg, ip) and ketamine (90 mg/kg, ip),
and a small incision was made in the anterior cervical region in order to insert a
polyethylene catheter (PE-50) connected to a pressure transducer (strain
gauge; Narco Byosystem Miniature Pulse Transducer RP-155, Houston, TX,
USA), coupled to a pressure amplifier (Stemtech), into the right carotid artery.
Then, the catheter was positioned inside the left ventricle, and the pulse wave
was monitored by graphical registration of ventricular pressure for 5 min.
Analogical pressure signals were digitalized by a data acquisition system
(CODAS-Data Acquisition System) with a sampling rate of 2000 Hz. These
recordings were used to compute left ventricular systolic pressure (LVSP), left
ventricular maximum change in pressure over time (dP/dinax), left ventricular
minimum change in pressure over time (dP/dtnin), left ventricular end-diastolic
pressure (LVEDP) and left ventricular developed-pressure (LVPdev = LVSP -
LVEDP). LVEDP was determined manually by detecting the point of inflection in

the end of diastole via analysis of the ventricular pressure wave.

Skeletal Muscle Sample Collection

Immediately after hemodynamic evaluation, the rats were euthanized by

decapitation and the gastrocnemius and soleus (right side) were collected and
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weighed. The skeletal muscle index (muscle mass/body mass) was calculated

for each muscle.

Cardiac Hypertrophy, Pulmonary and Hepatic Congestion

After skeletal muscle sample collection, the lungs, liver and heart were
removed and weighed. The lungs and liver of each animal were dehydrated (80
°C) for 48 h and then reweighed to determine their water content. Lung and liver
wet-to-dry weight ratios were used to determine the percentage of water in
those tissues, as an indication of congestion. The right ventricle (RV) and left
ventricle (LV) were dissected, separated and weighed. The heart-to-body mass
(H/BM), LV-to-body mass (LV/BM) and RV-to-body mass (RV/BM) were

determined and used as an indication of cardiac hypertrophy 12,

Infarcted Size Determination

Immediately after heart weighing, left ventricles were filled with a latex
cushion and placed in 10% buffered formaldehyde for 24 h for subsequent
analysis of the size of the infarction area. Infarcted size was determined by
histological evaluation adapted from the method previously described by
Martinez, P.F. et al. *'. Measurements were performed in the midventricular
slices (5—6 mm from the apex), assuming that slices from this point show a
close linear relation with the sum of the measurements from all heart slices *.
Accordingly, 10 um thick sections of the midventricular slice were cut and

stained with Masson's trichrome stain. ImagedJ 1.47 software was used to obtain
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the length of the entire endocardial circumference and that segment of the
endocardial circumference made up by the infarcted portion from two
midventricular slices of the left ventricle by manual planimetry. The fraction of
the LV that was infarcted was calculated from these measurements. All infarct
size measurements were made by a single technician who was blinded to

hemodynamic data and group assignments.

Statistical Analysis

Data are expressed as mean = SD for each variable and group. The
Shapiro-Wilk test was performed to evaluate normality for all variables. One-
way ANOVA followed by Tukey’s post hoc test was used to compare variables
among groups (body mass, infarct size, cardiac hypertrophy, pulmonary and
hepatic congestion, hemodynamic and echocardiography variables, maximal
strength percentage change after RT and LLLT protocol and skeletal muscle
mass). Two-way repeated measures ANOVA followed by Tukey’s post hoc test
was used to compare maximal strength among groups at different experimental
times. Pearson’s correlation test was used to examine the relationship between
muscle mass parameters, maximal strength and maximal strength gain and
hemodynamic variables in heart failure rats. A P value <0.05 was considered
statistically significant. GraphPad Prism 5.0 (Graph-Pad Software, San Diego,
CA, USA) for Windows was used as a computational tool in the data analysis
and to construct charts. SigmaPlot 11.0 (Systat Software Inc., San Jose, CA,
USA) and SPSS 21.0 (IBM Corporation, Armonk, NY, USA) for Windows were

used for complementary analysis.
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RESULTS

Mortality, Exclusion Criteria and Adverse Effects

The mortality in Ml-induced surgery was ~40% (18/45) and in sham
surgery was ~10% (1/10), with a total mortality after surgeries in all groups of
~35% (19/55). Only animals that concluded all experimental procedures were
included in the statistical analysis. We consider in this study only animals with
large MI (>40%) ' *°. Therefore, left ventricular hemodynamic parameters were
not measured in two rats: Sham-Sed (1) and HF-Sed (1); three rats displayed
an Ml area <40%: HF-Sed (1) and HF-RT (2); two rats did not complete 75% of
the RT protocol due to the presence of respiratory distress: HF-RT (1) and HF-
RT + LLLT (1); and were excluded from the study. The remaining rats formed
the experimental group as follows: Sham-Sed (n = 8), HF-Sed (n = 7), HF-RT (n
=7)and HF-RT + LLLT (n = 7). No deaths were identified in rats from RT or

LLLT groups.

Body Mass, Infarct Size, Cardiac Hypertrophy, Pulmonary and Hepatic

Congestion

Table 2 summarizes these data. Initial and final body masses were similar
between groups, as were infarct sizes, suggesting that all infarcted groups
developed HF syndrome similarly. Rats with HF had a higher H/BM and LV/BM

compared with sham rats. RV/BM, pulmonary and hepatic water percentage
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were increased in the Sed-HF rats relative to the Sed-Sham rats. The HF-RT
and HF-RT + LLLT groups showed RV/BM, pulmonary and hepatic water
percentages that were similar to those of the Sham-Sed group. These data
suggest that RT and LLLT prevented the right ventricle hypertrophy and
pulmonary and hepatic congestion that occurred in the HF-Sed group. However,
the interventions did not prevent the increase in heart-to-body mass and left

ventricle-to-body mass ratios generated by HF.

Echocardiography and Hemodynamic Evaluation

Rats with HF demonstrated an increase in LV cavity (LVEdV and LVEsV)
and a reduction in IVSs and RWT (Table 3), without an increase in LV mass-to-
volume ratio, indicating a pattern of eccentric hypertrophy (Figure 2B). The HF
model generated a significant left ventricular systolic dysfunction, expressed by
a reduced LVSP, dP/dtmax, dP/dtnin, LVPdev, EF and FS (Table 3), and severe
left ventricular diastolic dysfunction, expressed by a markedly increased LVEDP
(>20 mmHg) and E/A ratio (Figure 2A and 2C, respectively). RT reversed the
IVS and PW thinning and increased the RWT (Table 3) and LV mass/volume
ratio (Figure 2B), indicating that RT can protect against eccentric hypertrophy in
the HF group. RT showed a trend toward improvement in systolic function (EF
and FS), but without statistical significance (Table 3). Additionally, RT
decreased the LVEDP and E/A ratio compared with the HF group, indicating an
improvement in diastolic dysfunction (Figure 2A and 2C, respectively). No RT

effects were observed in other hemodynamic parameters, such LVSP, dP/dfmax
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and dP/dt.n HF-RT + LLLT showed no additional effect on structural and left

ventricular systolic and diastolic function, as compared with RT alone.

Maximal Strength Over Time

Figure 3A shows the maximal strength (1RM/BM) changes over time (1st
1RM, 2nd 1RM, 3rd 1RM and 4th 1RM) during the RT and LLLT protocol in the
experimental groups. No significant differences were observed in the first test of
1RM among all groups. In the second 1RM test, intervention groups (RT-HF
and RT + LLLT-HF) showed higher maximal strength compared to sedentary
groups (Sed-Sham and Sed-HF). In intragroup analysis, RT-HF and RT + LLLT-
HF showed a progressive increase in maximal strength in all experimental

times.

Individual Performance of Animals and Groups Before and After Interventions in

Maximal Strength

The individual performance of animals/groups in maximal strength tests
before (1st 1RM) and after (4th 1RM) sedentary, resistance training and LLLT
periods are presented in Figure 3B. No significant differences were observed in
Sed-Sham and Sed-HF groups between 1st 1RM and 4th 1RM. The RT-HF
group showed higher values in the last 1RM compared with the first 1RM and a
significant relative gain. The RT + LLLT-HF group showed higher values in the
last 1RM compared with the first 1RM and a more pronounced percentage

relative gain compared with the RT-HF group.
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Maximal Strength Gain (percentage change after resistance training and LLLT

protocol)

Figure 4 shows the maximal strength gain expressed in percentage
change of 1RM/BM after 8 weeks of resistance training and LLLT protocol
(A1RM/BM) in the experimental groups. No significant difference was observed
between Sed-Sham and Sed-HF groups. Resistance training (HF-RT and HF-
RT+LLLT) groups showed a higher maximal strength gain compared with
sedentary groups (Sed-HF and Sed-Sham). Interestingly, the percentage
change in RM/BM after intervention was higher in the HF-RT + LLLT group
(~71%) than in the HF-RT group (~52%), suggesting that LLLT associated with
resistance was able to increase the maximal strength gain compared to

resistance training alone in heart failure rats.

Skeletal Muscle Mass

Figure 5 shows the values of skeletal muscle index (muscle mass/body
mass) of gastrocnemius (Fig. 5A) and soleus (Fig. 5B). Gastrocnemius index is
lower in the Sed-HF animals than the Sed-Sham animals. Gastrocnemius mass
index was higher in the HF animals that underwent RT (RT-HF and RT+LLLT-
HF groups) than in the Sed-HF animals. No additional effects were observed in
the RT + LLLT-HF group compared with RT alone in gastrocnemius mass

index. There were no significant differences in soleus index among groups.
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Correlations Between Central (hemodynamic) and Peripheral (muscle mass)

Parameters with Maximal Strength in Rats with Heart Failure

Figure 6 shows the correlation between LVEDP and skeletal muscle index
(gastrocnemius) with maximal strength measured by the last RM/BM and
maximal strength gain measured by percentage change after the RT protocol
and LLLT protocol in HF rats. We observed a significant correlation between
LVEDP and the last 1RM/BM (Figure 6A; r = -0.59, P < 0.01) and between
LVEDP and maximal strength gain (Figure 6B; r = -0.69; P < 0.001).
Additionally, we observed a significant correlation between the gastrocnemius
index and the last 1RM/BM (Figure 6C; r = 0.78, P < 0.001) and the maximal

strength gain (Figure 6D; r = 0.47; P = 0.04).

DISCUSSION

To the best of our knowledge, this is the first experimental study to
describe an increase in maximal strength gain after LLLT combined with RT,
versus RT alone in large MI-HF rats. The evidence of this effect was
demonstrated by a higher percentage change in 1RM/BM after 6 weeks of
intervention in the LLLT associated with RT rats (~71%) than in RT alone rats
(~52%). In addition, the present study demonstrated that RT improves diastolic
function, expressed as a reduction in LVEDP (~50%) and normalization of E/A
ratio, in HF rats compared to sedentary rats. Similar results were observed in a
previously study published by our research group, in which a decrease of 68%

in LVEDP in HF rats subjected to an identical RT protocol was demonstrated 12,
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Our results are similar to those reported in animal studies, which
demonstrated that LLLT associated with RT increased values of the maximal
resistance test in normal rats *° and muscle performance in normal mice "".
Furthermore, clinical studies demonstrated that LLLT in combination with RT
increased muscle strength when compared with RT alone in healthy subjects °.
The results of maximal strength gain in HF rats subjected to RT and LLLT have
important implications in the context of HF therapy. Muscle strength is
remarkably reduced in HF patients * and is a predictor of long-term survival in
this syndrome °. Daily activities, such as lifting objects, rising from a seated
position and climbing stairs are strongly dependent on muscle strength * and
thus, muscular strength impacts the capacity of HF patients to perform daily
tasks *'. Since muscle weakness is a determinant of physical disability in HF
patients, interventions that increase muscle strength diminish physical disability
in this population 4 In this context, therapies that improves maximal strength
during rehabilitation programs in HF patients should be beneficial.

A significant negative correlation between LVEDP with maximal strength (r
=-0.59, P < 0.01) and with maximal strength gain (r = -0.69; P < 0.001) was
observed. The data suggest that an increase in maximal strength can improve
diastolic function in HF rats. Additionally, a significant correlation between
gastrocnemius index with maximal strength (r = 0.47, P = 0.04) and maximal
strength gain (r = 0.65, P < 0.01) was observed. Our findings suggest that the
higher maximal strength in HF rats that underwent RT may be, in part,
explained by the increase in gastrocnemius mass.

Our initial hypothesis was that LLLT improves skeletal muscle mass in a

fibre type-dependent manner. Soleus muscle is composed mainly of slow-twitch
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fibres (i.e., type I) 3% %2

and gastrocnemius is composed mainly of fast-twitch
fibres (i.e., type lla e IIb) ***°. Some studies have further classified fast-twitch
gastrocnemius into oxidative red fibre (Gastrocnemius red), glycolytic white fibre
(Gastrocneiumus white) and mixed red and white fibre (Gastrocnemius mixed)
3 Hayworth, C. R. et al. * showed that in vivo, LLLT induced a dose- and fibre
type-dependent increase in cytochrome oxidase activity in muscle fibres and
LLLT was particularly effective at enhancing the aerobic capacity of
intermediate and red fibres. However, no additional LLLT effects were observed
in skeletal muscle mass.

Similar to our results, a clinical study demonstrated that RT associated
with LLLT can increase muscle performance compared with RT only, without
increases in thigh perimeter between groups °. On the other hand, a clinical
study demonstrated that subjects who underwent LLLT applied before eccentric
training sessions reached significantly higher percent changes in quadriceps
muscle thickness assessed by ultrasonography compared with subjects who
underwent eccentric training only ' An animal study demonstrated that the
skeletal muscle mass of the LLLT group was 37.5% higher than that of the
control group 4" The authors concluded that LLLT has the potential to decrease
the progression of myocyte apoptosis in sarcopenic muscles in aged rats.
Another animal study showed that significant increases were noted in the
muscle volume of the phototherapy group compared with the control group in
ovarectomized rats *®.

As shown, no additional LLLT effects to RT were observed in
systolic/diastolic left ventricular function or skeletal muscle mass in HF rats. We

speculated that the higher muscle strength gains observed in the HF-RT + LLLT
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group versus the RT only group was due peripheral mechanisms, such as
inflammation and oxidative stress. Our research group has demonstrated
previously that LLLT improved the inflammatory profile, expressed as a
reduction in TNF-a and IL-6 and an increase in IL-10 myokines in the skeletal
muscle of Ml rats '?. Additionally, we demonstrated that LLLT changed the
oxidative balance in the skeletal muscle of HF rats '°. Other studies

49, 50

demonstrated the ability of LLLT to modulate inflammatory and oxidative

°4.%5 and reactive oxygen species *° play a

stress biomarkers °'°%, Inflammation
key role in skeletal muscle myopathy in HF syndrome, which may be highly
important to the development of mitochondrial dysfunction " The enhancement
in muscle performance by phototherapy may be also explained by the increase
in cytochrome c oxidase activity and ATP concentration in skeletal muscle " as
well mechanisms involving phosphocreatine resynthesis and lactate oxidation
by mitochondria ”. In this context, we believe that the increase in maximal
strength gain after LLLT associated with RT compared with RT alone in HF rats,
in the absence of skeletal muscle mass improvement, are strongly associated
with inflammatory and oxidative stress processes and also with the modulation
of energy metabolism and an improvement in mitochondrial function.
Additionally, our study demonstrated that RT was capable of increasing
interventricular septum (IVSs and 1VSd) and posterior wall thickness (LVEPWTs
and LVEPWTd) and RWT in HF rats compared with sedentary HF rats. Related
to systolic function, our study shows no effects in left ventricular internal
diameters, FS and EF, LVSP, dP/dtmnax, dP/dtmin. However, a previous study

performed in our laboratory demonstrated an increase in LVSP, dP/dtax,

dP/dtmin in HF rats subjected to an 8 week RT protocol ° We speculated that
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this discrepant result is due to the Ml size. We selected only animals with large
MI (>40%) and it seems that the RT is not capable of normalizing systolic

function parameters in rats with severe HF.

CONCLUSIONS

In conclusion, this study demonstrates that LLLT associated with RT
increases maximal strength gain compared with RT alone in large MI-HF rats,
which confirms our hypothesis that RT followed by LLLT increases maximal
strength gain. Considering that skeletal muscle strength is reduced and directly
impacts functional capacity, interventions that improve maximal strength are

beneficial in HF.
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FIGURE LEGENDS

Figure 1. Time-line diagram of the study design. MI: myocardial infarction; RT:
resistance training; LLLT: low-level laser therapy; 1st 1RM: first one repetition
maximum test; 2nd 1RM: second one repetition maximum test; 3rd 1RM: third

one repetition maximum test; 4th 1RM: fourth one repetition maximum test.

Figure 2. A: Left ventricular end-diastolic pressure (LVEDP); B: Left ventricular
mass to volume ratio (LV mass/volume); and C: Early (E wave) and late (A
wave) ratio from mitral flow (E/A ratio). Sed-Sham, sedentary sham group (n=8);
Sed-HF, sedentary heart failure group (n=7); RT-HF, resistance training heart
failure group (n=7); and RT+LLLT-HF, resistance training associated with low
level laser therapy heart failure group (n=7). Values are means + SD. Statistical
analysis: one-way ANOVA and Tukey as post hoc. *P<0.05 compared to Sed-

Sham; 7P<0.05 compared to Sed-HF.

Figure 3. A: Maximal strength changes over the time. Values are means + SD.
Statistical analysis: two-way repeat measure ANOVA and Tukey as post hoc.
*P<0.05 RT groups compared to own baseline; 1P<0.05 RT groups compared
to all own times; $P<0.05 RT groups compared Sed groups at the same time
point. B: Individual performance of animals/groups in maximal strength before
and after interventions. P value represent the within group comparison obtained
by two-way repeated measure ANOVA. Sed-Sham, sedentary sham group
(n=8); Sed-HF, sedentary heart failure group (n=7); RT-HF, resistance training
heart failure group (n=7); and RT+LLLT-HF, resistance training associated with

low level laser therapy heart failure group (n=7).
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Figure 4. Maximal strength gain after 6 weeks of resistance training and LLLT
protocol. Sed-Sham, sedentary sham group (n=8); Sed-HF, sedentary heart
failure group (n=7); RT-HF, resistance training heart failure group (n=7); and
RT+LLLT-HF, resistance training associated with low level laser therapy heart
failure group (n=7). Values are means + SD. Statistical analysis: one-way
ANOVA and Tukey as post hoc. *P<0.05 compared to Sed-Sham; P<0.05

compared to Sed-HF; 1P<0.05 compared to RT-HF.

Figure 5. Skeletal muscle mass of A: Gastrocnemius and B: Soleus. Sed-
Sham, sedentary sham group (n=8); Sed-HF, sedentary heart failure group
(n=6); RT-HF, resistance training heart failure group (n=6); and RT+LLLT-HF,
resistance training associated with low level laser therapy heart failure group
(n=7) for all skeletal muscles. Values are means + SD. Statistical analysis: one-
way ANOVA and Tukey as post hoc. *P<0.05 compared to Sed-Sham; +P<0.05

compared to Sed-HF.

Figure 6. Correlations between hemodynamic and muscle mass parameters
with maximal strength in Sed-HF, black circles (o), RT-HF, light gray circles (*)
and RT+LLLT-HF, dark gray circles (e) rats. A: LVEDP with 4th RM/BM. B:
LVEDP with maximal strength gain. C: Gastrocnemius index with 4th RM/BM.
D: Gastrocnemius index with maximal strength gain. Statistical analysis:

Pearson’s correlation test.
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Figure 2.
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Figure 4.
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8 CONCLUSOES

A presente tese, por meio de trés estudos experimentais inéditos e uma revisao
sistematica com meta-analise em animais, conclui que:

- 0 modelo animal (ratos) de IC induzida por IAM reduz sistematicamente o
VOomax, 0 tempo de permanéncia em esteira e a distancia percorrida quando
comparado a ratos controle;

- 0 VO, e a intolerancia ao exercicio sdo dependentes da area de infarto do
miocardio e a classificacdo de ratos baseada no tamanho da area de infarto do
miocardio pode distinguir ratos com comprometimento da capacidade funcional e,
assim, diferenciar ratos com IC ou sem IC;

- a TLBI (aplicada na musculatura esquelética) associada ao TF aumenta o
VO2max € a tolerancia ao exercicio (distancia percorrida e tempo de permanéncia em
esteira) comparada ao TF isolado em ratos com IC apds indugéo do IAM,;

- a TLBI (aplicada na musculatura esquelética) associada ao TF aumenta o
ganho de forgca maximo comparada ao TF isolado em ratos com IC e grande area de
IAM.

De forma genérica, nossos resultados mostram que as variaveis de VO, e de
tolerancia ao exercicio sao dependentes do tamanho do infarto do miocardio. Assim,
animais com grandes tamanhos de infarto (>40%) sdo um bom modelo para testar
novas terapias que possam promover alteracbes em variaveis de capacidade
funcional em ratos primariamente com intolerancia ao exercicio.

Em destaque, nossos resultados contribuem de forma significativa para o
entendimento dos efeitos da TLBI associada ao TF nos parametros de capacidade
funcional na IC. Nossa hipétese de que a TLBI pode ser adicionada a protocolos de
TF com o objetivo de aumentar a forga maxima, o VOzmax € a tolerancia ao exercicio
na IC, foi comprovada em animais. Estudos clinicos sdo necessarios para testar os
efeitos da combinacdo da TLBIl e o TF como uma nova terapia ndo farmacologica
capaz de aumentar a capacidade funcional na IC.



236
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10 ANEXO 2 - NORMAS DA REVISTA HEART FAILURE REVIEWS

MANUSCRIPT SUBMISSION

Manuscript Submission

Submission of a manuscript implies: that the work described has not been published before; that it is not under consideration
for publication anywhere else; that its publication has been approved by all co-authors, if any, as well as by the responsible
authorities — tacitly or explicitly — at the institute where the work has been carried out. The publisher will not be held legally
responsible should there be any claims for compensation.

Permissions

Authors wishing to include figures, tables, or text passages that have already been published elsewhere are required to obtain
permission from the copyright owner(s) for both the print and online format and to include evidence that such permission has
been granted when submitting their papers. Any material received without such evidence will be assumed to originate from

the authors.

Online Submission

Please follow the hyperlink “Submit online” on the right and upload all of your manuscript files following the instructions

given on the screen.

TITLE PAGE

Title Page

The title page should include:
The name(s) of the author(s)
A concise and informative title
The affiliation(s) and address(es) of the author(s)
The e-mail address, telephone and fax numbers of the corresponding author

Abstract

Please provide an abstract of 150 to 250 words. The abstract should not contain any undefined abbreviations or unspecified

references.

Keywords

Please provide 4 to 6 keywords which can be used for indexing purposes.

TEXT

Text Formatting

Manuscripts should be submitted in Word.
Use a normal, plain font (e.g., 10-point Times Roman) for text.

Use italics for emphasis.
Use the automatic page numbering function to number the pages.

Do not use field functions.
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Use tab stops or other commands for indents, not the space bar.

Use the table function, not spreadsheets, to make tables.

Use the equation editor or MathType for equations.

Save your file in docx format (Word 2007 or higher) or doc format (older Word versions).

Manuscripts with mathematical content can also be submitted in LaTeX.
LaTeX macro package (zip, 182 kB)

Headings

Please use no more than three levels of displayed headings.

Abbreviations

Abbreviations should be defined at first mention and used consistently thereafter.

Footnotes

Footnotes can be used to give additional information, which may include the citation of a reference included in the reference
list. They should not consist solely of a reference citation, and they should never include the bibliographic details of a
reference. They should also not contain any figures or tables.

Footnotes to the text are numbered consecutively; those to tables should be indicated by superscript lower-case letters (or
asterisks for significance values and other statistical data). Footnotes to the title or the authors of the article are not given
reference symbols.

Always use footnotes instead of endnotes.

Acknowledgments

Acknowledgments of people, grants, funds, etc. should be placed in a separate section on the title page. The names of funding
organizations should be written in full.

SCIENTIFIC STYLE

Please always use internationally accepted signs and symbols for units (SI units).

Nomenclature: Insofar as possible, authors should use systematic names similar to those used by
Chemical Abstract Service or [UPAC.

Genus and species names should be in italics.

Generic names of drugs and pesticides are preferred; if trade names are used, the generic name should be

given at first mention.
Please use the standard mathematical notation for formulae, symbols, etc.:
Italic for single letters that denote mathematical constants, variables, and unknown quantities

Roman/upright for numerals, operators, and punctuation, and commonly defined functions or abbreviations, e.g.,
cos, det, e or exp, lim, log, max, min, sin, tan, d (for derivative)

Bold for vectors, tensors, and matrices.

REFERENCES

Citation

Reference citations in the text should be identified by numbers in square brackets. Some examples:
1. Negotiation research spans many disciplines [3].
2. This result was later contradicted by Becker and Seligman [5].
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3. This effect has been widely studied [1-3, 7].

Reference list

The list of references should only include works that are cited in the text and that have been published or accepted for
publication. Personal communications and unpublished works should only be mentioned in the text. Do not use footnotes or
endnotes as a substitute for a reference list.
The entries in the list should be numbered consecutively.
o Journal article
Gamelin FX, Baquet G, Berthoin S, Thevenet D, Nourry C, Nottin S, Bosquet L (2009) Effect of high intensity
intermittent training on heart rate variability in prepubescent children. Eur J Appl Physiol 105:731-738. doi:
10.1007/s00421-008-0955-8
Ideally, the names of all authors should be provided, but the usage of “et al” in long author lists will also be
accepted:
Smith J, Jones M Jr, Houghton L et al (1999) Future of health insurance. N Engl ] Med 965:325-329
o Article by DOI
Slifka MK, Whitton JL (2000) Clinical implications of dysregulated cytokine production. J Mol Med.
doi:10.1007/s001090000086
o Book
South J, Blass B (2001) The future of modern genomics. Blackwell, London
° Book chapter
Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise of modern genomics, 3rd edn. Wiley,
New York, pp 230-257
o Online document
Cartwright J (2007) Big stars have weather too. IOP Publishing PhysicsWeb.
http://physicsweb.org/articles/news/11/6/16/1. Accessed 26 June 2007
° Dissertation
Trent JW (1975) Experimental acute renal failure. Dissertation, University of California
Always use the standard abbreviation of a journal’s name according to the ISSN List of Title Word Abbreviations, see

o ISSN.org LTWA
If you are unsure, please use the full journal title.
For authors using EndNote, Springer provides an output style that supports the formatting of in-text citations and reference
list.
EndNote style (zip. 2 kB)
Authors preparing their manuscript in LaTeX can use the bibtex file spbasic.bst which is included in Springer’s LaTeX

macro package.

TABLES
° All tables are to be numbered using Arabic numerals.
° Tables should always be cited in text in consecutive numerical order.
° For each table, please supply a table caption (title) explaining the components of the table.
o Identify any previously published material by giving the original source in the form of a reference at the

end of the table caption.

o Footnotes to tables should be indicated by superscript lower-case letters (or asterisks for significance
values and other statistical data) and included beneath the table body.



ARTWORK AND ILLUSTRATIONS GUIDELINES

Electronic Figure Submission

Supply all figures electronically.

Indicate what graphics program was used to create the artwork.

For vector graphics, the preferred format is EPS; for halftones, please use TIFF format. MSOffice files are

also acceptable.

Vector graphics containing fonts must have the fonts embedded in the files.

Name your figure files with "Fig" and the figure number, e.g., Figl.eps.

Line Art
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Definition: Black and white graphic with no shading.

Do not use faint lines and/or lettering and check that all lines and lettering within the figures are legible at

final size.

All lines should be at least 0.1 mm (0.3 pt) wide.

Scanned line drawings and line drawings in bitmap format should have a minimum resolution of 1200 dpi.

Vector graphics containing fonts must have the fonts embedded in the files.
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Halftone Art

Definition: Photographs, drawings, or paintings with fine shading, etc.

If any magnification is used in the photographs, indicate this by using scale bars within the figures
themselves.

Halftones should have a minimum resolution of 300 dpi.
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Definition: a combination of halftone and line art, e.g., halftones containing line drawing, extensive
lettering, color diagrams, etc.

Combination artwork should have a minimum resolution of 600 dpi.
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Color Art

Color art is free of charge for online publication.

If black and white will be shown in the print version, make sure that the main information will still be
visible. Many colors are not distinguishable from one another when converted to black and white. A simple way to
check this is to make a xerographic copy to see if the necessary distinctions between the different colors are still
apparent.

If the figures will be printed in black and white, do not refer to color in the captions.

Color illustrations should be submitted as RGB (8 bits per channel).

Figure Lettering

To add lettering, it is best to use Helvetica or Arial (sans serif fonts).
Keep lettering consistently sized throughout your final-sized artwork, usually about 2—3 mm (812 pt).

Variance of type size within an illustration should be minimal, e.g., do not use 8-pt type on an axis and
20-pt type for the axis label.

Avoid effects such as shading, outline letters, etc.

Do not include titles or captions within your illustrations.

Figure Numbering

All figures are to be numbered using Arabic numerals.

Figures should always be cited in text in consecutive numerical order.

Figure parts should be denoted by lowercase letters (a, b, c, etc.).

If an appendix appears in your article and it contains one or more figures, continue the consecutive
numbering of the main text. Do not number the appendix figures,
"Al, A2, A3, etc." Figures in online appendices (Electronic Supplementary Material) should, however, be numbered

separately.

Figure Captions

Each figure should have a concise caption describing accurately what the figure depicts. Include the
captions in the text file of the manuscript, not in the figure file.

Figure captions begin with the term Fig. in bold type, followed by the figure number, also in bold type.

No punctuation is to be included after the number, nor is any punctuation to be placed at the end of the
caption.

Identify all elements found in the figure in the figure caption; and use boxes, circles, etc., as coordinate
points in graphs.

Identify previously published material by giving the original source in the form of a reference citation at
the end of the figure caption.

Figure Placement and Size

Figures should be submitted separately from the text, if possible.

When preparing your figures, size figures to fit in the column width.

For most journals the figures should be 39 mm, 84 mm, 129 mm, or 174 mm wide and not higher than
234 mm.

For books and book-sized journals, the figures should be 80 mm or 122 mm wide and not higher than 198



245

Permissions

If you include figures that have already been published elsewhere, you must obtain permission from the copyright owner(s)
for both the print and online format. Please be aware that some publishers do not grant electronic rights for free and that
Springer will not be able to refund any costs that may have occurred to receive these permissions. In such cases, material
from other sources should be used.

Accessibility

In order to give people of all abilities and disabilities access to the content of your figures, please make sure that

All figures have descriptive captions (blind users could then use a text-to-speech software or a text-to-
Braille hardware)

Patterns are used instead of or in addition to colors for conveying information (colorblind users would
then be able to distinguish the visual elements)

Any figure lettering has a contrast ratio of at least 4.5:1

COLOR ILLUSTRATIONS

Publication of color illustrations is free of charge.

ELECTRONIC SUPPLEMENTARY MATERIAL

Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other supplementary files to be published
online along with an article or a book chapter. This feature can add dimension to the author's article, as certain information

cannot be printed or is more convenient in electronic form.

Submission

Supply all supplementary material in standard file formats.

Please include in each file the following information: article title, journal name, author names; affiliation
and e-mail address of the corresponding author.

To accommodate user downloads, please keep in mind that larger-sized files may require very long

download times and that some users may experience other problems during downloading.

Audio, Video, and Animations

Resolution: 16:9 or 4:3
Maximum file size: 25 GB
Minimum video duration: 1 sec

Supported file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, mpeg, flv, mxf, mts, m4v, 3gp

Text and Presentations

Submit your material in PDF format; .doc or .ppt files are not suitable for long-term viability.
A collection of figures may also be combined in a PDF file.

Spreadsheets

Spreadsheets should be converted to PDF if no interaction with the data is intended.
If the readers should be encouraged to make their own calculations, spreadsheets should be submitted as
xls files (MS Excel).



246

Specialized Formats

Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica notebook), and .tex can also
be supplied.

Collecting Multiple Files

It is possible to collect multiple files in a .zip or .gz file.

Numbering

If supplying any supplementary material, the text must make specific mention of the material as a citation,
similar to that of figures and tables.
Refer to the supplementary files as “Online Resource”, e.g., "... as shown in the animation (Online
" occ

Resource 3)", ... additional data are given in Online Resource 4”.
Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”.

Captions

For each supplementary material, please supply a concise caption describing the content of the file.

Processing of supplementary files

Electronic supplementary material will be published as received from the author without any conversion,

editing, or reformatting.

Accessibility

In order to give people of all abilities and disabilities access to the content of your supplementary files, please make sure that
The manuscript contains a descriptive caption for each supplementary material
Video files do not contain anything that flashes more than three times per second (so that users prone to

seizures caused by such effects are not put at risk)

AUTHOR DISCLOSURES

All authors must disclose all institutional or corporate/commercial relationships going back 36 months, or to the time of the
data collection if the data were collected longer than 3 years ago, that might pose a conflict of interest. The Journal should
also be informed if any conflicts of interest arise after submission and before publication of the paper. Institutional
affiliations and funding sources that supported the specific paper submitted (from any grant, funding source, or commercial
interest including pharmaceutical or device companies) are to be indicated as an unnumbered footnote on the title page. The
disclosure statement in the manuscripts is in addition to the information signed to in the Copyright Transfer Statement.

The Disclosures section should appear as a separate section immediately before the references. The Disclosure section is
required for submission. If the authors have nothing to disclose, state this in the section for each author, listing each author by
name.

The Disclosure section should include all corporate/commercial relationships that might pose a conflict of interest, e.g., all of
the authors’ relationships with all pharmaceutical or device companies. This includes such things as all consultantships,
honoraria, stock ownership, gifts, free or reimbursed travel/vacations, equity interests, arrangements regarding patents or
other vested interests, etc. (not just those immediately related to this specific paper or to the pharmaceutical or device
company sponsoring the submitted paper). If a specific author has no financial relationships with any pharmaceutical or
device company, it must be so stated in the Disclosure section. Papers submitted without an Author Disclosure will be

returned without being reviewed.
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When preparing the Author Disclosure, make sure to list all authors by name. Also, make sure to use the following format for
authors who have nothing to disclose: “Drs. A, B, and C have no conflicts of interest or financial ties to disclose.”
Here is an example of a disclosure statement: Dr. A has an equity interest in. . . . Dr. B is on the speakers’ bureau of. . . . Drs.

C, D. and E have no conflicts of interest or financial ties to disclose.

ETHICAL STANDARDS

Manuscripts submitted for publication must contain a statement to the effect that all human and animal studies have been
approved by the appropriate ethics committee and have therefore been performed in accordance with the ethical standards
laid down in the 1964 Declaration of Helsinki and its later amendments.

It should also be stated clearly in the text that all persons gave their informed consent prior to their inclusion in the study.
Details that might disclose the identity of the subjects under study should be omitted.

These statements should be added in a separate section before the reference list. If these statements are not applicable,
authors should state: The manuscript does not contain clinical studies or patient data.

The editors reserve the right to reject manuscripts that do not comply with the above-mentioned requirements. The author

will be held responsible for false statements or failure to fulfill the above-mentioned requirements

DOES SPRINGER PROVIDE ENGLISH LANGUAGE SUPPORT?

Manuscripts that are accepted for publication will be checked by our copyeditors for spelling and formal style. This may not
be sufficient if English is not your native language and substantial editing would be required. In that case, you may want to
have your manuscript edited by a native speaker prior to submission. A clear and concise language will help editors and
reviewers concentrate on the scientific content of your paper and thus smooth the peer review process.
The following editing service provides language editing for scientific articles in all areas Springer
publishes in:

Edanz English editing for scientists

Use of an editing service is neither a requirement nor a guarantee of acceptance for publication.

Please contact the editing service directly to make arrangements for editing and payment.
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ETHICAL RESPONSIBILITIES OF AUTHORS
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This journal is committed to upholding the integrity of the scientific record. As a member of the Committee on Publication
Ethics (COPE) the journal will follow the COPE guidelines on how to deal with potential acts of misconduct.
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Authors should refrain from misrepresenting research results which could damage the trust in the journal, the professionalism
of scientific authorship, and ultimately the entire scientific endeavour. Maintaining integrity of the research and its
presentation can be achieved by following the rules of good scientific practice, which include:

° The manuscript has not been submitted to more than one journal for simultaneous consideration.

o The manuscript has not been published previously (partly or in full), unless the new work concerns an
expansion of previous work (please provide transparency on the re-use of material to avoid the hint of text-
recycling (“self-plagiarism™)).

° A single study is not split up into several parts to increase the quantity of submissions and submitted to

various journals or to one journal over time (e.g. “salami-publishing™).
. No data have been fabricated or manipulated (including images) to support your conclusions

o No data, text, or theories by others are presented as if they were the author’s own (“plagiarism™). Proper
acknowledgements to other works must be given (this includes material that is closely copied (near verbatim),
summarized and/or paraphrased), quotation marks are used for verbatim copying of material, and permissions are

secured for material that is copyrighted.

Important note: the journal may use software to screen for plagiarism.

o Consent to submit has been received explicitly from all co-authors, as well as from the responsible
authorities - tacitly or explicitly - at the institute/organization where the work has been carried out, before the
work is submitted.

° Authors whose names appear on the submission have contributed sufficiently to the scientific work and

therefore share collective responsibility and accountability for the results.

In addition:

Changes of authorship or in the order of authors are not accepted after acceptance of a manuscript.

Requesting to add or delete authors at revision stage, proof stage, or after publication is a serious matter
and may be considered when justifiably warranted. Justification for changes in authorship must be compelling and
may be considered only after receipt of written approval from all authors and a convincing, detailed explanation
about the role/deletion of the new/deleted author. In case of changes at revision stage, a letter must accompany the
revised manuscript. In case of changes after acceptance or publication, the request and documentation must be sent
via the Publisher to the Editor-in-Chief. In all cases, further documentation may be required to support your request.
The decision on accepting the change rests with the Editor-in-Chief of the journal and may be turned down.
Therefore authors are strongly advised to ensure the correct author group, corresponding author, and order of
authors at submission.

Upon request authors should be prepared to send relevant documentation or data in order to verify the
validity of the results. This could be in the form of raw data, samples, records, etc.
If there is a suspicion of misconduct, the journal will carry out an investigation following the COPE guidelines. If, after
investigation, the allegation seems to raise valid concerns, the accused author will be contacted and given an opportunity to
address the issue. If misconduct has been established beyond reasonable doubt, this may result in the Editor-in-Chief’s
implementation of the following measures, including, but not limited to:

If the article is still under consideration, it may be rejected and returned to the author.

If the article has already been published online, depending on the nature and severity of the infraction,
either an erratum will be placed with the article or in severe cases complete retraction of the article will occur. The
reason must be given in the published erratum or retraction note.

The author’s institution may be informed.

COMPLIANCE WITH ETHICAL STANDARDS

To ensure objectivity and transparency in research and to ensure that accepted principles of ethical and professional conduct
have been followed, authors should include information regarding sources of funding, potential conflicts of interest (financial
or non-financial), informed consent if the research involved human participants, and a statement on welfare of animals if the
research involved animals.
Authors should include the following statements (if applicable) in a separate section entitled “Compliance with Ethical
Standards™ when submitting a paper:

Disclosure of potential conflicts of interest
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Research involving Human Participants and/or Animals

Informed consent
Please note that standards could vary slightly per journal dependent on their peer review policies (i.e. single or double blind
peer review) as well as per journal subject discipline. Before submitting your article check the instructions following this
section carefully.
The corresponding author should be prepared to collect documentation of compliance with ethical standards and send if
requested during peer review or after publication.
The Editors reserve the right to reject manuscripts that do not comply with the above-mentioned guidelines. The author will

be held responsible for false statements or failure to fulfill the above-mentioned guidelines.

DISCLOSURE OF POTENTIAL CONFLICTS OF INTEREST

Authors must disclose all relationships or interests that could influence or bias the work. Although an author may not feel
there are conflicts, disclosure of relationships and interests affords a more transparent process, leading to an accurate and
objective assessment of the work. Awareness of real or perceived conflicts of interests is a perspective to which the readers
are entitled and is not meant to imply that a financial relationship with an organization that sponsored the research or
compensation for consultancy work is inappropriate. Examples of potential conflicts of interests that are directly or

indirectly related to the research may include but are not limited to the following:

o Research grants from funding agencies (please give the research funder and the grant number)
o Honoraria for speaking at symposia

° Financial support for attending symposia

o Financial support for educational programs

o Employment or consultation

o Support from a project sponsor

° Position on advisory board or board of directors or other type of management relationships
o Multiple affiliations

° Financial relationships, for example equity ownership or investment interest

° Intellectual property rights (e.g. patents, copyrights and royalties from such rights)

o Holdings of spouse and/or children that may have financial interest in the work

In addition, interests that go beyond financial interests and compensation (non-financial interests) that may be important to
readers should be disclosed. These may include but are not limited to personal relationships or competing interests directly or
indirectly tied to this research, or professional interests or personal beliefs that may influence your research.
The corresponding author collects the conflict of interest disclosure forms from all authors. (Please note that each author
should complete a disclosure form.) Examples of forms can be found

. here:
The corresponding author will include a summary statement in the text of the manuscript in a separate section before the
reference list, that reflects what is recorded in the potential conflict of interest disclosure form(s).
See below examples of disclosures:
Funding: This study was funded by X (grant number X).
Conlflict of Interest: Author A has received research grants from Company A. Author B has received a speaker honorarium
from Company X and owns stock in Company Y. Author C is a member of committee Z.
If no conflict exists, the authors should state:
Conflict of Interest: Author A, Author B, and Author C declare that they have no conflict of interest.

RESEARCH INVOLVING HUMAN PARTICIPANTS AND/OR ANIMALS

1) Statement of human rights

When reporting studies that involve human participants, authors should include a statement that the studies have been
approved by the appropriate institutional and/or national research ethics committee and have been performed in accordance
with the ethical standards as laid down in the 1964 Declaration of Helsinki and its later amendments or comparable ethical
standards.
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If doubt exists whether the research was conducted in accordance with the 1964 Helsinki Declaration or comparable
standards, the authors must explain the reasons for their approach, and demonstrate that the independent ethics committee or
institutional review board explicitly approved the doubtful aspects of the study.

The following statements should be included in the text before the References section:

Ethical approval: “All procedures performed in studies involving human participants were in accordance with the ethical
standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.”

For retrospective studies, please add the following sentence:

“For this type of study formal consent is not required.”

2) Statement on the welfare of animals

The welfare of animals used for research must be respected. When reporting experiments on animals, authors should indicate
whether the international, national, and/or institutional guidelines for the care and use of animals have been followed, and
that the studies have been approved by a research ethics committee at the institution or practice at which the studies were
conducted (where such a committee exists).

For studies with animals, the following statement should be included in the text before the References section:

Ethical approval: “All applicable international, national, and/or institutional guidelines for the care and use of animals were
followed.”

It applicable (where such a committee exists): “All procedures performed in studies involving animals were in accordance
with the ethical standards of the institution or practice at which the studies were conducted.”

If articles do not contain studies with human participants or animals by any of the authors, please select one of the following
statements:

“This article does not contain any studies with human participants performed by any of the authors.”

“This article does not contain any studies with animals performed by any of the authors.”

“This article does not contain any studies with human participants or animals performed by any of the authors.”

INFORMED CONSENT

All individuals have individual rights that are not to be infringed. Individual participants in studies have, for example, the
right to decide what happens to the (identifiable) personal data gathered, to what they have said during a study or an
interview, as well as to any photograph that was taken. Hence it is important that all participants gave their informed consent
in writing prior to inclusion in the study. Identifying details (names, dates of birth, identity numbers and other information) of
the participants that were studied should not be published in written descriptions, photographs, and genetic profiles unless the
information is essential for scientific purposes and the participant (or parent or guardian if the participant is incapable) gave
written informed consent for publication. Complete anonymity is difficult to achieve in some cases, and informed consent
should be obtained if there is any doubt. For example, masking the eye region in photographs of participants is inadequate
protection of anonymity. If identifying characteristics are altered to protect anonymity, such as in genetic profiles, authors
should provide assurance that alterations do not distort scientific meaning.

The following statement should be included:

Informed consent: “Informed consent was obtained from all individual participants included in the study.”

If identifying information about participants is available in the article, the following statement should be included:
“Additional informed consent was obtained from all individual participants for whom identifying information is included in
this article.”

AFTER ACCEPTANCE

Upon acceptance of your article you will receive a link to the special Author Query Application at Springer’s web page
where you can sign the Copyright Transfer Statement online and indicate whether you wish to order OpenChoice and
offprints.

Once the Author Query Application has been completed, your article will be processed and you will receive the proofs.
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Open Choice

In addition to the normal publication process (whereby an article is submitted to the journal and access to that article is
granted to customers who have purchased a subscription), Springer now provides an alternative publishing option: Springer
Open Choice. A Springer Open Choice article receives all the benefits of a regular subscription-based article, but in addition
is made available publicly through Springer’s online platform SpringerLink.

° Springer Open Choice

Copyright transfer

Authors will be asked to transfer copyright of the article to the Publisher (or grant the Publisher exclusive publication and
dissemination rights). This will ensure the widest possible protection and dissemination of information under copyright laws.
Open Choice articles do not require transfer of copyright as the copyright remains with the author. In opting for open access,

the author(s) agree to publish the article under the Creative Commons Attribution License..

Offprints

Offprints can be ordered by the corresponding author.

Color illustrations

Publication of color illustrations is free of charge.

Proof reading

The purpose of the proof'is to check for typesetting or conversion errors and the completeness and accuracy of the text, tables
and figures. Substantial changes in content, e.g., new results, corrected values, title and authorship, are not allowed without
the approval of the Editor.

After online publication, further changes can only be made in the form of an Erratum, which will be hyperlinked to the
article.

Online First

The article will be published online after receipt of the corrected proofs. This is the official first publication citable with the
DOI. After release of the printed version, the paper can also be cited by issue and page numbers.

AUTHOR ROLES

In a letter to the Editors, please indicate the role of each author in the preparation of the review.
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11 ANEXO 3 - NORMAS DA REVISTA AMERICAN JOURNAL OF PHYSIOLOGY:
HEART AND CIRCULATORY PHYSIOLOGY

Before submitting your manuscript, please conduct a careful review of the information below to
familiarize yourself with APS's formatting requirements and ethical policies.These pages contain very
useful information to help you prepare your content so that it flows smoothly through our peer review
process, as well as to help you understand our editorial policies and procedures.

Preparing Your Manuscript

] Cost of Publication
] Authorship Changes
. Manuscript Formatting Requirements
File formats; style; abbreviations; trade names; cell lines and reagents
] Manuscript Composition
] Preparing Figures
] Data Repository Standards

MIAME standards; gene, protein, and species nomenclature; unique materials and data banks; links to
external data

] Data Supplements

Video and audio files; long data sets; software code
" Special Instructions for Physiological Reviews
= Special Instructions for Physiology in Medicine

Publication Policies

Peer Review Policy

Open Access
Policy on Depositing Articles in PMC

Copyright
Permissions

Policy on Use of Previously Published Data in Illustrations
Ethics Policies

] APS Ethics Policy
Authorship; conflicts of interest; duplicate and prior publication, plagiarism, and data falsification; ethical
procedures

] Presentation on Figure Manipulation

] Human Fetuses, Fetal Tissue, Embryos, and Embryonic Cells

] Guiding Principles for Research Involving Animals and Human Beings

] Ethics Posters

Disclaimer

The statements and opinions contained in the articles of the APS Journals are solely those of the
individual authors and contributors and not of the APS. The appearance of advertisements in the
Journals is not a warranty, endorsement, or approval of the products or their safety. The APS
disclaims responsibility for any injury to persons or property resulting from any ideas or products
referred to in any article or advertisement.

Notice regarding inquiries: The APS has a transparent and rigorous publications ethics policy. The
APS does not address inquiries or discuss perceived or actual ethical infractions with individuals,
groups, or organizations not directly involved with the matter, including the media.



253

12 ANEXO 4 - NORMAS DA REVISTA LASERS IN SURGERY AND MEDICINE

Author Guidelines

Online Submission and Peer Review

The following areas are required to be answered prior to being able to make your final submission.

A. All submissions with photos of human faces where eyes are not blacked out must have patient release to use

photo permission (form above) in addition to the normal patient consent forms

B. All submissions where human subjects are involved must have Institutional Review Board approval (IRB)

C. All submissions where animal subjects are involved must have Institutional Animal Care and Use Committee

approval (IACUC) where applicable by country

D. All submissions with National Institute of Health (NIH) funding must be stated and made clear on the title page.
(see above)

Format

Lasers in Surgery and Medicine is now receiving submitted manuscripts online
athttp://mc.manuscriptcentral.com/Ilsm . Please refer to the Specific Instructions below.
Articles

Articles describe new findings of major importance.
Reviews

Lasers in Surgery and Medicine will publish reviews which provide an overview of therapeutic techniques and/or
research in areas of interest in laser medicine and biology. Most of these reviews will be solicited, but unsolicited
submissions are welcome. Authors should contact the editors prior to preparing a review article.

Letters

Letters may express an opinion about material previously published in Lasers in Surgery and Medicine, or

express views on any issue related to lasers in medicine and biology.
Case reports

Case reports are not published unless they represent very original information. Authors of case reports that don't
meet these requirements are encouraged to submit to Wiley’s open access journal Clinical Case

Reports (www.clinicalcasesjournal.com), which aims to directly improve health outcomes by identifying and

disseminating examples of best clinical practice.

Specific Instructions for Authors

Note: Please read these instructions carefully--technical deficiencies must be corrected before manuscripts can

be reviewed.
Wiley Editing Services

There should be no barriers to getting your research published, yet we know that manuscripts are often
returned for English language and formatting issues. Let Wiley Editing Servicesprovide you with expert
help to ensure your manuscript is ready for submission.

Submission of Manuscripts
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Submit all new manuscripts online. Launch your web browser and go tohttp://mc.manuscriptcentral.com/Ism .

Check for an existing user account. If you are submitting for the first time, and you do not find an existing account,
create a new account. Follow all instructions.

Submit manuscript as word doc. file and figures as tiff files only.

Do not embed tables and figures into your main document..
PLEASE UPLOAD ONLY Word DOC OR .RTF FILE FOR MAIN DOCUMENT AND TABLE
FILES AND IMAGES SHOULD BE .EPS OR .TIF FILE FORMAT ONLY

Upload as many files as needed for your manuscript in groups of three or fewer. These files

will be combined into a single .PDF document for the peer review process. If you are submitting

a revision, please only include the latest set of files.

For revisions, please delete the original versions of all text. DOC files, table and figure files
and upload the revised files as directed above.

To designate the order in which your files appear, use the dropdowns in the "Order" column below.

View your uploaded files by clicking on PDF. When you are finished, click "Save and Continue."

File Designation Instructions: File Designation Instructions.pdf
At the end of a successful submission, a confirmation screen with manuscript number will appear and you will
receive an e-mail confirming that the manuscript has been received by the journal. If this does not happen, please

check your submission and/or contact tech support atsupport@scholarone.com .

Manuscripts should contain the following components:
Title Page.

The title page should include the complete article title; the first name, middle initial and last name of all authors,
with their highest academic degree; institution(s) with which each author is affiliated, with city, state and zip code;
with authors' initials in parentheses at their respective institution(s); acknowledgments of grant or other research
funding; and the name, complete mailing address, telephone number, and facsimile number, cable address, or

Telex number for all correspondence.
Key Words.

Key words used for indexing the article should appear in alphabetical order and should not repeat terms already
in the title.

Abstract.

Provide a structured abstract in which the following sections are delineated: Background and Objective: Gives
brief overview of the topic and in this context states the main objective of the study; Study Design/Materials and
Methods: Describes the basic design, subjects, and scientific methods (for case reports, section title is Study
Design/Patients and Methods); Results: Gives main results of the study including confidence intervals and exact
level of statistical significance, whenever appropriate; Conclusion: States only those conclusions supported by the
data obtained, and, whenever appropriate, the direct clinical application of the findings (avoid speculation).
Include the headings Background and Objective, Study Design/Materials and Methods, Results, and Conclusions

in the text of the abstract.
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Introduction.

The introduction should not be an extensive review of the literature, but only of that portion which is pertinent to

the purpose of the study and its relationship to work in the same field.
Materials and Methods.

Materials and methods should be written clearly and in such detail that the work can be duplicated by others.
Particular care should be taken in specifying laser wavelength, pulsewidth or exposure duration, focal spot, and

treatment energy, power, irradiance, or fluence.

Results.

Results must be described concisely. Text, tables and figures must be consistent and not repetitious.
Discussion.

Discussion should be concise, explaining the significance of the experimental findings and their relation to

previous investigations.
References.

List references in consecutive numerical order (not alphabetically). Number references consecutively in the order
in which they are first mentioned in the text. Identify references in text, tables, and legends by arabic numerals (in

parentheses). Once a reference is cited, all subsequent citations should use the original reference number.

Authors are responsible for bibliographic accuracy and must check every reference in the manuscript and
proofread each reference in the page proofs. Abbreviations of journal titles should follow those used in Index
Medicus . Do not use periods after abbreviations of journal titles. References must contain names of all authors,
complete titles, and first and last page numbers. Unpublished observations and personal communications should
be cited parenthetically in the text and not be included in the References.

Examples:

Journal Article:
Tan OT, Stafford TJ, Murray S, Kurban AK. Histologic comparison of the pulsed dye laser and copper vapor laser
effects on pig skin. Lasers Surg Med 1990; 10:551-558.

Chapter in a Book:

Golenhofen K, Finger K, Foster B, Mandrek K, Noack T. Light-induced relaxation of smooth muscle after
treatment with BAY K 8644 is related to release of nitric oxide. In: Sperelakis N, Wood J, eds. Frontiers in Smooth
Muscle Research. New York: Wiley-Liss, Inc. 1990:595-604.

Legends.

Legends must be typed double-spaced, beginning on a separate sheet of paper. The legend should allow the
illustration to be fully understandable without recourse to the text. Use arrows, letters, etc., for enhanced

understanding of features being illustrated.
Tables.

Tables must be typed on separate pages, be numbered in order of appearance with sequential arabic numerals,

have a title, and be cited in the text.

Acknowledgments.
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lllustrations from other publications must be acknowledged. Include the following when applicable: author(s), title
of article, title of journal or book, volume number, page(s), month and year. The publisher's and author's

permission to reprint must accompany the manuscript.
Primary Data Retention.

Primary data used in the preparation of articles published in Lasers in Surgery and Medicineshould be retained in
readily accessible and interpretable form.

Authorship Standards.

Each author of a manuscript submitted to Lasers in Surgery and Medicine must have made a significant
contribution to the research and must assume responsibility for the content of the article. (See Huth EJ:
Guidelines on authorship of medical papers. Ann Intern Med 1986; 104:269-274.)

If your paper is accepted, the author identified as the formal corresponding author for the paper will receive an email
prompting them to login into Author Services; where via the Wiley Author Licensing Service (WALS) they will be able to

complete the license agreement on behalf of all authors on the paper.

For authors choosing OnlineOpen

If the OnlineOpen option is selected the corresponding author will have a choice of the following Creative Commons License

Open Access Agreements (OAA):

Creative Commons Attribution Non-Commercial License OAA

Creative Commons Attribution Non-Commercial -NoDerivs License OAA

To preview the terms and conditions of these open access agreements please visit the Copyright FAQs hosted on Wiley

Author Serviceshttp://authorservices.wiley.com/bauthor/fags_copyright.asp and

visithttp://www.wileyopenaccess.com/details/content/12125db4c87/Copyright--License.html.

If you select the OnlineOpen option and your research is funded by The Wellcome Trust and members of the Research
Councils UK (RCUK) you will be given the opportunity to publish your article under a CC-BY license supporting you in
complying with Wellcome Trust and Research Councils UK requirements. For more information on this policy and the

Journal’s compliant self-archiving policy please visit: http://www.wiley.com/go/funderstatement.

For RCUK and Wellcome Trust authors click on the link below to preview the terms and conditions of this license:

Creative Commons Attribution License OAA

To preview the terms and conditions of these open access agreements please visit the Copyright FAQs hosted on Wiley

Author Serviceshttp://authorservices.wiley.com/bauthor/fags_copyright.asp and

visithttp://www.wileyopenaccess.com/details/content/12125db4¢87/Copyright--License.html.
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13 ANEXO 5 - NORMAS DA REVISTA CIRCULATION: HEART FAILURE.

Circulation: Heart Failure will include articles related to research into the pathophysiology,
evaluation, and management of heart failure, including observational studies, clinical trials,
epidemiology, and advances in applied (translational) research.

Manuscripts are examined by the editorial staff and usually evaluated by expert reviewers
assigned by the editors. Both clinical and basic articles will also be subject to statistical review,
when appropriate. Provisional or final acceptance is based on originality, scientific content, and
topical balance of the journal. Decisions are communicated by email, generally within six weeks.
The editors will not discuss a decision about a manuscript over the phone. All rebuttals must be
submitted in writing to the editorial office.

How to Contact the Journal
How to Prepare a Manuscript
How to Submit a Manuscript
Revised Manuscripts
Accepted Manuscripts
Permissions and Rights
Subject Codes

Journal Policies

How to Contact the Journal:

James E. Udelson, MD

Editor, Circulation: Heart Failure
560 Harrison Avenue

Suite 502

Boston MA 02118

Phone: 617-542-5100

Fax: 617-542-6539

E-mail: circ@circulationjournal.org
[Top]

How to Prepare a Manuscript:

Circulation: Heart Failure publishes several types of manuscripts under the umbrella of full-length
articles. A brief description of each type follows:

Original Research Articles

Circulation: Heart Failure considers all types of original research articles, including experiments
conducted in human subjects, laboratory animals, and in vitro.

Review Series
Please note that the editors invite most review articles. However, unsolicited material will be considered for
publication.

° Advances in Heart Failure: Reviews will focus on topics of contemporary interest to the clinician and
researcher. Overviews of new concepts in pathophysiology, natural history, diagnostic strategies, and treatment
approaches will be included in this series. In addition, the series will also include cutting edge reviews of the
scientific basis of disease.
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Development of Therapeutics for Heart Failure: Articles in this series will focus attention on how
therapeutic strategies are developed for heart failure. The series will follow therapeutic development of drugs,
devices and regenerative strategies from animal models through human studies, and critically review clinical
trial methodologies as well as regulatory issues influencing heart failure therapeutics.

Controversies in Heart Failure: Controversial topics in the practice of heart failure will be presented in this
series. Opposite viewpoints will be presented in tandem, with rebuttal responses by both authors included.

Challenges for the Basis of Practice: This series provides a forum for presentation and discussion of
decisions arising commonly during the care of individual patients. We invite clinicians whose practice includes
heart failure patients to summarize in less than 500 words a difficult clinical situation that requires a decision
regarding therapy. As it is anticipated that this situation will have arisen multiple times, the presentation should
not describe an individual patient, but rather be as general as possible. A Challenge to Practice article may be
submitted by up to 5 clinicians, who can include physicians and/or nurses and will be cited as authors. After
selection and initial publication of the article, an expert consultant will be invited to review the relevant
literature and his or her own practical approach to the situation. Readers will be invited to submit brief
responses, from which representative views will be published.

Forum for Early Career Clinical Investigation: This section is devoted to publishing primary clinical
research conceived and performed by early career investigators during training or during the first 3 years on
faculty. This research should be performed by the primary author or in some cases an investigative cohort of
authors, beginning with the initial articulation of a relevant question, through development of a strategy to
address it, the personal collection of the primary data, analysis with rigorous statistical guidance as needed, and
thorough interpretation of the results, limitations, and implications. Hypothesis-driven research is ideal, but
reasonable questions for these exercises might also be “...what are the reasons given by clinicians in a heart
failure clinic for their patients being on lower than target doses of beta-blockers? or ““...how many and which
patients with heart failure describe thirst as a major symptom?” We would consider publication even without a
clear answer to support or refute a hypothesis, if the question and strategy were appropriate and the data and
limitations were cogently analyzed. Novelty of the question and the results will be less critical in the evaluation
of these manuscripts than for those submitted through the standard journal review process. However, authors are
expected to demonstrate familiarity with previous studies in order to describe how their population or strategy
differs, and how their results either confirm or challenge what is already known. Submissions should follow the
same formatting guidelines as original research submissions but should not exceed 4,500 words in length.

Special Sections

°

Book Reviews: Reviews of selected books on heart failure, including books that present innovative concepts,
books that describe state-of-the-art diagnostic and therapeutic methods or important advances, and textbooks
will be reviewed in this section. Unsolicited book reviews will be considered for publication online. In addition,
authors or publishers may submit books, as well as a list of suggested reviewers, to the editorial office at the
address noted above.

Correspondence: Letters to the Editor, which pertain directly to an article published in the journal within the
preceding 8 weeks, will be considered for publication online. A letter must not exceed 500 words in length and
must be limited to three authors and five references. They should not have tables or figures. Unpublished
observations are not considered legitimate references and letters citing unpublished data will not be accepted.
Authors of the original article cited in the letter will be invited to reply. Letters to the editor should be
submitted via the online manuscript submission process as described below.

Images and Case Reports in Heart Failure: Clinical or basic science images (including motion studies)
that illustrate either important "classic" or novel findings, provide insight into basic mechanisms responsible for
cardiovascular disease, emphasize an abnormality, r elucidate a new therapy will be considered for publication
in online format. The written portion of the submission should include a title page, descriptive text of no more
than two pages with up to 4 references (if appropriate) and a figure legend. Movie clips are encouraged and
may be submitted in any of the standard formats (e.g. avi, mov, etc) and codecs.

Please note that all manuscripts must conform to one of the above article types.

General Preparation Instructions:

Maximum Word Length: 6000 words
Word Count includes title page, abstract, text, references, tables, and figure legends
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Maximum Number of References: 50

Maximum Number of Figures and Figure Legends: 8

Manuscript should be typed double-spaced, including title page, abstract, text, references, figure legends, and
tables. Text should only appear on one side of the page. Acceptable formats are Word or WordPerfect.

Leave a 1-inch margin on all sides. Do not use justified margins.

Cite references, figures, and tables in numeric order. For review, acceptable figure formats are GIF, TIFF,
EPS, JPEG, and single slides of Power Point.

Formats NOT supported are as follows: Object Linking and Embedding (OLE), Bitmap (.bmp), PICT (.pict),
Excel (.xls), Photoshop (.psd), Canvas (.cnv), CoreDRAW (.cdr), and locked or encrypted PDFs. For
publication, see acceptable figure requirements under "Accepted Manuscripts " below.

Use SI units of measure. A more conventionally used measurement may follow in parentheses. Make all
conversions before manuscript submission.

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

Consult the American Medical Association Manual of Style, 9th ed, Baltimore, Md, Williams & Wilkins,
1998, for style.

Manuscripts must conform to the "Uniform Requirements for Manuscripts Submitted to Biomedical
Journals"http://www.icmje.org/.

Assemble the manuscript in this order: Title Page, Abstract, Text, Acknowledgments, Funding Sources,
Disclosures, References, Figure Legends, Tables, and Figures.

Title Page

°

The title page (page 1, do not number) should contain these elements:
Full title
First author's surname and short title (not to exceed 50 characters, including spaces)
Authors' names, academic degrees, and affiliations
Name and complete address for correspondence (include street name and address as well as post
office box, and address for reprints if different from correspondence)
Fax number, telephone number and email address
6. The total word count of the manuscript, including the title page, abstract, text, references, tables and
figures legends
7. The Journal Subject Codes pertaining to the article. Please refer to the subject code list.

AW N =

()]

Abstract and Key Words

e o o o

Do not cite references in the abstract

Limit use of acronyms and abbreviations. Define at first use acronym or abbreviation in parenthesis.

Be concise (250 words maximum)

Use the following headings:
1. Background - rationale for study
2. Methods and Results - brief presentation of methods and presentation of significant results; please

include sample size
3. Conclusions - succinct statement of data interpretation
When applicable, include a fourth heading: "Clinical Trial Registration". Please list the URL, as

well as the Unique Identifier, for the publicly accessible website on which the trial is registered.
Insert three to five Key Words after abstract. Please refer to the key word list.

b

Typical main headings include Methods, Results, and Discussion
Number pages
Abbreviations must be defined at first mention
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Methods

Please note that the manuscript version of the Methods and Results should be able to stand alone and
should provide sufficient information for the reader to understand the basic methods of the study and to
review the fundamental findings in a mechanistic way.

Experimental animals: State the species, strain, number used, and pertinent descriptive characteristics. When
describing surgical procedures, identify the preanesthetic and anesthetic agents used and the amounts,
concentrations, routes, and frequency of administration of each. Paralytic agents are not considered acceptable
substitutes for anesthetics. For other invasive procedures on animals, report the analgesic or tranquilizing drug
used. If none were used, provide justification for exclusion.

Human studies: Indicate that the study was approved by an institutional review committee and that the
subjects gave informed consent.

Drugs and Devices: In the Methods, the complete name and location of the manufacturer must be supplied
for all reagents, equipment, and devices used. In all other instances, the generic rather than trademark names of
all drugs and devices.

Independent Data Access and Analysis: The Editors consider it preferable for investigators to have direct
access to the primary data in a clinical trial (raw and derived datasets) when reporting results of the trial.
Alternatively, an independent party with an academic affiliation who has access to the primary data may serve as
the analyst for the investigators. It is recognized that for logistical reasons these options may not be possible in
all instances. At a minimum, the authors should have the ability to query any aspect of the data either directly or
through an independent analysis. However, the Editors reserve the right to ask for additional information from
the corresponding author regarding measures that were taken to minimize bias and verify the integrity of the
primary data and any analyses performed.

Guidelines for Clinical Trials

In accordance with the Clinical Trial Registration Statement from the International Committee of Medical
Journal Editors (Circulation. 2005;111:1337) and (http://content.nejm.org/cgi/content/full/NEJMe078110), all
clinical trials in Circulation: Heart Failure must be registered in a public trials registry at or before the onset of
participant enrollment. This requirement applies to all clinical trials that began 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 health-related intervention and a health
outcome. Health-related interventions include any intervention used to modify a biomedical or health-related
outcome (for example, drugs, surgical procedures, devices, behavioral treatments, dietary interventions, and
process-of-care changes). Health outcomes include any biomedical or health-related measures obtained in
patients or participants, including pharmacokinetic measures and adverse events. As previously, purely
observational studies (those in which the assignment of the medical intervention is not at the discretion of the
investigator) will not require registration. We will start to implement the expanded definition of clinically
directive trials for all trials that began enrollment on or after July 1, 2008. Those who are uncertain whether
their trial meets the expanded ICMJE definition should err on the side of registration if they wish to seek
publication.

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 registry
sponsored by the United States National Library of Medicine (http://www.clinicaltrials.gov) meets these
requirements and is recommended by the editors.

Other registries are acceptable if they meet these requirements. In addition to www.clinicaltrials.gov, the
following registries are recommended by the ICMJE:

1. http://isrctn.org

2. http://www.umin.ac.jp/ctr/index/htm/

3. http://www.anzctr.org.au/Default.aspx

4. http://www.trialregister.nl/trialreg/index.asp

In accordance with the ICMJE's recommendation, we will also accept registration of clinical trials in any of
the primary registers that participate in the World Health Organization's International Clinical Trial Registry
Platform. Primary registers are WHO selected registers managed by not-for-profit entities that will accept
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registrations for any interventional trials, delete duplicate entries from their own register, and provide data
directly to the WHO. Please note that registration in any WHO partner registers is insufficient.

o The authors will be requested to provide the exact URL and unique identification number for the trial
registration at the time of submission. Since this information will be published, we ask that you include a fourth
heading in your abstract: "Clinical Trial Registration Information". Please list the URL, as well as the unique
identifier, for the publicly accessible website on which the trial is registered in this section.

° 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 (http://www.consort-statement.org/?0=1011). Please also refer specifically to the
CONSORT Checklist of items to include when reporting a randomized clinical trial.

° Results posted in the same clinical trials registry in which the primary registration resides will not be
considered prior publication if they are presented in the form of a brief abstract (500 words or less) or a table.

Guidelines for Meta-Analyses

o See "Meta-analysis of Observational Studies in Epidemiology: A Proposal for Reporting," JAMA. 2000; 283:
2008-2012.

Guidelines for Studies on Diagnostic Tests

o See "The STARD Statement for Reporting Studies of Diagnostic Accuracy: Explanation and
Elaboration," Ann Intern Med. 2003; 138: 40-44.

Guidelines for Human Phenotype-Genotype Association or Linkage Studies

° Reporting issues:
1. Report process for selecting genes and SNPs.
2. Report Hardy-Weinberg statistics or p-values and method of calculating same.
3. Refer to existing public domain websites for the Human Gene Ontology name and the rs number for
SNPs:http://www.ncbi.nlm.nih.gov/projects/SNP/ and http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=
Snp
4. Describe genotyping methods. If numerous primers have been used, please include them in an
online supplement.
o 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:
1. Phenotype is clearly defined, is heritable, and if a quantitative phenotype is reported, reproducibility
data are provided.
2. 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.

3. Since multiple statistical testing methods are frequently used in genotyping-phenotyping studies,
please include specifics of the primary model(s) tested. Nonessential 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:
1. Identifying plausible candidate genes under the linkage peak.
2. Follow-up fine mapping to narrow the region of linkage, and/or genotyping some of the candidate
genes under the linkage peak.
3. Replication data from another sample.

Guidelines for Genomic and Proteomic Studies

o Preparation of Data Submitted: Data should follow the MIAME checklist (for more information
seehttp://www.mged.org/ Workgroups/MIAME/miame _checklist.html).

° Accessibility of Data: 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,http://www.ncbi.nlm.nih.gov/geo/) and provide the GEO accession number; or,
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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). GEO is accessible from http://www.ncbi.nlm.nih.gov/geo/.
The submission FAQ is available at http://www.ncbi.nlm.nih.gov/projects/geo/info/faq.html.

Guidelines for Proteins 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
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
On the web at: http://www.ncbi.nlm.nih.gov/Genbank/index.html

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
On the web at: http://www.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
On the web at: http://www.ddbj.nig.ac.jp

Submission to any data bank is sufficient to ensure entry in all.
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