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RESUMO

Introducéo: o infarto agudo do miocérdio (IAM) gera, através da interrupcao do fluxo
sanguineo para o coracdo, a morte de cardiomiocitos, desencadeando a ativacao de
citocinas pro-inflamatorias e a producao de espécies reativas de oxigénio (ERO) no
tecido cardiaco. O exercicio fisico € considerado um tratamento nao-farmacolégico
adjuvante para pacientes com doencas cardiovasculares, atuando como agente
antioxidante e anti-inflamatoério, além de aumentar a capacidade funcional desses
individuos. O treinamento continuo de moderada intensidade (TCMI) é o principal
programa de treinamento para a reabilitacdo de pacientes diagnosticados com
doencas cardiovasculares, no entanto, o treinamento intervalado de alta intensidade
(HIIT) tem surgido como alternativa mais eficaz no tratamento dessas doencas,
gerando beneficios adicionais para esses pacientes. Contudo, o efeito do HIIT em
biomarcadores de danos e reparos na fisiopatologia das doencas cardiovasculares
ainda € pouco estudado, sendo de fundamental importancia para elucidar
mecanismos adaptativos do exercicio fisico associado ao tratamento dessas
patologias. Objetivos: avaliar o efeito do HIIT e do TCMI na capacidade funcional,
perfil inflamatério e marcadores de estresse oxidativo em ratos submetidos ao I1AM.
Metodologia: dezoito ratos Wistar machos (280g a 3509, = 90 dias) foram submetidos
ao |IAM através da ligadura da artéria coronaria descendente esquerda. Os animais
realizaram o teste de esforco maximo (TEM) em esteira rolante em trés momentos
(cinco semanas apos o 1AM, na quarta e na oitava semana apos o inicio dos protocolos
de exercicio) para a avaliacao da capacidade funcional. Seis semanas apés a indugao
do IAM, os animais foram alocados em trés grupos experimentais: sedentario (SED;
n=6), treinamento continuo de moderada intensidade (TCMI; n=6) e treinamento
intervalado de alta intensidade (HIIT; n=6). O protocolo de TCMI consistiu em 5
minutos de aquecimento (10 m/min) e 45 minutos de corrida (50-60% da velocidade
maxima atingida no TEM), totalizando 50 min de exercicio. O protocolo de HIIT
consistiu em 8 minutos de aquecimento (10 m/min) e 10 tiros de 1 minuto (85-90% da
velocidade maxima atingida no TEM) intercalados com 2 minutos (50-60% da
velocidade maxima atingida no TEM) de corrida, totalizando 38 minutos de exercicio.
Ambos os protocolos foram realizados 5 vezes por semana, durante 8 semanas. Apos
o término dos protocolos de exercicio, os animais foram eutanasiados e os tecidos
armazenados para analises bioquimicas subsequentes. Resultados: todos o0s grupos
iniciaram os protocolos de treinamento com valores similares de distéancia (SED; 222,4
+104,3vs TCMI; 181,8 £ 66,6 e HIIT; 196,1 £ 70,4 m; P>0,05), tempo para a exaustao
(SED; 730,3 + 214,9 vs TCMI; 642,3 £ 159,3 e HIIT; 632,8 + 159,3 s; P>0,05) e
velocidade méaxima (SED; 27,5 + 6,9 vs TCMI; 25,0 £ 4,5 e HIIT; 27,5 + 2,7 m/min;
P>0,05) atingidos no TEM. Na quarta semana, tanto o grupo HIIT quanto o grupo TCMI
foram capazes de aumentar a distancia (SED; 190,7 £ 52,0 vs TCMI; 438,3 £ 100,1 e
HIIT; 365,9 £ 63,7 m; P<0,01), tempo para exaustado (SED; 668,0 + 129,1 vs TCMI,
1122,6 £ 154,5 e HIIT; 1006,5 + 109,2 s; P<0,001) e velocidade maxima (SED; 25,8 +
3,7 vs TCMI; 38,3 = 4,0 e HIIT; 35,8 £ 3,7 m/min; P<0,001) quando comparado ao
grupo SED. Na oitava semana, ambos 0s grupos treinados aumentaram os valores de
distancia (SED; 176,8 + 38,4 vs TCMI; 522,2 + 146,3 e HIIT; 367,58 + 85,4 m;
P<0,001), tempo para exaustéo (SED; 639,3 £ 97,3 vs TCMI; 1236,6 = 188,6 e HIIT;
1013,8 £ 149,1 s; P<0,001) e velocidade maxima (SED; 25,0 = 3,1 vs TCMI; 41,6 +
5,1 e HIIT; 35,8 = 3,7 m/min; P<0,0001) quando comparado ao grupo SED. O grupo
TCMI mostrou aumento da distancia (P<0,01), tempo até a exaustdo (P<0,05) e



velocidade maxima (P<0,05) quando comparado ao grupo HIIT. Os niveis de IL-10 e
TNF-a cardiacos nao tiveram diferenca entre os grupos, no entanto, a relagéo IL-
10/TNF-a foi maior no grupo TCMI quando comparado ao grupo SED (SED; 1,9 £ 0,3
vs TCMI; 2,8 + 0,2 e HIIT; 2,4 + 0,6 pg/mg de proteina; P<0,01). No musculo
gastrocnémio, o nivel de IL-10 foi maior (SED; 7,0 + 1,0 vs TCMI; 12,9 + 1,5 e HIIT;
12,7 £ 4,5 pg/mg de proteina; P<0,01), assim como a rela¢éo IL-10/TNF-a (SED; 2,1
+0,5vs TCMI; 6,6 + 1,3 e HIIT; 5,6 + 1,4 pg/mg de proteina; P<0.001) em ambos os
grupos treinados quando comparado ao grupo SED. O nivel de TNF-a foi menor nos
grupos treinados quando comparado ao grupo SED (SED; 3,4 £ 0,9 vs TCMI; 2,0 £
0,5 e HIIT; 2,0 £ 0,5 pg/mg de proteina; P<0,05). O valor de 2’,7’-diclorofluoresceina
(DCF) foi menor no tecido cardiaco no grupo HIIT quando comparado ao grupo SED
(SED; 929,2 + 31,2 vs TCMI; 890,4 + 45,8 e HIIT; 853,7 + 48,1 unidades de
fluorescéncia/mg de proteina; P<0,05). No musculo gastrocnémio, o grupo HIT
demonstrou menor nivel de DCF comparado ao grupo TCMI (SED; 795,1 + 48,4 vs
TCMI; 839,4 + 90,8 e HIIT; 705,5 £ 99,2 unidades de fluorescéncia/mg de proteina;
P<0,05). O nivel de malondialdeido (MDA) no tecido cardiaco foi menor em ambos os
grupos treinados quando comparado ao grupo SED (SED; 1054,0 £ 305,7 vs TCMI,;
760,5 + 130,4 e HIIT; 500,2 + 163,3 nmol/mg de proteina; P<0,05). A concentracdo de
glutationa total foi maior no tecido cardiaco (SED; 97,5 + 11,2 vs TCMI; 137,8 + 24,8
e HIIT; 125,7 + 21,2 umol/mg de proteina; P<0,05) e no musculo gastrocnémio (SED;
49,1 £+ 9,3 vs TCMI; 68,4 + 10,8 e HIIT; 76,3 + 9,6 umol/mg de proteina; P<0,05) em
ambos os grupos treinados quando comparado ao grupo SED. O valor da superoéxido
dismutase (SOD) no tecido cardiaco e no musculo gastrocnémio nédo tiveram diferenca
entre os grupos (P>0,05). Concluséao: o presente estudo demonstrou que 8 semanas
de treinamento fisico foi capaz de aumentar a capacidade funcional através do
aumento da distancia, tempo para exaustdo e velocidade maxima encontrados no
TEM. No entanto, o treinamento continuo de moderada intensidade foi capaz de
melhorar as variaveis de capacidade funcional de forma mais proeminente do que o
treinamento intervalado de alta intensidade. Ambos os protocolos de treinamento
foram capazes de modular positivamente as citocinas pré-inflamatérias, bem como
aumentar as concentracdes de citocinas anti-inflamatérias no musculo esquelético,
embora essa melhora ndo tenha ocorrido no musculo cardiaco. Os treinamentos
continuo e intervalado demonstraram concentracdes maiores de antioxidante no
musculo cardiaco e esquelético, entretanto, o treinamento intervalado de alta
intensidade demonstrou valores de biomarcadores de dano oxidativo mais baixos
tanto no musculo esquelético quanto no musculo cardiaco comparado ao treinamento
continuo de moderada intensidade.

Palavras Chaves: Infarto Agudo do Miocardio. Exercicio Fisico. HIIT. Inflamag&o.
Estresse Oxidativo.



ABSTRACT

Introduction: acute myocardial infarction (AMI) generates, through the heart blood
flow interruption, the cardiomyocytes death, triggering the proinflammatory cytokines
activation and reactive oxygen species (ROS) production in the cardiac tissue.
Physical exercise is considered an adjuvant non-pharmacological treatment for
patients with cardiovascular disease, acting as an antioxidant and anti-inflammatory
agent, also to increase the functional capacity of these individuals. The moderate
intensity continuous training (MICT) is the main training program for the rehabilitation
of patients diagnosed with cardiovascular disease, however, the high intensity interval
training (HIIT) has emerged as more effective alternative in these diseases treatment,
generating additional benefits for these patients. Nevertheless, the effect of HIIT on
damage and repair biomarkers in the cardiovascular disease pathophysiology is still
poorly studied, and it has a fundamental importance to elucidate adaptive physical
exercise mechanisms associated with the treatment of these diseases. Aims: to
evaluate the effect of HIIT and MICT on the functional capacity, inflammatory profile

and oxidative stress markers of myocardial-infarcted rats. Methods: eighteen male
Wistar rats (280g to 3509, =~ 90 days) were submitted to AMI through ligation of the left
descending coronary artery. The animals perform the maximal treadmill exercise test
(MET) at three moments (five weeks after Ml, on the fourth and eighth weeks after the
beginning of exercise protocols) to assess functional capacity. Six weeks after AMI
induction, the animals were allocated into three experimental groups: sedentary (SED;
n = 6), moderate intensity continuous training (MICT; n = 6) and high intensity interval
training (HIIT; n = 6). The MICT protocol was consisted in 5 min of warming-up
(10m/min) and 45 min of running (50-60% of maximal velocity presented in MET),
totalizing 50 min of exercise. The HIT protocol was consisted in 8 min of warming-up
(10m/min) and ten 1 min sprints (85-90% of the maximal velocity presented in MET)
interleaved with 2 min (50-60% of the maximal velocity presented in the test) of
running, totalizing 38 min of exercise. Both protocols were performed 5 times a week
for 8 weeks. After the end of the exercise protocols, the animals were euthanized and
the tissues stored for subsequent biochemical analyzes. Results: all groups started
training protocols with similar distance (SED; 222.4 + 104.3 vs MICT; 181.8 + 66.6 and
HIIT; 196.1 + 70.4 m; P>0.05), time to exhaust (SED; 730.3 + 214.9 vs MICT; 642.3 +
159.3 and HIIT; 632.8 + 159.3 s; P>0.05) and maximal velocity (SED; 27.5 £ 6.9 vs
MICT; 25.0 £ 4.5 and HIIT; 27.5 = 2.7 m/min; P>0.05) reached in MET. In the fourth
week, both HIIT and MICT were able to increase the distance (SED; 190.7 + 52.0 vs
MICT; 438.3 + 100.1 and HIIT; 365.9 + 63.7 m; P<0.01), time to exhaustion (SED;
668.0 £ 129.1 vs MICT; 1122.6 + 154.5 and HIIT; 1006.5 + 109.2 s; P<0.001) and
maximal velocity (SED; 25.8 £ 3.7 vs MICT; 38.3 + 4.0 and HIIT; 35.8 £ 3.7 m/min;
P<0.001) when compared to the SED group. In the eighth week, both trained groups
increased the distance values (SED; 176.8 + 38.4 vs MICT; 522.2 + 146.3 and HIIT,;
367.58 £ 85.4 m; P<0.001), time to exhaustion (SED; 639.3 + 97.3 vs MICT; 1236.6 £
188.6 and HIIT; 1013.8 + 149.1 s; P<0.0001) and maximal velocity (SED; 25.0 + 3.1
vs MICT; 41.6 £5.1 and HIIT; 35.8 £ 3.7 m/min; P<0.0001) when compared to the SED
group. The MICT group showed an increase in distance (P<0.01), time to exhaustion
(P<0.05) and maximal velocity (P<0.05) when compared with the HIIT group. The heart
IL-10 and TNF-a levels did not differ between groups, however, the IL-10/TNF-a ratio
was higher in the MICT group when compared to the SED group (SED; 1.9 + 0.3 vs
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MICT; 2.8 £ 0.2 and HIIT; 2.4 + 0.6 pg/mg of protein; P<0.01). In the gastrochemius
muscle, IL-10 level was higher (SED; 7.0 + 1.0 vs MICT; 12.9 £ 1.5 and HIIT; 12.7
4.5 pg/mg of protein; P<0.01), as well the IL-10/TNF-a ratio (SED; 2.1 £ 0.5 vs MICT;
6.6 £ 1.3 and HIIT; 5.6 + 1.4 pg/mg of protein; P<0.001) in both trained groups when
compared to the SED group. The TNF-a level was lower in the exercise groups when
compared to the SED group (SED; 3.4 £ 0.9 vs MICT; 2.0 £ 0.5 and HIIT; 2.0 £ 0.5
pg/mg of protein; P<0.05). The value of 2',7’-dichlorofluorescein (DCF) was lower in
cardiac tissue in the HIIT group when compared to the SED group (SED; 929.2 + 31.2
vs MICT; 890.4 + 45.8 and HIIT; 853.7 £ 48.1 fluorescence units/mg of protein;
P<0.05). In the gastrocnemius muscle, the HIT group showed lower DCF
concentration compared to the MICT (SED; 795.1 + 48.4 vs MICT; 839.4 + 90.8 and
HIIT; 705.5 £ 99.2 fluorescence units/mg of protein; P<0.05). The malondialdehyde
(MDA) level in cardiac tissue was lower in both trained groups compared to the SED
group (SED; 1054.0 £ 305.7 vs MICT; 760.5 + 130.4 and HIIT; 500.2 + 163.3 nmol/mg
of protein; P<0.05). The total glutathione concentration was higher in cardiac tissue
(SED; 97.5 £ 11.2 vs MICT; 137.8 + 24.8 and HIIT; 125.7 £ 21.2 ymol/mg of protein;
P<0.05) and in gastrocnemius muscle (SED; 49.1 £ 9.3 vs MICT; 68.4 £ 10.8 and HIIT;
76.3 £ 9.6 umol/mg of protein; P<0.05) in both trained groups when compared to the
SED group. The superoxide dismutase (SOD) value in cardiac tissue and
gastrocnemius muscle did not differ between groups (P>0.05). Conclusion: the
present study demonstrated that 8 weeks of physical training was able to increase
functional capacity by increasing the distance, time to exhaustion and maximal velocity
found in MET. However, moderate-intensity continuous training was able to enhance
functional capacity variables more prominently than high intensity interval training.
Both training protocols were able to modulate positively pro-inflammatory cytokines,
as well as increasing anti-inflammatory cytokines concentrations in skeletal muscle,
although this improvement did not occurred in cardiac muscle. Continuous and interval
training demonstrated higher antioxidant concentrations in cardiac and skeletal
muscle, however, high intensity interval training demonstrated lower oxidative damage
biomarkers values in both skeletal muscle and cardiac muscle compared to moderate-
intensity continuous training.

Keywords: Acute Myocardial Infarction. Physical Exercise. HIIT. Inflamation.
Oxidative Stress.
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1 INTRODUCAO

As doencas cardiovasculares sdo a maior causa de mortes no mundo,
levando mais de 17 milhdes de pessoas a 6bito somente em 2016 (WHO, 2016). No
Brasil, somente em 2018, mais de 380 mil pessoas morreram devido as doencas
cardiovasculares. O Infarto Agudo do Miocardio (IAM) e outras doencas isquémicas
do coracdo sao a principal causa de mortes por doencas cardiovasculares no Brasil
(SBC, 2019).

O evento do IAM decorre da interrupcdo do fluxo sanguineo através das
artérias corondarias para o leito miocérdico, causando isquemia e morte celular
(VAFAIE, 2016). A partir da necrose tecidual, ha a liberacdo de padrbes moleculares
associados a danos (DAMP) pelas células, aumentando assim a producdo de
citocinas pelas células cardiacas e do sistema imune (ONG et al., 2018). Ademais, 0
aumento da producao de espécies reativas de oxigénio (ERO) pelas células lesadas
gera interacdes entre biomoléculas celulares, causando danos ao DNA, peroxidacao
lipidica e de proteinas (SALLAM; LAHER, 2016). Esse cenério de aumento de agentes
inflamatorios e de producdo de ERO no musculo cardiaco, associado as alteracfes
estruturais e hemodindmicas causadas pela perda de cardiomiécitos, trara
consequéncias a funcdo cardiaca, comprometendo a capacidade funcional do
individuo (WEBB et al., 2006).

Visto a importancia de se encontrar terapias adjuvantes para o tratamento
do quadro clinico e funcional desses pacientes, o exercicio fisico (EF) regular se torna
uma ferramenta muito importante para esse manejo. O EF faz parte do programa de
reabilitacdo de pacientes diagnosticados com doencas cardiacas, melhorando o seu
desempenho funcional e qualidade de vida (LAVIE; ARENA; FRANKLIN, 2016).
Ademais, o EF tem sido utilizado no tratamento de inUmeras doencas ligadas a
desordens inflamatdrias. Seu mecanismo de acdo compreende a inducdo um padrao
anti-inflamatério, uma vez que seu efeito pode ser imunorregulador, alterando a
sintese de diversas citocinas e outros marcadores inflamatérios (PEDERSEN, 2017).
Além do seu potencial anti-inflamatério, o EF tem papel antioxidante através das
respostas adaptativas celulares, aumentando a resisténcia a danos oxidativos
gerados pela exposicdo as ERO (MATTSON, 2008; PEAKE et al., 2015).

Atualmente, o treinamento continuo de moderada intensidade é a

modalidade de EF mais utilizado para a reabilitacdo cardiovascular (PIEPOLI et al.,
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2014). No entanto, novas evidéncias tém demonstrado a eficacia do treinamento
intervalado de alta intensidade (da sigla em inglés HIIT — high intensity interval training)
no tratamento de pacientes com doencas cardiovasculares, podendo ser realizado
com seguranca e gerando melhorias na fisiopatologia da doenca, capacidade
funcional e consumo méaximo de oxigénio (VO2max) (QUINDRY et al., 2019).

A intensidade, o volume e a frequéncia de treinamento fisico aerdbico para
pacientes com doencas cardiovasculares ja estd bem estabelecido na literatura. No
entanto, ainda hoje, ndo se tem respostas concretas acerca da dose-resposta de
exercicio fisico sobre pardmetros bioquimicos e cardiometabdlicos e quanto o
treinamento intenso pode afetar mecanismos celulares de leséo e/ou protecdo, ndo
somente no tecido cardiaco, mas em outros tecidos nos quais esses agentes
poderiam atuar.

O presente trabalho se insere na area de doencas crénicas e investigou o
potencial do EF como regulador de processo inflamatério crénico, estresse oxidativo
e melhora da capacidade funcional em ratos Wistar submetidos a cirurgia de infarto
do miocardio. Portanto, a realizacdo deste estudo justifica-se pela necessidade de se
ampliar o conhecimento acerca da modulacdo do estresse oxidativo e perfil
inflamatério causado por ambos os treinamentos, para que, posteriormente, 0s

resultados possam ajudar na pratica clinica de reabilitacdo de pacientes pos-IAM.
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2 REVISAO DA LITERATURA

2.1 INFARTO AGUDO DO MIOCARDIO

2.1.1 Epidemiologia

As doencas cardiovasculares sao a principal causa de mortes no mundo.
De acordo com a Organizacao Mundial da Saude, 17,9 milhdes de pessoas morreram
em 2016 por doengas do sistema cardiovascular, o que caracteriza 31% das mortes
registradas no ano em todo o mundo. O IAM e o acidente vascular encefélico foram
responsaveis por 85% de todas as mortes ocorridas por doencas cardiovasculares
(WHO, 2016).

Nos Estados Unidos, entre 2013 e 2016, a prevaléncia de doencas
cardiovasculares em adultos acima de 20 anos foi de 48%, cerca de 121 milhdes de
pessoas. A prevaléncia de doenca arterial coronariana (DAC) no mesmo periodo foi
de 6,7%, cerca de 18,2 milhdes de americanos. Em 2016, 830 mil pessoas foram a
Obito decorrente de algum evento cardiovascular e 110 mil pessoas por IAM
(BENJAMIN et al.,, 2019). Na Europa, o numero de mortes por doencas
cardiovasculares chega a 4 milhdes, 45% do total de mortes no continente, sendo 1,8
milhdes por DAC (TOWNSEND et al., 2015).

No Brasil, assim como em outros paises, as doencas cardiovasculares sao
a principal causa de mortes. De acordo com a Sociedade Brasileira de Cardiologia,
mais de 4,5 milhdes de pessoas morreram por doencas cardiovasculares de 2004 a
2017, sendo 383.961 somente em 2017. Quando se faz um comparativo do nimero
de mortes de 2004 a 2017, se encontra um aumento gradativo, chegando em 35%.
As doencas isquémicas do coracao, como o IAM, sdo responsaveis por cerca de 30%
de todas as mortes por doencas cardiovasculares, totalizando mais de um milh&o de
mortes de 2004 a 2017 (SBC, 2019).

2.1.2 Etiologia
O IAM é definido como um evento isquémico que ocorre no miocardio

devido a interrupgéo do fluxo sanguineo para o local, 0 que ocasiona a morte de

cardiomiodcitos e necrose miocardica. A isquemia ocorre principalmente pela ruptura,
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fissura ou eroséo da placa aterosclerética, resultando em um trombo que bloqueara o
limen do vaso, interrompendo a irrigacdo do coracdo (ANDERSON; MORROW, 2017;
THYGESEN et al., 2019; VAFAIE, 2016).

A DAC é uma patologia cronica com efeito progressivo ao longo dos anos,
sendo o IAM o resultante da piora desse processo. Os fatores de risco para o
desenvolvimento de um evento isquémico de IAM podem ser divididos em né&o-
modificaveis: género, idade (homens acima de 45 anos e mulheres acima dos 55
anos) e histérico familiar; fatores de risco modificaveis: dieta rica em gordura,
tabagismo, ingestdo excessiva de 4&lcool, obesidade, hipertensdo arterial,
hiperglicemia, dislipidemia e inatividade fisica; fatores de risco emergentes: niveis
sanguineos aumentados de proteina C-reativa, fibrinogénio, homocisteina e
lipoproteina (a), além de calcificacbes nas artérias coronarias (BOATENG,;
SANBORN, 2013; MACK; GOPAL, 2016).

Os sintomas fisicos relacionados com o IAM envolvem angina, dispneia,
fadiga e diaforese, podendo ser associados com nauseas, tontura e taquicardia
(ANDERSON; MORROW, 2017). Para o diagnéstico clinico de IAM sdo necessarios
alguns critérios, tais como valores sanguineos de troponina (C e |) aumentados,
mudanca caracteristica no segmento ST e onda Q no eletrocardiograma, exame de
imagem mostrando hipo ou acinesia na parede ventricular e trombo intracoronério
evidenciado por angioplastia (ANDERSON; MORROW, 2017; VAFAIE, 2016).

O mecanismo primario para o desenvolvimento da DAC é a exposi¢cao
progressiva a fatores de risco e consequente processo de aterogénese (GIMBRONE;
GARCIA-CARDENA, 2013). Esse processo é desencadeado por alteracdes no tecido
endotelial, onde ha modificacdes nos padrdes de sintese e secrecdo de mediadores
pelo endotélio vascular. O endotélio, uma camada de células localizada na parte mais
interna do vaso sanguineo, entre o lumen do vaso e a musculatura lisa, tem funcéo
de secretar substancias que agem de forma paracrina, além de manter a homeostase
e a funcdo vasomotora. A sintese de mediadores pelas células do endotélio é
responsavel por modular a resposta das células da musculatura lisa adjacente, o que
interfere diretamente na complacéncia vascular. O endotélio é responsavel pela
producdo tanto de fatores vasodilatadores (O0xido nitrico e prostaciclina) como
vasoconstritores (endotelina, prostaglandinas, leucotrienos, angiotensina Il), o que em

situagdes ndo-patoldgicas geram um estado homeostéatico. No entanto, em situacdes
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de disfuncdo ou doenca, como no caso da aterosclerose, esse mecanismo de
ineficiéncia vasodilatadora compromete o ténus vascular (HEUSCH et al., 2014).

Fatores de risco como fumo, dislipidemia e hipertenséo arterial sistémica
desencadeiam variacdes em processos hemodinamicos, oxidativos e/ou bioquimicos
no sistema cardiovascular, o que, associado a inflamacéo caracteristica desses
processos, é capaz de aumentar a permeabilidade do endotélio, promovendo a
infiltracdo de mondcitos e particulas de lipoproteinas de baixa densidade (LDL).
Ademias, ocorre modificacdes no ténus vasomotor, disfun¢des trombadticas, migracéao
e proliferacdo de células da musculatura lisa (MATSUZAWA et al., 2015; NABEL,;
BRAUNWALD, 2012; SANTOS-GALLEGO; PICATOSTE; BADIMON, 2014).

O vaso sanguineo, através do fluxo laminar, esta suscetivel a diversas
forcas hemodinamicas, tais como estresse de cisalhamento e pressao hidrostatica.
Em condi¢des normais, esse fluxo desencadeia a producéo de 6xido nitrico pela 6xido
nitrico sintase endotelial, aumentando a dilatagdo do vaso (GIMBRONE; GARCIA-
CARDENA, 2013). J4 em condicbes patoldgicas, o fluxo laminar irregular e baixo
estresse de cisalhamento, associado ao aumento e deposicdo de moléculas de
apolipoproteina B na camada intima do vaso, faz com que haja a sintese de moléculas
de adesdo intercelular, moléculas de adesdo vascular e E-Selectina nas células
endoteliais, gerando uma atracao de mondcitos para a regido subendotelial. Na tunica
vascular, os macrofagos fagocitam as lipoproteinas infiltradas no vaso formando
células espumosas (foam cells), além de promover a sintese de mediadores
inflamatérios que aumentardo e sustentardo o processo de inflamacdo local. O
endotélio lesado gera um aumento de ERO, o0 que, juntamente com o processo de
inflamacéo instalado, gera uma migracdo de células musculares lisa e deposicdo de
colageno no local, resultando na formacéo da placa aterosclerética (Figura 1) (EELEN
et al., 2018; HEUSCH et al., 2014; SWIRSKI; NAHRENDORF, 2013)

Ademais, os macroéfagos infiltrados na tunica do vaso sdo capazes de
produzir enzimas proteoliticas chamadas de metaloproteinases de matriz (MMP) que
poderdo degradar a camada fibrosa da placa, tornando-a mais fina e suscetivel ao
rompimento. Quando essa camada se rompe, todo o material da placa é extravasado
para 0 sangue e a cascata pro-trombotica é desencadeada. Os fatores de coagulagao
sanguinea entram em contato com os mediadores prd-coagulantes secretados pelos
macrofagos contidos na placa, formando o trombo que obstruird a luz do vaso,
caracterizando o IAM (HEUSCH et al., 2014).
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Figura 1 — Processo fisiopatoldgico de formagédo da placa aterosclerética.
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2.1.3 Fisiopatologia

O mecanismo inicial para o evento de IAM é o desequilibrio entre a oferta
e a demanda de oxigénio para a musculatura cardiaca. As primeiras mudancas
estruturais encontradas nos cardiomidcitos acontecem em torno de 10 a 15 minutos
apos o inicio do IAM e compreendem a diminui¢éo do glicogénio celular, relaxamento
das miofibrilas, rompimento do sarcolema celular, hemorragia e infiltracdo de
leucdcitos. Nesse ponto, observa-se alteragdes mitocondriais progressivas a partir dos
10 primeiros minutos apoés a isquemia (HEUSCH; GERSH, 2017; THYGESEN et al.,
2019).
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A cascata de isquemia se inicia na oclusé@o coronéria e o leito miocardico
irrigado pela artéria, torna-se isquémico. As células do tecido miocardico, a partir da
interrupcdo do aporte de oxigénio, mudam seu metabolismo para anaerdbico, o que
as torna menos eficientes na manutencéo da producéo de ATP, acumulando assim, a
partir do metabolismo celular, acido latico. A diminuicdo de ATP atrelada a acidose
intracelular desregula a homeostase ibnica, levando ao aumento descontrolado de
Ca?*, digestdo do citoesqueleto e sarcolema e producdo de ERO, ocasionando morte
celular (HEUSCH; GERSH, 2017; MCALINDON et al., 2014).

2.1.3.1 Inflamacgéao

O processo de inflamacao no tecido cardiaco decorrente do IAM possui
duas fases distintas. A primeira, que comeca logo apés o evento e se estende por até
trés dias, tem como principal objetivo a retirada de restos celulares decorrentes da
morte dos cardiomidcitos. A segunda, que comeca no terceiro dia e se estende até o
sexto, tem como caracteristica a contencao e supressao da resposta pro-inflamatéria
anterior, gerando uma fase de reparacao tecidual (Figura 2) (WESTMAN et al., 2016).

Figura 2 — Representacao das respostas de citocinas de acordo com as fases de inflamacgéo apés o
IAM no musculo cardiaco.
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A morte dos cardiomidcitos é a principal via de sinalizacdo para o processo
inflamatorio inicial, visto que ha liberacdo de DAMP pelas células necrosadas. Os
DAMP séo produtos liberados por células mortas ou tecidos lesados que podem incluir
ATP, DNA mitocondrial, RNA de cadeia dupla, fibronectina, acido urico, além de outros
componentes celulares. A zona adjacente ao dano também pode ser capaz de
desencadear uma reacao inflamatoria, sendo capaz de produzir e secretar citocinas
pré-inflamatérias. As moléculas de DAMP, ao se ligarem aos chamados receptores do
tipo toll (uma familia de receptores de reconhecimento de padrdes) existentes nas
membranas de células imunes, anunciam que o tecido foi lesado, 0 que gera uma
cascata intracelular de ativacdo através do fator nuclear k B (NF-kB), atuando na
liberacdo de citocinas pro-inflamatorias (Figura 3) (ONG et al., 2018; WESTMAN et
al., 2016).

Figura 3 — Processo de producédo de citocinas pro-inflamatérias decorrente da ativagdo de leucécitos
e cardiomidcitos apés o evento do IAM.
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Outro fator que desencadeia a formacao de citocinas pré-inflamatorias é a
ativacdo dos inflamassomas (plataformas proteicas intracelulares com receptores
similares ao dominio de oligomerizacao ligante de nucleotideo que estdo associados
a uma molécula de caspase-1), estimuladas pelos DAMP. A ativacdo da caspase-1
faz com que a célula secrete interleucina 1 B (IL-1B) e interleucina 18 (IL-18) que
estavam em suas formas inativas, gerando mais inflamacéo e recrutamento de células
para o local da leséo (Figura 3) (ONG et al., 2018; WESTMAN et al., 2016).

Os neutrofilos sdo o primeiro tipo de célula de defesa a chegar no local da
leséo, visto que tem a expresséao de receptores de membrana para o reconhecimento
de DAMP aumentada (LATET et al., 2015). Eles agem fagocitando os detritos
celulares resultantes da morte miocitaria, degradando a matriz celular através da
secrecdo de MMP, além de secretar fatores quimioatrativos de monacitos. As células
natural killer (NK) e linfécitos T também séo atraidos para o local da lesdo, secretando
fator de necrose tumoral a (TNF-a), IL-1B e interferon y (IFN-y) (WESTMAN et al.,
2016).

Os monacitos possuem fendtipos diferentes e atuam, dependendo da fase
de inflamag&o decorrente do 1AM, de maneiras antagbnicas. No modelo animal, o
fenotipo inicial (Ly6CM9") possui a funcéo de sintese de mediadores pré-inflamatérios,
sendo atraidos para o local e secretando citocinas pré-inflamatérias como interleucina
1 (IL-1), Interleucina 6 (IL-6), TNF-a e MMP, além de fagocitar cardiomiécitos em
processo de apoptose/necrose, neutrofilos e outros detritos envolvidos na morte
celular (LIU et al., 2017; NAHRENDORF; PITTET; SWIRSKI, 2010; PRABHU,;
FRANGOGIANNIS, 2016). Os mondcitos também sédo capazes de agir na zona
adjacente ao infarto, ativando fibroblastos, secretando MMP e fatores pro-apoptoticos
(SWIRSKI; NAHRENDORF, 2013).

A IL-1 tem o papel de estimular e aumentar a expressédo de moléculas de
adesao nas células endoteliais, promover a sintese de quimiocinas pelas células
mononucleares de defesa, modular a expressdo génica de fibroblastos e das MMP
produzidas por eles, o que tera um papel muito importante no processo de cicatrizacao
e remodelamento cardiaco (KAIN; PRABHU; HALADE, 2014). Ja o TNF-a tem um
papel inotropico negativo gerado a partir do desacoplamento de receptores beta-
adrenérgicos da adenilciclase através da inibicdo da proteina G. Ademais, 0 aumento
de TNF-a esta associado com hipertrofia de cardiomidcitos e com a ativagédo de MMP,

0 que gera remodelamento de matriz extracelular (FELDMAN et al., 2000).
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A fase de reparacéo e cicatrizacdo pos-infarto ocorre devido a supressao e
contencdo do processo inflamatério gerado na fase aguda e depende da producéo de
mediadores anti-inflamatorios e de sinalizacao intracelular para a inibicdo da resposta
inata inflamatéria (PRABHU; FRANGOGIANNIS, 2016). Nessa fase, os mondcitos de
reparacdo (Ly6C'°%) atuam em mecanismos de angiogénese e sintese de matriz
extracelular a partir da secrecdo do fator de crescimento do endotélio vascular e do
fator de crescimento transformador 8 (TGF-B) (PRABHU; FRANGOGIANNIS, 2016;
SWIRSKI; NAHRENDORF, 2013). Ademais, além da diminuicdo dos mondcitos do
tipo Ly6C"9" e aumento dos mondcitos do tipo Ly6C'®", ha um aumento de IL-10
produzida principalmente por células T reguladoras e células mononucleadas M2,
agindo na supressao da sintese de IL-1, IL-6 e TNF-a. O TGF- também age inibindo
a expressao de citocinas e quimiocinas, além de aumentar a producédo de inibidores
teciduais de MMP, para que assim o0 processo de cicatriza¢ao possa ocorrer de forma
efetiva (LIBBY; NAHRENDORF; SWIRSKI, 2016; WESTMAN et al., 2016).

Ainda na fase de reparo cardiaco, ocorre a diferenciacdo da populacéo de
fibroblastos cardiacos em miofibroblastos sintéticos através do aumento da producéo
de TGF-B. Esse fendétipo modificado desenvolve fibras de estresse com expressao de
proteinas contrateis como a a-actina do musculo liso e a isoforma embrionaria de
miosina. Assim, ap6s o evento isquémico, fibroblastos intersticiais que sobrevivem ao
evento, assim como os fribroblastos recrutados da zona adjacente ao evento devido
ao aumento de citocinas pro-inflamatoérias na fase inicial, podem se diferenciar em
miofibloblastos que irdo constituir a &rea cicatricial poés-infarto (PRABHU;
FRANGOGIANNIS, 2016; SHINDE; FRANGOGIANNIS, 2014).

2.1.3.2 Estresse Oxidativo

O termo classico e inicial data de 1985 e descreve o estresse oxidativo (EO)
como um desequilibrio entre a producédo de agentes pro-oxidantes e uma diminui¢ao
das defesas antioxidantes do organismo, sendo a agdo pro-oxidante predominante
(SIES, 1985). Os danos aos componentes celulares, de um modo geral, se dao pelo
aumento de ERO. Esse termo é utilizado para espécies quimicas derivadas do
oxigénio, podendo ser radicais livres (anion radical superdxido e radical hidroxila) ou
nao-radicalares (peréxido de hidrogénio) (KIYUNA et al., 2018). Os elétrons

desemparelhados das ERO interagem com qualquer macromolécula celular
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suscetivel a doacao, tais como lipideos, proteinas e DNA, causando dano celular,
déficit energético e a morte da célula (BAGATINI et al., 2011; KEVIN; NOVALIJA;
STOWE, 2005; TSUTSUI; KINUGAWA; MATSUSHIMA, 2011). As principais fontes de
geracdo de ERO sao cadeia de transporte de elétrons a (CTE) na mitocondria, as
enzimas NADPH oxidase (Nox), xantina oxidase e Oxido nitrico sintase (NOS)
(INCALZA et al., 2018; MUNZEL et al., 2017). As espécies reativas de nitrogénio,
como NO, diéxido de nitrogénio, peroxinitrito e nitritos/nitratos, também representam
um importante papel, visto que essas espécies também sdo capazes de interagir com
macromoléculas e interferir na homeostase celular (SIES; BERNDT; JONES, 2017).

O processo de liberagédo de energia passa pela reducéo tetravalente da
molécula de oxigénio (O2) na CTE na mitocondria. Pelo fato de o mecanismo aceptor
final de elétrons ndo ser inteiramente eficiente, cerca de 0,2 a 4,0% acaba n&o sendo
reduzido e vaza na forma de anion radical superoxido (O,-") da CTE. Esse processo
se torna mais acelerado em situa¢des de maior demanda de Oz e quando h& lesdes
mitocondriais. Ademais, a propria mitocéndria e seu DNA estdo mais suscetiveis a
acao oxidativa e consequente dano devido a proximidade com a CTE, o que afeta a
transcricdo de RNAnmit e sintese proteica, resultando em um declinio de sua funcéo
(IDE et al., 2012; KEVIN; NOVALIJA; STOWE, 2005).

Os mecanismos de defesa celular compreendem agentes antioxidantes
enzimaticos, sendo essas enzimas responsaveis por balancear os efeitos deletérios
das ERO. A SOD ¢é a mais eficiente enzima antioxidante celular e a primeira linha de
defesa contra a producdo de ERO (IGHODARO; AKINLOYE, 2018). O O, é
dismutado na matriz mitocondrial pela manganés-superoxido dismutase (SOD-Mn) em
peroxido de hidrogénio (H202), sendo o restante transportado através de canais
ibnicos para o citoplasma, para entdo ser dismutado pela cobre-superéxido dismutase
(SOD-Cu). Posteriormente, o H202 que se encontra no citoplasma é reduzido a H20 e
O:2 pela acao da glutationa peroxidase ou pela catalase. No entanto, parte desse H20:2
reage com metais de transicéo, geralmente o Fe?*/Fe3*, a partir da reacdo de Fenton
e Haber-Weiss, gerando radical hidroxila (HO®) (BAGATINI et al., 2011; SACK et al.,
2018).

Varios processos biolégicos séo regulados a partir do estado redox celular,
ativando fatores de transcricdo e desencadeando respostas fisiologicas a diversos
estimulos (SACK et al., 2018; SIES; BERNDT; JONES, 2017). As respostas
adaptativas ao aumento da producéo de ERO também estéo ligadas a ativacao génica
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de fatores de transcricdo. Para a manutencédo da homeostase, o H202 pode ativar o
fator nuclear eritréide 2 relacionado ao fator 2 (Nrf2) gerando mecanismos de sintese
de defesas antioxidantes; assim como a ativacdo do NF-kf, induzindo mecanismos
de respostas inflamatdrias. O acionamento desses e de diversos outros fatores de
transcricAo geram mecanismos adaptativos, além de proliferacdo, diferenciacgéo,
apoptose e necrose celular (CHEN; MALTAGLIATI, 2018; ESPINOSA-DIEZ et al.,
2015; PACKER; CADENAS, 2007; RAY; HUANG; TSUJI, 2012; SIES, 2018).

O radical hidroxila € considerado o mais perigoso das ERO. Apesar da sua
meia-vida ser bastante curta, possui um grande potencial de reatividade, causando
danos em biomoléculas préximas ao local de sua producdo. O dano na molécula de
DNA ocorre a partir da reacdo com as bases nitrogenadas e com 0 esqueleto de
desoxirribose da molécula (VALKO et al., 2007).

A partir dos danos celulares causado pelo IAM, h4& o aumento de
mitocdndrias com fungdo diminuida, resultante da reducgéo da atividade do citocromo
C-oxidase e danos peroxidativos na membrana mitocondrial, gerando assim um maior
namero ERO e consequente ciclo vicioso de dano oxidativo ao DNA, peroxidacéo de
lipideos e proteinas, além de morte celular (SALLAM; LAHER, 2016). No coracéo, o
desequilibrio dos mecanismos redox gera a oxida¢ado de proteinas essenciais para o
mecanismo de excitacdo-contracdo dos cardiomidcitos, tais como proteinas
miofibrilares, canais i6nicos e de liberacdo de calcio, podendo assim afetar a
contratilidade do miocéardio. As proteinas estruturais também podem sofrer
modificacdes, sendo possivel alterar sua estrutura e funcdo, aumentando a sua
susceptibilidade a protedlise (MISRA et al., 2009). As ERO também tém papel
modulador de vias de sinaliza¢ao intracelular, visto que sua producao esta associada
a ativacdo de receptores de superficie celular, tais como receptores de citocinas e
receptores acoplados a proteina G. Ambos o0s receptores controlam vias de apoptose
e estdo envolvidos diretamente em desencadear a proliferacdo celular de
cardiomiécitos, pois sua producdo atua na fase G1 do ciclo celular (KEVIN;
NOVALIJA; STOWE, 2005).

O aumento da sintese de TNF-a caracteristico do evento isquémico
também é capaz de aumentantar a producdo de ERO, causando da reducdo do
potencial de membrana mitocondrial, diminui¢cdo de transcricdo génica mitocondrial e
diminuicdo na producéo de ATP, ocasionando assim apoptose celular. Ademais, o

TNF-a é capaz de interferir em mecanismos de acao antioxidante através da deplecéo
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de nicotinamida adenina dinucleotideo (NADH), importante coenzima responsavel
pelo transporte de elétrons, e a partir da reducao de agentes antioxidantes (FERRARI
et al., 2004). O aumento de ERO a partir de situacdes patolégicas pode desencadear
a maturacdo das IL-1B e IL-18 a partir do acionamento do NF-kB e consequente
mobilizacdo dos inflamassomas (INCALZA et al., 2018).

O processo de apoptose celular envolvendo o aumento de ERO esta
relacionado principalmente com danos ao DNA, gerando ativacdo da proteina poli-
ADP-ribose transferase e consequente deplecdo de NADH, o que resultara em
diminuicdo de sintese de ATP e morte celular. Além disso, 0 aumento no EO gera a
ativacdo da proteinas responsaveis pelo ciclo celular e ativagdo de genes

responsaveis por iniciar o processo de apoptose celular (FERRARI et al., 2004).

2.1.3.3 Altera¢cdes Hemodinamicas

Apoés o infarto, o coracdo sofre alteracdes estruturais e funcionais,
principalmente um remodelamento do ventriculo esquerdo (VE), podendo evoluir para
um quadro de insuficiéncia cardiaca. Essas altera¢fes, tanto ao nivel intracelular
guanto extracelular, trardo consequéncias para a parede da cavidade e, com 0
decorrer do tempo, mudardo a arquitetura do ventriculo e os padrdes de volume
intraventriculares (WEBB et al., 2006). As alteracbes hemodinamicas que decorrem
apos o IAM dependeréo do local da lesdo, do tamanho da area lesada e da quantidade
de cardiomiocitos perdidos. Ademais, a estimulacdo do sistema nervoso simpatico, do
sistema renina-angiotensina-aldosterona e da secrecdo do peptideo natriurético tipo-
B também irdo mediar as altera¢cdes pressoricas e de volume, ndo sé no coragcdo, mas
também na circulacao sistémica (KAIN; PRABHU; HALADE, 2014).

As mudancas que ocorrem a curto prazo, logo nas primeiras horas e se
estendem por dias, vao afetar tanto a area do miocardio infartada quanto a nao-
infartada. O influxo de células do sistema imune para o local ir4 gerar uma degradacéo
de colageno interfibrilar para tentar manter a presséo e volume nos padrées sistolicos
e diastélicos normais. Ao mesmo tempo, fibroblastos séo atraidos para a regiao lesada
com o intuito de formar um tecido cicatricial através da deposicdo de colageno no
local, tornando-a mais fina e alongada (BHATT; AMBROSY; VELAZQUEZ, 2017;
GALLI; LOMBARDI, 2016; PFEFFER; BRAUNWALD, 1990). Os mondécitos também

podem degradar a area do miocéardio remanescente, podendo alterar a geometria
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ventricular. Eles sdo capazes de gerar protedlise na matriz de colageno do miocérdio
e ativacao de fibroblastos, provendo fibrose intersticial, além de secretar fatores pro-
apoptoticos que irdo agir nos cardiomidcitos (SWIRSKI; NAHRENDORF, 2013).

Alguns mecanismos compensatorios a curto prazo irdo manter a pressao e
o0 volume dentro dos padrfes normais mesmo com uma regido acinética do ventriculo.
O VE se dilata como mecanismo compensatério para melhorar a funcdo da bomba
através da propria distensdo da parede e do aumento da atividade cronotrépica e
inotropica a partir do acionamento do sistema adrenérgico (através do mecanismo de
Frank-Starling) (PFEFFER; BRAUNWALD, 1990; WESTMAN et al., 2016).

A longo prazo, em virtude da sobrecarga pressorica na area remanescente
ao evento, ocorre hipertrofia dos cardiomiocitos e consequente dilatacdo da cavidade
do VE. Devido as altera¢gdes da arquitetura do ventriculo e a perda de cardiomidcitos,
0 coracdo ndo consegue de forma efetiva bombear o sangue para a circulacao
sistémica, tornando-se ineficiente na funcdo de ejecdo do sangue, 0 que pode
ocasionar o aumento do volume sistdlico e diastdlico final do VE e diminuicdo da
fracdo de ejecdo (FE) desses individuos (COHN; FERRARI; SHARPE, 2000;
PFEFFER; BRAUNWALD, 1990).

2.2 EXERCICIO FISICO

2.2.1 Efeitos sobre o Sistema Cardiovascular

O coracdo é considerado uma bomba cuja funcdo é manter o aporte de
oxigénio e nutrientes para si e para o restante do corpo. Para manter sua eficiéncia,
ele é responsavel por cerca de 20% do consumo de oxigénio, cujo destino € um
complexo mecanismo metabdlico e contratil responsavel pela manutencéao do fluxo,
mesmo em condi¢cdes de exercicio, em que a demanda de trabalho aumenta
significativamente (VEGA et al., 2017). O fluxo sanguineo eleva durante a sessédo de
EF para fornecer aporte de oxigénio principalmente para a musculatura ativa e para o
miocardio, tecidos que prioritariamente necessitam de mais oxigénio (HEINONEN et
al., 2014).

A aptidao cardiorrespiratéria pode ser entendida como sendo a capacidade
dos sistemas circulatorio e respiratério de manter a oferta de oxigénio para os tecidos

que participam do EF, principalmente o tecido muscular ativo (ZHANG et al., 2017).
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Esse pardmetro é obtido através da medida de VO2zmax, sendo ele fortemente
relacionada com desfechos adversos nas doencas cardiovasculares, além de ser um
parametro independente para a predicdo de mortalidade, pois tem uma associacao
inversa para o risco de morte por eventos cardiacos ou por todas as causas
(KETEYIAN et al., 2008; LAUKKANEN et al., 2016; NAUMAN et al., 2016). Ja o débito
cardiaco (DC) é a variavel mais importante para a determinacdo do VOzmax, cuja
formula foi definida através da equacéo de Fick: VO2 = DC x diferenca arteriovenosa
de O2. O DC aumenta durante o EF devido ao aumento da frequéncia cardiaca e do
volume sistdlico. Esse aumentado a partir do volume diastdlico final do VE e da
contratilidade miocardica, explicando assim o incremento do VO2zmax. (LAVIE et al.,
2015). Outro mecanismo para a justificativa da melhora do VO2max a partir do EF é a
ativacdo na musculatura periférica de vias de sinalizacdo da molécula de coativador-
1a do receptor ativado por proliferador de peroxissimo (PGC1-a), gerando biogénese
mitocondrial. A ativacdo dessa via € desencadeada através da diferenca de ADP/AMP
associada a ativagdo da 5' proteina cinase ativada por AMP (AMPK) nas células

musculares durante o exercicio (GIBALA et al., 2012).

2.2.2 Efeitos Metabdlicos Cardiacos

O coracédo possui grandes exigéncias energéticas e metabdlicas, as quais
ficam desreguladas a partir do evento isquémico do IAM. A principal fonte de energia,
que anteriormente era a oxidacdo de acidos graxos, posterior ao infarto, torna-se
predominantemente a oxidacdo de glicose. Cada sessao de exercicio fisico aerdbico
€ capaz de aumentar o DC em até 6 vezes, fazendo com que a demanda de ATP seja
suprida pela fosforilacdo oxidativa no interior da mitocondria. As sessfes consecutivas
de treinamento sdo capazes de aprimorar o manejo da glicose e acidos graxos no
metabolismo energético do coracédo, aléem de atuar na biogénese mitocondrial a partir
da regulacao positiva da AMPK e PGC1-a (MANN; ROSENZWEIG, 2012).

A regulacdo do Ca?* intracelular é fundamental para a contracdo do
cardiomidcito. A diminuicdo da atividade da Ca?*-ATPase do reticulo sarcoplasmatico
(SERCA) leva a reducdo da recaptacdo de Ca?*, comprometendo a contratilidade
cardiaca. O EF é capaz de aumentar a atividade do trocador de Na2*/Ca?* (proteina

de membrana responsavel por regular o gradiente de Ca?* intracelular) e aumentar a
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atividade da SERCA, melhorando a contratilidade cardiaca (ADAMS et al., 2017,
MANN; ROSENZWEIG, 2012).

Atualmente, estudos tém mostrado que o EF € uma ferramenta muito
importante na formacdo de novos cardiomiocitos apos lesdo isquémica
(FIGUEIREDO; CORIOLANO; DUARTE, 2014; VUJIC et al., 2018), sendo capaz de
ativar, mobilizar e promover a diferenciacdo em células tronco residentes cardiacas e
células progenitoras cardiacas, atuando na formacdo da novos cardiomiocitos
(FIGUEIREDO; CORIOLANO; DUARTE, 2014). Ademais, o EF também é capaz de
modular a expressado da sirtuina-1 no coracdo, sendo essa responsavel por ser um
dos fatores de crescimento e sobrevivéncia do cardiomiocito; assim como a sirtuina-
3, uma sirtuina mitocondrial que tem funcdo protetora contra as ERO (MANN;
ROSENZWEIG, 2012). O EF atua também no sistema ubiquitina proteassoma e na
sinalizagdo mediada por miostatina no musculo cardiaco. Ambos 0s mecanismos
estdo relacionados com a atrofia de cardiomiocitos, sendo o EF capaz de modular a
ativacdo desses mecanismos, além de aumentar o fator de crescimento semelhante
ainsulinatipo 1 (IGF-1) e promover hipertrofia cardiaca através da via fosfatidilinositol-
3-cinase/proteina cinase B (ADAMS et al., 2017).

2.2.3 Efeitos sobre a Inflamacéao

Durante o EF, a partir da contracdo muscular gerada por ele, ha um
aumento da producédo de diversas miocinas, entre elas a IL-6. Essa miocina, que
durante o exercicio pode aumentar sua concentracdo em até 100 vezes, tem efeito
anti-inflamatério a partir da modulacéo da produc¢éo de IL-10, antagonista do receptor
de IL-1 (IL-1ra) e supressdo de TNF-a (PEDERSEN, 2017; STEENSBERG et al.,
2003; WILUND, 2007). A magnitude na qual ela é produzida ira depender de fatores
associados ao EF, tais como: intensidade, duracdo e a dimensdo da musculatura
esquelética envolvida (ANTUNES et al.,, 2019; PEDERSEN; FISCHER, 2007). Ao
contrario da producdo de IL-6 que ocorre devido a ativacdo da via NF-kB em
monaocitos, a producdo de IL-6 na musculatura € regulada pela ativacdo de vias
relacionadas com Ca?*, p38 proteina cinase ativada por mitégeno (p38 MAPK) e
decréscimo de glicogénio muscular (ANTUNES et al.,, 2019; PEDERSEN, 2011;
SCHEELE; NIELSEN; PEDERSEN, 2009).
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A IL-10, como j& mencionado anteriormente, tem um papel muito
importante no mecanismo de reparacao tecidual e supresséo da inflamacéao no local
da lesdo miocardica pos-IAM. O fato dessa citocina ser produzida por diferentes
grupos celulares e sua modulacéo estar diretamente associada ao EF demonstra seu
importante papel também no ambiente anti-inflamatério sistémico gerado pelo
treinamento fisico (BATISTA JUNIOR et al., 2009). Por outro lado, citocinas com perfil
pré-inflamatérios, como TNF-a e IL-1B8, ndo aumentam durante as sessdes de
treinamento, demonstrando que a cascata de producao de citocinas envolvida com
acao da musculatura difere da cascata gerada por eventos como o IAM (PEDERSEN,
2011; WILUND, 2007).

A partir do déficit energético gerado pelo EF e um influxo maior de Ca?*
intracelular, ha uma ativacdo da MAPK e consequente fosforilacdo do PGC-1a. No
nacleo celular, o PGC-1a age como coativador regulador de receptores nucleares
envolvidos com biogénese mitocondrial, expressdo de enzimas e proteinas
desacopladoras na CTE (JAGER et al., 2007; LIN; HANDSCHIN; SPIEGELMAN,
2005). O PGC-1a produzido nas células musculares € capaz de inibir o NF-kf,
diminuindo assim a sintese de citocinas proé-inflamatérias (HANDSCHIN;
SPIEGELMAN, 2008).

Dada a extensdo da musculatura esquelética e sua funcdo como érgao
secretor de citocinas, o musculo acaba tendo grande importancia sobre o
funcionamento e metabolismo de outros 6rgaos, visto que a secrecdo de diversos
fatores acabam sendo direcionados para a circulagdo (PEDERSEN, 2011). O aumento
nos niveis de citocinas anti-inflamatérias apdés sessdes agudas do EF gera um
ambiente com efeitos antagbnicos e de supresséao a “inflamagao sistémica crbnica de
baixo grau” gerada a partir do IAM, o que, por fim, acaba estabelecendo um efeito
anti-inflamatoério crénico (BATISTA JUNIOR et al., 2009; PEDERSEN; FISCHER,
2007).

2.2 .4 Efeitos sobre o Estresse Oxidativo

O desequilibrio entre os agentes pro-oxidantes e as defesas antioxidantes
do organismo decorrem de diversos processos, tanto fisioldgicos (envelhecimento e
exercicio) quanto patolégicos (doencas cardiovasculares) (VALKO et al., 2007). O

termo “hormesis” tem como significado o processo de respostas adaptativas de
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células ou organismos que foram expostos a determinados tipos de estresse,
tornando-os mais resistentes a um subsequente evento estressor. Em resposta a
esses fatores, para manter a homeostase, mecanismos celulares e de transcricdo
génica sao acionados (MATTSON, 2008; PEAKE et al., 2015).

O EF é considerado um grande agente causador de estresse ao individuo,
gerando uma exposicdo a estresse mecanico, metabdlico, termorregulatério e
oxidativo. A exposicao crbnica ao treinamento gera mecanismos compensatorios e
adaptativos, tornando o organismo mais tolerante para o evento subsequente
(MERRY; RISTOW, 2016). O efeito do EF sobre a modulacéo redox ira depender de
diversos fatores, incluindo idade, sexo, nivel de treinamento do individuo, intensidade
e duracdo do exercicio (PINGITORE et al., 2015). A partir da realizacdo de uma
sessdo de EF, ha um maior acionamento da CTE para fornecimento de energia a partir
da contragdo muscular, aumentando a necessidade de O2, ocasionando por fim, a
producdo excessiva e acumulo de ERO no tecido. Além disso, h4 um aumento de
fontes de O,-* a partir da Nox e xantina oxidase (OST et al., 2016).

Uma sessao de EF gera peroxidacéo lipidica, dano em DNA e proteinas.
No entanto, a regularidade das sessfes € capaz de gerar adaptacdes a partir das
sucessivas exposi¢cdes as ERO, induzindo mecanismos de reparo e resisténcia ao
EO, além do aumento da producdo de agentes antioxidantes (JI; KANG; ZHANG,
2016; OST et al., 2016). A partir da contracdo muscular e dos danos em estruturas
celulares, ocorre a ativacdo da AMPK, NF-kB e MAPK na musculatura esquelética,
aumentando a sintese de PGC-1a. A partir da agdo do PGC-1a na expressao génica,
mecanismos para a biogénese mitocondrial e producdo de antioxidantes ocorrem.
Ademais, a contracdo muscular é capaz de produzir as proteinas de choque térmico
(HSP), importantes proteinas com acao protetora contra lesdes teciduais geradas pela
exposicao as ERO (MCARDLE et al., 2001; PEAKE et al., 2015).

A producdo de NO também aumenta com o EF a partir da agcdo da oxido
nitrico sintase induzivel (iNOS), podendo reagir com O,-* e gerando peroxinitrito com
consequente dano celular. No entanto, a molécula de NO também é capaz de agir
como vasodilatora, aumentando o fluxo sanguineo vascular e intramuscular (JI;
KANG; ZHANG, 2016).
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2.3 PAPEL DO EXERCICIO FiSICO NA REABILITACAO CARDIACA

A partir das altas taxas de mortalidade e hospitalizacdes por eventos
cardiovasculares, a reabilitacdo cardiaca é uma ferramenta muito importante para a
recuperagdo do individuo e de prevencdo de um novo evento. Para isso, diversas
abordagens se fazem necessérias para o0 paciente voltar a rotina e as atividades de
vida diaria, ndo sO6 por meio do exercicio, mas também de um programa
multidisciplinar que inclui educacdo em saude, orientacdes sobre mudancas de
hébitos associados a fatores de risco e mecanismos de controle do estresse. Nos
altimos anos, tem-se adotado um consenso acerca da importancia do EF de diversas
modalides para pacientes com doencas cardiovasculares, mesmo aqueles com alto
grau de severidade e comprometimento pela doenca, pois a inatividade fisica é
altamente prejudicial ao quadro e acelera o processo de desenvolvimento da doenca
(DALAL; DOHERTY; TAYLOR, 2015; MCMAHON; ADES; THOMPSON, 2017). A
American Heart Association classificou o sedentarismo como fator de risco com maior
potencial de mudanca dentro do quadro de doencas cardiovasculares (LAVIE et al.,
2015). Assim, o programa de reabilitagdo cardiaca tem como objetivos limitar os
efeitos deletérios causados pela doenca cardiaca, bem como reduzir o risco de um
novo evento e estabilizar o processo de aterosclerose instalado no paciente (DALAL,;
DOHERTY; TAYLOR, 2015; PRICE et al., 2016).

O EF pode ser encarado como um dos mecanismos centrais para a
melhora da qualidade de vida desses pacientes, modificando fatores de risco e
tornando esse paciente mais saudavel e ativo. Dentre as melhorias funcionais
atribuidas ao exercicio estdo a melhora da funcao cardiaca, o aumento da tolerancia
ao exercicio e a diminui¢ao dos sintomas relacionados a doenca (PRICE et al., 2016).

A reabilitagéo cardiaca através do EF aerdbico é fortemente recomendada
para pacientes com DAC e pos-IAM, sendo considerada a principal modalidade de
treinamento (LAVIE; ARENA; FRANKLIN, 2016; LAWLER; FILION; EISENBERG,
2011; PARASHAR et al., 2012; PIEPOLI et al., 2016; PRICE et al., 2016) e sendo
capaz de diminuir a mortalidade, a chance de um novo evento e as hospitalizacdes
desses pacientes (ANDERSON et al., 2016; LAWLER; FILION; EISENBERG, 2011).
O EF aerobico ja estda bem documentado como sendo eficaz e seguro, com classe |
de recomendacao para esses pacientes (BALADY et al., 2011; THOMAS et al., 2007).
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2.4 TREINAMENTO CONTINUO DE MODERADA INTENSIDADE

O treinamento continuo de moderada intensidade é hoje o principal
programa de treinamento para a reabilitacdo de pacientes diagnosticados com
doencas cardiovasculares. Considerado um exercicio seguro, de facil controle, com
resultados significativos na melhora da capacidade funcional, aptidao
cardiorrespiratéria e reducéo de sintomas, contribui significativamente para a reducao
de riscos e mortalidade desses pacientes (FLETCHER et al., 2013; LAVIE et al., 2015;
PRICE et al., 2016). No exercicio aerdbico, os sistemas cardiovascular, pulmonar e
musculoesquelético trabalham juntos para gerar uma resposta adaptativa ao exercicio
(LAVIE et al., 2015).

Embora as ultimas atualizacdes nas recomendacdes para prescricao de EF
para essa populacdo sejam de muitos anos atras, as mesmas continuam sendo
adotadas em programas de reabilitacdo cardiaca e estudos envolvendo EF como
agente de reabilitacdo (BATACAN et al., 2017; CONRAADS et al., 2015; ELLINGSEN
et al., 2017). A prescricdo do treinamento continuo de moderada intensidade ndo tem
um consenso exato sobre a duragéo e a intensidade das sessdes (PRICE et al., 2016).
A European Society of Cardiology, juntamente com a European Association for
Cardiovascular Prevention and Rehabilitation, preconizam 20 a 30 minutos de
exercicio por sessdo, 3 sessdes por semana (de preferéncia 6 a 7), com intensidade
de 50 a 80% do VOzpico 0u da frequéncia cardiaca de pico (FCpico), 40 a 60% da
frequéncia cardiaca de reserva (FCR) e escala subjetiva de Borg de 10 a 14 (CORRA
et al., 2010).

A American Heart Association juntamente com a American Association of
Cardiovascular and Pulmonary Rehabilitation recomendam em torno de 20 a 60
minutos por sesséo, 3 a 5 dias por semana, com intensidade de 40 a 80% do VO2 de
reserva ou da FCR com valores de 11 a 16 na escala de Borg (FLETCHER et al.,
2013; WILLIAMS; BALADY, 2009). O American College of Sports Medicine
recomenda 20 a 60 minutos por sessdo com 5 a 10 minutos de aquecimento, 3 ou
mais sessdes de treinamento por semana, com intensidade de 40 a 80% da FCR, VO2
de reserva, VOzpico, cOm valores de 11-16 na Escala de Borg. Os tempos e
intensidades do treinamento irdo variar conforme a tolerancia do paciente durante a
evolucéo do treinamento (ACSM, 2014).
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2.5 TREINAMENTO INTERVALADO DE ALTA INTENSIDADE (HIIT)

O HIT é uma modalidade de EF que tem como caracteristica periodos
curtos de trabalho com intensidade elevada (80 a 95% do VO2max ou da FCmax)
intercalados com periodos de recuperacéo de baixa intensidade (40 a 50% do VO2max)
(ROY, 2013). Inicialmente, os protocolos de HIIT foram desenvolvidos para a melhora
do condicionamento cardiorrespiratorio de atletas, contudo, com prescricdes
adequadas, a mesma forma de treinamento pode ser utilizada para pacientes com
doencas cardiovasculares. Os principios que regem a prescricdo do HIIT para esses
pacientes sdo os mesmos utilizados para populacbes saudaveis: periodos de baixa
intensidade devem fazer com que o sistema cardiopulmonar do individuo se recupere
parcialmente dos periodos de alta intensidade, o que permite que ele seja capaz de
realiza-los novamente. O conceito fisiolégico que esta por tras do HIIT é a quantidade
de tempo somado que o individuo permanece em uma intensidade mais alta do que
normalmente conseguiria fazer em um treinamento continuo, fazendo com que se
consiga chegar em um VOzmax mais alto, gerando adaptacbes no sistema
cardiorrespiratério (ARENA et al., 2013). Nesses individuos, o trabalho pode ser
realizado com caminhadas, ciclismo, remo, nado ou outras formas de exercicio, sendo
sempre prescrita de maneira individualizada e adequada para cada paciente (GILLEN;
GIBALA, 2013).

O HIIT tem aparecido em novos consensos de programas de reabilitacdo
cardiaca através do EF, no entanto, eles demonstram néo ter evidéncias suficientes
da sua eficicia e seguranca para ser amplamente recomendado para esses pacientes
(ACSM, 2014; FLETCHER et al., 2013; MEZZANI et al., 2012). A modalidade esta
sendo bastante discutida na literatura como sendo uma alternativa para esses
pacientes, isso porque algumas meta-analises e estudos clinicos randomizados
demonstram que o HIT é superior na melhora de variaveis como VO2max, fungéo
endotelial, varidveis hemodindmicas e diminuicdo de riscos -cardiovasculares
(CARDOZO; OLIVEIRA; FARINATTI, 2015; ELLIOTT et al., 2015; HANNAN et al.,
2018; HUSSAIN; MACALUSO; PEARSON, 2016; ITO; MIZOGUCHI; SAEKI, 2016;
JAUREGUIZAR et al., 2016; LIOU et al., 2016; MOHOLDT et al., 2012; RAMOS et al.,
2015; REED; ROSSI; CANNON, 2017; ROGNMO et al., 2004; WARBURTON et al.,
2005; WESTON; WISL@FF; COOMBES, 2013; WISLJFF et al., 2007). Além disso,
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alguns estudos tém demonstrado maior aderéncia ao EF através de protocolos de
HIIT, sendo uma opgéo considerada mais agradavel do que o treinamento continuo
convencional (BARTLETT et al., 2011; GIBALA et al., 2012).

Em contrapartida, um estudo com pacientes com DAC demonstrou que
ambas as modalidades de EF foram capazes de aumentar igualmente 0 VOzmax €
melhorar a fungao endotelial (CONRAADS et al., 2015). Ainda, o HIIT ndo se mostrou
mais eficiente do que o treinamento continuo no remodelamento cardiaco, melhora da
funcdo ventricular esquerda e capacidade aerdbica em pacientes com insuficiéncia
cardiaca (ELLINGSEN et al., 2017).

2.6 MODELO EXPERIMENTAL

As doencas cardiovasculares e suas complicacdes sao as maiores causas
de mortalidade no mundo. O uso de modelos animais para o estudo e investigacéo
dessas doencas é uma ferramenta muito importante, pois permite compreender
mecanismos etioldgicos e suas implicacdes na fisiopatologia da doenca, assim como
descobrir novas estratégias de prevencdo e tratamento para utilizacdo na pratica
clinica (ZARAGOZA et al., 2011).

O modelo de indugéo do IAM mais utilizado em ratos consiste na ligadura
da artéria coronaria descendente esquerda. Através desse procedimento, mimetiza-
se o0 processo de interrupcédo do fluxo sanguineo através das artérias coronarias para
o leito miocérdico caracteristico da DAC (Figura 4) (JOHNS; OLSON, 1954; PFEFFER
et al., 1979). Para o diagnostico de IAM se fazem necesséarias avaliaces
ecocardiograficas para fins de deteccédo de areas com hipo ou acinesia, diametros de
parede ventricular e fungcdo hemodinamica, assim como o calculo da area infartada,
podendo ser mensurada através do método de planimetria a partir da dissecacéo do
VE apos a eutanasia do animal (LINDPAINTNER et al., 1993; MARTINEZ et al., 2011;
MILL et al., 1990). Embora esse modelo seja 0 mais utilizado para induzir o quadro de
leséo miocardica, ele ndo expde o animal aos mecanismos etioldgicos iniciais do IAM
decorrente do processo aterosclerético. Apesar desse quadro de alteragcbes
preliminares serem de suma importancia para o evento isquémico em seres humanos,
o modelo animal em ratos Wistar ndo possibilita a fisiologia necesséria para que o IAM

ocorra de forma espontanea, necessitando assim a intervencdo de forma cirdrgica
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para que se possa estudar diferentes estratégias para o0 manejo de pacientes que
sofreram o evento.

O EF é amplamente utilizado na pratica experimental para avaliagcdo de
seus efeitos protetores em uma ampla gama de sistemas, em especial no sistema
cardiovascular. O modelo animal se mostra bastante responsivo a diferentes
protocolos de exercicio, podendo assim, serem avaliadas possiveis modulacfes em
diversos parametros relacionados com intensidade, volume, frequéncia e
modalidades de treinamento (FENG et al., 2019).

Figura 4 — Modelo de inducao do IAM através da ligadura da artéria corondria descendente esquerda
(A e B) e cicatriz localizada no VE causada pelo procedimento (C).

Fonte: Adaptado de Katz et al., 2019 e arquivo pessoal.
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3 OBJETIVOS

3.1 OBJETIVO GERAL

Avaliar o efeito do HIIT e do treinamento continuo de moderada intensidade
na capacidade funcional, perfil inflamatério e marcadores de estresse oxidativo em

ratos Wistar submetidos ao IAM.

3.2 OBJETIVOS ESPECIFICOS

- Avaliar a capacidade funcional através da distancia, tempo para exaustao
e velocidade maxima obtidas no teste de esforco maximo no inicio do experimento,
durante o protocolo de intervencéo e ao final do experimento;

- Mensurar as concentragdes das citocinas IL-10 e TNF-a no tecido
muscular cardiaco e musculo gastrocnémio;

- Mensurar os biomarcadores de dano oxidativo (concentracdo de
malondialdeido e 2’,7’-diclorofluoresceina) no tecido muscular cardiaco e musculo
gastrocnémio;

- Mensurar a concentracdo de glutationa total e a atividade da enzima

superoéxido dismutase no tecido muscular cardiaco e musculo gastrocnémio.
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ABSTRACT

Purpose: To investigate the effect of high-intensity interval training (HIIT) and moderate-intensity
continuous training (MICT) on functional capacity, tissue cytokines levels and redox state in a rat model of
myocardial infarction. Methods: Eighteen male Wistar rats were allocated to the acute sedentary group (SED,
n=6), MICT (n=6), and HIIT (n=6). Exercise training was performed 5x/week for eight weeks. Results: Both
trained groups presented differences compared to the SED group in the distance, time to exhaustion, and maximal
velocity in the eighth week. In the left ventricle, the IL-10/TNF-a ratio was higher in the MICT group when
compared with the SED group. In gastrocnemius muscle, both groups were effective in improving IL-10, TNF-aq,
and IL-10/TNF-a ratio. Total glutathione concentration was higher in both trained groups in gastrocnemius and
cardiac tissue when compared with the SED group. The total reactive oxygen species (ROS) cardiac level was
lower in the HIT group when compared to the SED group. Also, the DCF gastrocnemius level was lower in the

HIIT group when compared to the MICT group. The cardiac lipoperoxidation level was lower in both trained
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groups when compared with the SED group. Conclusion: Eight weeks of exercise training increased functional
capacity. However, the MICT protocol seemed to be superior to HIIT. Both protocols could not have the ability to
modulate the inflammatory profile in cardiac tissue, although this effect occurred in gastrocnemius muscle. Both
protocols improved oxidative stress parameters, although the HIIT protocol seemed to be more effective in
decrease oxidative tissue damage.

KEYWORDS: Myocardial Infarction. Physical Exercise. HIIT. Inflammation. Oxidative Stress.

ABBREVIATIONS
HIIT — High Intensity Interval Training; IL-10 - Interleukin 10; IL-6 - Interleukin 6; MI — Myocardial Infarction;
MICT — Moderate Intensity Continuous Training; OS — Oxidative Stress; ROS — Reactive Oxygen Species; SED

— Sedentary; TNF-a - Tumor Necrosis Factor-alpha.

INTRODUCTION

Myocardial infarction (M) is one of the main causes of cardiovascular deaths in the world, being a severe
problem of public health (World Health Organization 2016). MI generates interruption of blood flow through
vessel lumen blockage, causing cellular apoptosis and cardiomyocytes death (Thygesen et al. 2019). Furthermore,
MI triggers the activation of intracellular cascade of proinflammatory cytokines expression, mainly tumor necrosis
factor-alpha (TNF-a) (Westman et al. 2016; Ong et al. 2018) and increases the generation of reactive oxygen
species (ROS) in cardiac tissue (Misra et al. 2009; Minzel et al. 2017). Commonly, the damage to the cellular
components, are related to an imbalance between pro and anti-oxidant mediators (Kiyuna et al. 2018) and its
interaction with macromolecules such as lipids, proteins and DNA, causing cell damage, energy deficit and cell
death (Kevin et al. 2005; Bagatini et al. 2011; Tsutsui et al. 2011).

Previous studies evaluated the protective effect of exercise training on several parameters of hemodynamic,
metabolic and functional variables of cardiovascular, respiratory and muscle tissues in cardiovascular diseases
(Giallauria et al. 2009; Currie et al. 2013; Conraads et al. 2015). Furthermore, the molecular basis of rehabilitation
now recognize the effect physical exercise as an adjuvant treatment for patients with cardiovascular diseases
through the modulation of inflammation parameters (Adamopoulos et al. 2002; Goldhammer et al. 2005; Ribeiro
et al. 2012) and oxidative stress (Edwards et al. 2004; Linke et al. 2005; Meirelles et al. 2014). Continuous
moderate-intensity aerobic training is the primary training program recommendation in several guidelines for the
rehabilitation of patients diagnosed with cardiovascular diseases. (Fletcher et al. 2013; Lavie et al. 2015; Price et
al. 2016). However, high-intensity interval training (HIIT) has appeared as new consensus for rehabilitation
programs (Mezzani et al. 2012; Fletcher et al. 2013; ACSM, 2014) as an alternative for these patients, once that
shows to be superior in the improvement of maximal oxygen uptake, hemodynamic variables and reduction of
cardiovascular risks (Rognmo et al. 2004; Warburton et al. 2005; Wislgff et al. 2007; Moholdt et al. 2012; Cardozo
et al. 2015; Jaureguizar et al. 2016).

It is now well recognized that the intrinsic relationship between inflammation and ROS generation plays a
pivotal role in the damaged heart tissue after ischemic events (Ong et al. 2018), affecting not only the heart but
also skeletal muscle by decreasing local perfusion (Lunde et al. 2001). On the other hand, exercise is considered
as non-pharmacological and low-price rehabilitation treatment with an anti-inflammatory agent, since from the

muscle contraction generated by it, there is an increase in the production of several cytokines with greater
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immunomodulatory and metabolic effects (Pedersen 2017). Furthermore, physical exercise also can be an anti-
oxidant agent, generating positive adaptations in both non-enzymatic and enzymatic anti-oxidant agents from
successive exposures to ROS, inducing mechanisms of repair and resistance to oxidative stress (OS) (Ji et al. 2016;
Ost et al. 2016). However, to the best of our knowledge, no previous studies evaluated the impact of HIIT or MCIT
on inflammatory and redox state of metabolically active tissues that are impacted by acute myocardial infarction.

Therefore, the purpose of this study was to evaluate the impact of eight weeks of HIIT and MICT protocols
on functional capacity with inflammatory profile, oxidative stress in cardiac muscle, and gastrocnemius muscle of

infarcted rats.

METHODS
Animals and Ethical Approval

Male Wistar rats (280g to 350g; = 90 days old) from the animal room of Universidade Federal de Ciéncias
da Salde de Porto Alegre (UFCSPA) were kept in cages under conditions of food and water ad libitum,
temperature between 22 and 24°C, and a light-dark cycle of 12 hours. Experimental protocols followed the Guide
for the Care and Use of Experimental Animals published by the US National Institutes of Health (NIH, 2011), the
National Laws of Care and Ethics in Scientific Experimentation (11.794/2008) and Resolution n°® 39/2018 of
National Council for Control of Animal Experimentation (CONCEA). The research protocols were approved by
the Ethics Committee on the Use of Animals of the Universidade Federal de Ciéncias da Saude de Porto Alegre
(UFCSPA) (213/17).

Myocardial Infarction Surgery

The animals were anesthetized with isoflurane 2-3% associated with a concentration of 100% oxygen. The
anesthetic depth level was conferred through eyelid reflexes, interdigital and caudal reflexes, and muscle tone. A
catheter was used to perform endotracheal intubation, connecting the rats to a mechanical ventilator with a
breathing rate of 60 breaths/min. After procedures, an incision was made among the 4th and 5th intercostal space
previously trichotomized, the heart was exposed and was made the left descending coronary artery ligation with a
6-0 mono nylon suture. The thoracic north was closed with a 3-0 mono nylon suture, and the pneumothorax
removal procedure was done with a 2-3 ml syringe, and the skin was sutured with a 3-0 mono nylon suture.

Mechanical ventilation was withdrawn to check spontaneous breathing movements (Capalonga et al. 2016).

Experimental Design
Five weeks after MI, eighteen animals were allocated in three groups: sedentary (SED, n=6), intensity

continuous training (MICT, n=6), and high-intensity interval training (HIIT, n=6).

Maximal Treadmill Exercise Test

Five weeks after the MI surgery, the animals were familiarized with the treadmill in three settings (starting
at 10m/min with increase of 5 m/min, totalizing 3 minutes and maximal speed at 20 m/min). The maximal exercise
test protocol was based on increases in speed until exhaustion. The protocol started with 10m/min, and treadmill
velocity was increased 5 m/min every 3 minutes until animal exhaustion (Nunes et al. 2015). Records were

performed before, in the fourth week and after exercise protocols.
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Exercise Protocol

In the sixth week after the surgery, after the adaptation period, the animals started with de protocols of HIT
and MICT. Protocols were performed five times a week for eight weeks. HIIT protocol consisted of eight min of
warming-up (10m/min) and ten 1 min sprints (85-90% of the maximal speed given in the test) interleaved with 2
min of recovery (50-60% of the maximal speed given in the test), totalizing 38 min of exercise. MICT protocol
consisted five min of warming-up, and 45 min of running (50-60% of maximal speed given in the test), totalizing
50 min of exercise. In the fourth week, another test was realized, and the exercise speeds were adapted according
to the maximal speed found in the test. The protocols were adapted according to the previous study from our

laboratory that improved cardiorespiratory fitness in heart failure rats (Nunes et al. 2015).

Tissue collection, morphological measures, pulmonary and hepatic congestion

Forty-eight hours after the last exercise bout, the animals were sedated with isoflurane 3-4% and posteriorly
were sacrificed by decapitation. Gastrocnemius, liver, and lung tissues were removed and weighed. The heart was
separated in the left and the right ventricles and weighed. Infarct area was measured by three different evaluators
and analyzed by planimetry with Image J Software (Mill et al. 1990; Alves et al. 2014). Left and right ventricular
hypertrophy were measured by the ratio between the ventricle mass-to-body (LV/BM and RV/BM) (Stefani et al.
2018). After the protocols, the material was stored at — 80°C to posterior analyzes.

The animals’ lungs and livers were dehydrated at the stove for 48h and weighed again to determine the
congestion through the water percentage (Hentschke et al. 2017b).

Tissue homogenization
The left ventricles and gastrocnemius samples were homogenized in phosphate-buffered saline (pH 7.4)
with 1:10 (w/v) tissue proportion. The homogenized were centrifuged at 3000 rpm for 10 min at 6°C, and the

supernatant was used as a sample (Barcelos et al. 2017).

Cytokines
The TNF-o and IL-10 levels in gastrocnemius and left ventricle were determined by ELISA Kit Rat TNF-
a (E-EL-R0019, Elabscience®, Texas, EUA) and ELISA Kit Rat IL-10 (E-EL-R0016, Elabscience®, Texas, EUA)

according to the manufacturer's instructions. Values were reported in picograms per milligrams of protein.

Oxidative Stress

The protein concentration of the homogenate was determined with the method previously described (Lowry
et al. 1951) using serum bovine albumin as the standard. The values are expressed in milligrams per microliters.

The ROS production was assessed using the H2DCF-DA marker, which is enzymatically hydrolyzed by
intracellular esterases to form non-fluorescent H2DCF that is rapidly oxidized to a highly fluorescent 2°,7’-
dichlorofluorescein (DCF) in the presence of ROS. The fluorescence intensity was measured in SpectraMax1 M2e
Microplate Reader (Molecular Devices, MDS Analytical Technologies, Sunnyvale, California) using excitation
and emission wavelengths of 480 and 535 nm, respectively (LeBel et al. 1992). The units of oxidant production

are expressed in fluorescence units per milligrams of protein.
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The malondialdehyde (MDA) concentration was determined by the thiobarbituric acid reactive substances
test (TBARS) (Ohkawa et al. 1979). Briefly, 0.2 mL of homogenate was added to sodium dodecyl sulfate (8.1%,
0.05 ml), acetic acid (0.2 ml, 2.5 M, pH 3.4), and 0.8% thiobarbituric acid (0.25 ml, Sigma, USA) and heated in
boiling water (90°C) for 60 min. After the supernatants were transferred to 96 wells microplate and the absorbance
was read at 532 nm (EZReader, EUA). The values are expressed in nanomol per milligrams of protein.

The total glutathione level was measured using Elhman’s reagent, as previously described (Tietze 1969).
The values are expressed as micromol per milligrams of protein.

Superoxide dismutase (SOD) activity was measured spectrophotometrically at 480nm to Misra and
Fridovich (1972). This method is based on the inhibition of adrenaline autoxidation in alkaline medium by the

enzyme. Results are reported as units/mg of protein.

Statistical analysis

The data were presented in means + standard deviations. The Shapiro-Wilk test was performed to evaluate
the normal distribution of data. For parametric data, it was used the one-way analysis of variance (ANOVA) test
followed by post-hoc Newman-Keuls to compare measures among the groups and the two-way analysis of variance
(ANOVA) test followed by post-hoc Newman-Keuls to compare measures among the groups in different settings.
For nonparametric data, was used the Kruskal-Wallis test followed by post-hoc Dunn to compare measures among
the groups. It was considered P values <0.05. The statistical analyses and graphics were made in GraphPad Prism

software version 7.0 for Windows (San Diego, California, USA).

RESULTS
Mortality, exclusion and adverse effects
The mortality by MI surgery induction was ~52% and 13 animals were excluded for presenting

infarction small areas (<10%). No deaths occurred during tests and exercise protocols.

Infarct size, cardiac hypertrophy, pulmonary and hepatic congestion
Table 1 shows the infarcted area, cardiac hypertrophy, pulmonary, and hepatic congestion. The
infarcted area was similar in all groups, suggesting an equal pathological condition. Also, left and right ventricle

hypertrophy, pulmonary, and hepatic congestion did not present differences among the groups (P>0.05).

Functional capacity

Figure 1 shows the running distance (Fig. 1A), time to exhaustion (Fig. 1B), and the maximal velocity (Fig.
1C) in SED, MICT and HIIT acute myocardial infarction rats, during the maximal treadmill exercise testing. At
the baseline, there were no differences between groups (P>0.05). After 4 weeks, the MICT, and the HIIT groups
had a significant increase in the distance (HIIT, P<0.01; MICT, P<0.0001), the time to exhaustion (HIIT, P<0.001;
MICT, P<0.0001) and the maximal velocity (HIIT, P<0.001; MICT, P<0.0001) when compared to the SED group
during the maximal treadmill exercise testing. At the end of training protocols, both groups that performed exercise
shown differences compared with the SED group in the distance (HIIT, P<0.001; MICT, P<0.0001), time to
exhaustion (HIIT, P<0.001; MICT, P<0.0001) and maximal velocity (HIIT, P<0.0001; MICT, P<0.0001).
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However, the MICT showed an increase in distance (P<0.01), time to exhaustion (P<0.05) and maximal velocity
(P<0.05) when compared with the HIIT group.

TNF-o and IL-10 levels

Inflammation profile is showed in the Figure 2. The IL-10 (Figure 2A) and TNF-a (Figure 2B)
concentration in left ventricle did not present difference among groups. However, IL-10/TNF-a ratio (Figure 2C)
level in the left ventricle was higher in the MICT group when compared to the SED group (P<0.01). In
gastrocnemius, the IL-10 level was higher in exercise groups (HIIT, P<0.01; MICT, P<0.01) when compared with
the SED group. In the case of TNF-a, there was a lower level in the HIIT group (P<0.01) and the MICT group
(P<0.05) when compared with the SED group. Besides, when analyzed the IL-10/TNF-a ratio, the level of both
exercise group was higher when compared to the SED group (HIIT. P<0.001; MICT. P<0.0001).

Oxidative Stress

Figure 3 shows oxidative stress markers in the left ventricle. The value of DCF found in heart (Figure 3A)
was lower in the HIIT group when compared with the SED group (P<0.05). On the other hand, the MDA value
(Figure 3B) was lower in both exercise protocols, HIT (P<0.01) and in MICT (P<0.05), when compared with the
control group. Concentration of total glutathione (Figure 3C) was higher in both trained groups when compared
with the control group (P<0.05). The SOD values (Figure 3D) did not present difference among groups. Figure 4
shows oxidative stress parameters in the gastrocnemius muscle. The DCF level (Figure 4A) was lower just in the
HIIT group when compared with the MICT group (P<0.05). No significant difference was observed in the MDA
value (Figure 4B) among experimental groups. However, the total glutathione (Figure 4C) concentration was
higher in the HIIT and the MICT group when compared with the SED group (HIIT, P<0.001; MICT, P<0.01). The

SOD values (Figure 4D) did not present difference among groups.

DISCUSSION

The present study investigated the impact of HIIT and MICT on functional capacity, inflammatory profile,
and oxidative stress markers of infarcted rats. To our knowledge, it is the first study to investigate the HIIT and
MICT effects in these parameters, showing that both exercise programs can improve functional capacity through
the distance, time to exhaustion, and maximum speed after exercise protocols. Moreover, both programs of training
improve the inflammatory profile and oxidative stress markers. The results of our study reinforce the anti-
inflammatory and anti-oxidative effects of physical exercise, also your role as a non-pharmacological treatment in
cardiac rehabilitation.

Low cardiorespiratory fitness is strongly related to adverse outcomes in cardiovascular disease (Nauman
et al. 2016). Our study demonstrated that the functional capacity improved through total distance, time to
exhaustion, and maximum speed results during treadmill maximal exercise testing, after eight weeks of training.
This improvement may occur through several mechanisms, for example, by the cardiorespiratory fitness increase,
improving the ability of the circulatory and respiratory systems to maintain oxygen supply to exercise tissues,
especially to skeletal muscle (Zhang et al. 2017). Many studies have shown that HIIT is superior in improving
variables such as maximal oxygen uptake, ejection fraction, and hemodynamic variables in post-infarction and

coronary artery diseases, as clinical practice (Rognmo et al. 2004; Wislgff et al. 2007; Moholdt et al. 2012; Angadi
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et al. 2015; Jaureguizar et al. 2016) or experimental animal models (Moreira et al. 2013; Lu et al. 2015; Nunes et
al. 2015). In contrast, few studies with cardiovascular disease patients found that there were no differences in left
ventricular remodeling, aerobic capacity and endothelial function between the groups, demonstrating that both
protocols were equally effective (Conraads et al. 2015; Ellingsen et al. 2017). In this sense, Barcelos et al. (2017)
found that HIIT was not superior to the MICT in heart failure rats. Interestingly, our study showed that the MICT
protocol is superior to the HIIT protocol in improving functional capacity. The physiological concept behind the
superiority of HIIT in increasing cardiorespiratory function is the increased time that the individual remains at a
higher intensity than they would normally be able to do in continuous training, increasing maximal oxygen uptake
and resulting in cardiorespiratory system adaptations (Arena et al. 2013). However, our study showed that exercise
high intensities were not able to increase functional capacity more than exercise moderate intensity in animals
submitted to infarction. Nevertheless, we believed that the animals that made the HIIT protocol went into an
overreaching state, a state of stagnation the adaptations in functional capacity (Meeusen et al. 2013). Running
demands at the high intensities (70-90% of maximum oxygen consumption) can produce neural and endocrine
responses, indicating physical stress. The training overload associated with the inadequate recovery and
psychological stress combination can stagnate or decrease functional capacity improvements (Moraska et al.
2000), found from the training’s fourth week in the HIIT group. However, even so, the functional capacity was
improved when compared with the sedentary group, demonstrating that this training model can improve variables
associated with cardiorespiratory fitness, a great mortality predictor in cardiovascular diseases (Laukkanen et al.
2016).

MI is associated with increased proinflammatory cytokine concentrations (Westman et al. 2016). The
results of our study demonstrated that both physical exercise protocols realized were not able to change IL-10 and
TNF-a levels in cardiac tissue. However, the MICT group established an environment with an anti-inflammatory
pattern as visualized by the changes in IL-10/TNF-a ratio when compared to the HIIT and the SED groups. In this
sense, Rodrigues et al. (2014) found that continuous aerobic exercise can reduce TNF-o but not increase 1L-10
values in infarcted rats left ventricle. Feriani et al. (2017) showed that physical exercise was efficient to reduce
TNF-o and increase IL-10 levels in infarcted rats. Nonetheless, infarcted area values found in both studies were
relatively higher (about 40%) when compared to our study. After the MI, inflammatory cascade is initiated at the
site, increasing several pro-inflammatory interleukins and cytokines, such as TNF-a, that mediates necrosis of the
cardiac tissue (Libby et al. 2016), ceasing production after one week (Nian et al. 2004). The late production, after
20 weeks, is correlated with the increase of right ventricular end-diastolic diameter (Nian et al. 2004). A previous
study demonstrated that TNF-a level in rat ventricles after 20 weeks of MI remained unchanged in the non-
infarcted area, whereas in the infarcted area the values decreased dramatically from the first to the eighth week
(Ono et al. 1998). Increased infarct area is associated with ventricular dysfunction and cardiac remodeling (Pfeffer
et al. 1979; Pfeffer and Braunwald 1990) and consequent increase in TNF-o production (Bryant et al. 1998). Based
on these observations, our data demonstrating that exercise does not seem to be able to improve the inflammatory
profile in the cardiac tissue of rats with the small infarcted area.

Regarding the gastrocnemius muscle, our study showed that the 1L-10 level was higher, and the TNF-a
level was lower in both exercised MI rats. Subiela et al. (2018) demonstrated that physical exercise could reduce
muscle TNF-a production in post-acute myocardial infarction patients. Another study showed that the 1L-10 level

was lower, just as TNF-a level was higher in rats submitted to infarction (Lopes et al. 2010). In accordance to the
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present report, aerobic exercise can modulate 1L-10 and TNF-a production in peripheral muscles (Nunes et al.
2013; Calegari et al. 2017; Feriani et al. 2017), as well increase the 1L-10/TNF-a ratio in animals submitted to Ml
(Jr et al. 2010). These findings corroborate with several studies that showed that the action of muscle contraction
can generate an increase in myokines, which will act on the muscle creating an anti-inflammatory pattern (Scheele
et al. 2009; Brandt and Pedersen 2010; Pedersen 2017) through the increase in peroxisome proliferator-activated
receptor gamma coactivator 1-alpha (PGC-1la) produced in muscle cells, inhibiting NF-x and decreasing
proinflammatory cytokine synthesis (Handschin and Spiegelman 2008). Furthermore, exercise training reduces
muscle inflammation through diminished macrophage infiltration, modulating the immune-metabolic crosstalk in
muscle tissue (Samaan et al. 2014).

The heart is the largest source of ROS production after MI, causing deleterious effects on biological systems
(Misra et al. 2009). However, physical exercise can be an antioxidant agent thought repeated exposure to acute
bouts of physical stress, turning the organism more tolerant to new exposures by compensatory and adaptive
mechanisms generation (Pingitore et al. 2015; Merry and Ristow 2016). In our study, only the HIT group had
lower left ventricle DCF levels when compared to the SED group. These levels may be justified by the balance
between ROS production and antioxidant enzymes that were not measured, whereas glutathione is only one of the
antioxidant agents. In contrast, both protocols were able to decrease lipid peroxidation values when compared to
the control group. Likewise, both groups that performed exercise have higher total glutathione levels, indicating
an improvement in scavenging capacity and redox balance in exercise groups. Similarly, with our results, a
previous study compared the effect of MICT and HIIT on left ventricular oxidative stress in infarcted rats and
found that both trainings were able to decrease lipid peroxidation and to increase antioxidant production (Lu et al.
2015). Jiang et al. (2014) and Afousi et al. (2019) demonstrated that HIIT in infarcted rats was able to decrease
ROS production and increase ventricular antioxidant output when compared to a sedentary group. These data
corroborate with the increase of cardioprotective effects through physical exercise.

In skeletal muscle, the lipid peroxidation result demonstrated that both protocols were not able to modulate
the MDA concentration positively when compared to the sedentary group. However, gastrocnemius DCF level
was lower just in HIIT rats when compared with the MICT group. On the other hand, total glutathione results were
improved in trained groups, suggesting a redox balance in exercise groups. In contrast with our reports, Nunes et
al. (2008) found that heart failure rats that realized swimming protocol had decrease lipoperoxidation values when
compared with the sedentary group. Moreira et al. (2013) found that MICT and HIIT protocols increased
glutathione concentrations in skeletal muscle in infarcted rats. In agreement, Cai et al. (2018) demonstrated that
both training protocols were able to improve redox balance through decreased total ROS and increased glutathione
reductase in the soleus muscle of infarcted rats. Our report suggests that ROS increase generated in the
gastrocnemius muscles by muscle contraction in acute exercise sessions have triggered antioxidant mechanisms
(Peake et al. 2015), making the tissue more resistant to damage from exposure to ROS with time. Based on these
observations, our study reinforces that physical exercise can generate adaptations from successive exposures to
ROS, inducing mechanisms of repair and resistance to oxidative stress, in addition to increased production of

antioxidant agents.
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CONCLUSIONS

In conclusion, the present study showed that eight weeks of exercise training could increase functional
capacity by increasing the distance, time to exhaust, and maximal velocities reached in the test. However, the
MICT protocol seems to be superior when compared to HIIT. Physical exercise, protocol-independent, does not
seem to have the ability to modulate the inflammatory profile positively in cardiac tissue, although this effect
occurs in gastrocnemius muscle. Both protocols can improve oxidative stress parameters, although the HIT

protocol seems to be more effective in decrease oxidative tissue damage.

LIMITATIONS

Despite the results of the present study, some limitations were significant and should be considered for the
data interpretation. The systemic exercise effects involve several regulatory pathways that could interfere with the
found results. Analysis of IL-6, an important cytokine secreted by skeletal muscle, would help to clarify the results

of 1L-10 modulation occurred in heart tissue, improving understanding about the role of exercise in this marker.
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Tables

Table 1 Infarct area, cardiac hypertrophy, pulmonary and hepatic congestion

SED MICT HIT

(n=6) (n=6) (n=6) P value
Infarct Area (%) 16.0+ 7.6 19.4+9.7 226+58 0.15
LV/BW (mg/g) 19403 2.1+0.2 21401 0.44
RV/BW (mg/g) 0.6 +0.2 0.6 +0.2 05+0.1 0.89
Pulmonary Congestion (%H-0) 78.3+2.6 77.2+56 79.0+3.4 0.75
Hepatic Congestion (%H0) 67.8+7.1 61.8+16.9 68.6 £ 6.1 0.71

Values are means = SD. SED, sedentary group; MICT, moderate-intensity continuous training group; HIIT, high-
intensity interval training group; LV/BW, left ventricular-to-body weight ratio; RV/BW, right ventricular-to-body
weight ratio
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Figure Captions

Fig 1 Values of maximal treadmill exercise test in baseline, 4 weeks and 8 weeks. A) Distance. B) Time to
exhaustion. C) Maximal velocity. SED, sedentary group; MICT, moderate-intensity continuous training group;
HIIT, high-intensity interval training group. Values are means = SD. * P<0.05 vs. SED. # P<0.05 vs. HIIT

Fig 2 Values of IL-10, TNF-a and IL-10/TNF-a ratio. A) IL-10 in the left ventricle. B) TNF-a in the left ventricle.
C) IL-10/TNF-a in the left ventricle. D) IL-10 in the gastrocnemius muscle. E) TNF-a in the gastrocnemius muscle.
F) IL-10/TNF-a in the gastrocnemius muscle. SED, sedentary group; MICT, moderate-intensity continuous
training group; HIIT, high-intensity interval training group. Values are means = SD. * P<0.05 vs. SED. # P<0.05
vs. HIIT

Fig 3 Values of oxidative stress in the left ventricle. A) DCF. B) MDA. C) Total glutathione D) SOD. SED,
sedentary group; MICT, moderate-intensity continuous training group; HIT, high-intensity interval training
group. Values are means + SD. * P<0.05 vs. SED

Fig 4 Values of oxidative stress in the gastrocnemius muscle. A) DCF. B) MDA. C) Total glutathione D) SOD.
SED, sedentary group; MICT, moderate-intensity continuous training group; HIIT, high-intensity interval training
group. Values are means + SD. * P<0.05 vs. SED. # P<0.05 vs. MICT
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6 CONCLUSAO GERAL

O exercicio fisico tem sido utilizado como ferramenta nao-farmacologica
adjuvante no tratamento de diversas doencas cardiovasculares, principalmente apos
o evento do IAM. Seu papel como agente anti-inflamatoério e antioxidante, associado
ao beneficio de melhora da capacidade funcional, confere a ele um importante papel
na reabilitacdo desses pacientes. O treinamento intervalado de alta intensidade tem
surgido como alternativa ao treinamento continuo de moderada intensidade dentro de
programas de reabilitagdo cardiaca, demonstrando ser superior na melhora de
parametros funcionais e cardiometabolicos.

Dessa forma, os dados desse estudo demonstraram que tanto o
treinamento intervalado de alta intensidade quanto o treinamento continuo de
moderada intensidade foram efetivos em aumentar a capacidade funcional através da
distancia, tempo para exaustido e velocidade maxima atingida no teste de esforco
maximo ap0s 8 semanas de treinamento. No entanto, o treinamento continuo se
mostrou mais efetivo em melhorar essas variaveis.

Com relacdo a modulacdo do perfil inflamatério, ambos os treinamentos
ndo foram capazes de modular positivamente a expressao de citocinas no musculo
cardiaco, embora esse efeito tenha ocorrido a nivel periférico no musculo
gastrocnémio. Ambos os treinamentos exercerem efeito antioxidante tanto no musculo
cardiaco quanto no musculo gastrocnémio através de concentracdes maiores de
glutationa total. Entretanto, o treinamento intervalado de alta intensidade demonstrou
valores de biomarcadores de dano oxidativo mais baixos tanto no masculo esquelético
guanto no musculo cardiaco comparado ao treinamento continuo de moderada
intensidade.

A partir desses resultados, se reforca o papel do exercicio fisico como
estratégia de tratamento nao-farmacoldgico para pacientes pods-IAM. No entanto, faz-
se necessarios estudos futuros para a identificacdo de mecanismos celulares pelos
quais essas mudangas ocorrem, para que assim, o treinamento intervalado de alta
intensidade seja incorporado de forma mais segura e efetiva na pratica clinica de

programas de reabilitacdo cardiovascular.
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ANEXO A — PARECER DE APROVACAO DA CEUA

REPUBLICA FEDERATIVA DO BRASIL
MINISTERIO DA EDUCACAO

UFCSPA

UNIVERSIDADE FEDERAL DE CIENCIAS DA SAUDE DE PORTO ALEGRE

CEUA — COMISSAO DE ETICA NO USO DE ANIMAIS

PARECER CONSUBSTANCIADO DE PROJETO DE PESQUISA E ENSINO

1) PROTOCOLO N°: 213/17 Parecer 533/17

2) DATA DO PARECER: 08/11/2017

3) TITULO DO PROJETO:

Efeito de dois protocolos de exercicio fisico na modulacdo do perfil inflamatdrio, estresse oxidativo e
capacidade funcional em ratos com Insuficiéncia Cardiaca (IC).

4) PESQUISADOR RESPONSAVEL:

Pedro Dal Lago

5) RESUMO DO PROJETO:

O projeto pretende avaliar o efeito de duas modalidades de exercicio em ratos submetidos a
insuficiéncia cardiaca para verificar se o efeito anti-inflamatdrio relatado na literatura referente a
modalidade de exercicio de alta intensidade é estimulado neste modelo experimental.

6) OBJETIVOS DO PROJETO:

O objetivo principal do projeto é avaliar o efeito do treinamento intervalado de alta intensidade e
treinamento aerdbico continuo de moderada intensidade no perfil inflamatério, estresse oxidativo e
capacidade funcional de ratos com IC.

7) FINALIDADE DO PROJETO: Ensino X | Pesquisa

8) ITENS METODOLOGICOS E ETICOS DO PROJETO:

Titulo X | Adequado Comentarios




Introducéo

Objetivos

Relevancia e Justificativa

Materiais e Métodos

Cronograma para execucao da pesquisa

Orcamento e fonte financiadora

Referéncias Bibliogréaficas

9) O PROJETO ESTA ADEQUADO A LEGISLACAO VIGENTE:

10) INFORMACOES RELATIVAS AOS ANIMAIS:

Grau de dor/estresse: B C
Justifique:
Espécie: Ratos Wistar

Reducdo Amostral:

Justifique:

X
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Adequada Comentérios
Adequados Comentarios
Adequados Comentérios
Adequados Comentarios
Adequado Comentérios
Adequados Comentérios
Adequadas Comentarios
Sim Nao
E
Numero Amostral: 45
Sim N&o




Substituicdo de Metodologia:

Sim

Se achar necessdrio, justifique e sugira uma nova metodologia:

Aprimoramento da Metodologia:

Sim

Se achar necessdrio, justifique e sugira aprimoramentos da metodologia:

Acomodacdo e manutencdo dos animais:

Se achar inadequada cite abaixo as melhorias necessdrias:

Manipulag&o dos animais:

X | Adequada

X

Inadequada

Adequada

Se achar inadequada cite abaixo as melhorias necessdrias:

Analgesia dos animais (se aplicavel):

X

Adequada

Inadequada

Inadequada

Se achar inadequada cite abaixo as melhorias necessdrias com analgésico substituto:

Anestesia dos animais (se aplicavel):

X

Adequada

Inadequada

Se achar inadequada cite abaixo as melhorias necessdrias com anestésico substituto:

Eutanasia dos animais (se aplicavel):

X

Adequada

Inadequada

Se achar inadequada cite abaixo as melhorias necessdrias com metodologia substituta:

Local de Realizacao (Biotério/Labotaroério):

Outra instituicdo. Qual?
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11) CRONOGRAMA DE UTILIZAGAO DE ANIMAIS

Data Espécie Sexo Quantidade

12) RECOMENDACAO: As pendéncias deverio ser respondidas em uma carta,
indicando as paginas do projeto que foram alteradas (nova versao), assinadas pelo
pesquisador responsavel.

X | Aprovado

Com Pendéncia

N&o aprovado

Data de Término31/12/2018

Comentarios gerais sobre o projeto:
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ANEXO B - INSTRUCOES PARA AUTORES

& Springer
European Journal of Applied Physiology

Editors-in-Chief: H. Westerblad ; K.R. Westerterp

ISSN: 1439-6319 (print version)
ISSN: 1439-6327 (Electronic version )

my Journal no. 421

Instructions for Authors

TYPES OF PAPERS

The journal publishes Original Articles, Editorials, Invited Reviews, Letters to the Editor, and Replies.

Instructions for Invited Reviews

The European Journal of Applied Physiology (EJAP) now publishes Invited Reviews only. The journal
welcomes topics from physiological mechanics, biochemistry, endocrinology, ergonomics,
immunology, motor control, neuroscience and nutrition.

Invitations are issued by the Reviews Editor Michael Lindinger (mi.lindinger@gmail.com) on behalf of
EJAP.

Authors wishing to submit proposals for consideration are welcome to contact the Reviews Editor,
providing a brief description of the review topic (i.e. title and one-paragraph summary). If a proposal
is deemed to be relevant and appropriate after an initial evaluation, authors will receive a formal
invitation to write the Review.

- Maximum manuscript size is 15 printed pages (4500-5000 characters/page)

- Colored illustrations highlighting critical concepts are strongly encouraged

- no limitation to number of references

- Abstracts should aim for 150-250 words

- Abstracts should contain the need for the review, primary objectives and logical conclusions

- Abstracts must not contain undefined abbreviations or references

Instructions for Letters to the Editor

In addition to manuscripts, letters or comments discussing an article published in the past six months
in EJAP are welcome and may appear in print in one of the following issues. Each comment will be
sent to the corresponding author of the discussed article together with an invitation to respond. The
comment and the reply may be sent to an independent referee. However, the editor-in-chief will
make the final decision whether the correspondence will be published. EJAP allows the original
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author a deadline of two weeks to reply. If no answer is received within this timeframe, the editor-in-
chief will decide if the letter or comment will be published without response. Letters and comments
may be edited and shortened for reasons of clarity and space. In order to avoid long disputes, only
the original comment together with the author's response will be published. Any additional
comments or remarks should be sent to the authors directly and will not further be handled by EJAP.

Maximum manuscript size is 1000 words
maximum number of references is 5
Figures can be added to clarify the written content

Please include a separate page with a short title, the writer's name, affiliations and the

exactcitation of the article commented on

Article Requirements

To facilitate rapid publication manuscripts should be prepared carefully in accordance with the
following requirements.

The Conflict of interest is mandatory for all articles types.

Special Issues
e Contributions that are part of a Special Issue must include the following footnote on the title page:

"This article is published as part of the Special Issue on [title of the Special Issue]"

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.

Please ensure you provide all relevant editable source files. Failing to submit these source files might
cause unnecessary delays in the review and production process.
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Author Contribution Statement

Authors must provide a short description of the contributions made by each listed author (please use
initials). This will be published in a separate section in front of the Acknowledgments.

For example: AM and DB conceived and designed research. AM and BB conducted experiments. GR
contributed new reagents or analytical tools. AM and GR analyzed data. AM wrote the manuscript.
All authors read and approved the manuscript.

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, and telephone number(s) of the corresponding author = If available, the 16-
digit ORCID of the author(s)

Abstract

Please provide a structured abstract of 150 to 250 words which should be divided into the following
sections:

Purpose (stating the main purposes and research question)
Methods
Results

Conclusion

Keywords

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

Abbreviations

Authors are allowed to use abbreviations when appropriate, but these should be used sparingly.
Abbreviations should be defined at first mention in the text and supplied as a list, in alphabetical
order, to be included after the keywords, e.g.

ANOVA Analysis of variance
EMG Electromyography
MVC Maximal voluntary contraction

If there are no abbreviations, state "None" in the Abbreviation list.
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Specific remarks on Abstract

The sections should describe briefly and concisely the background and aim/hypothesis of the
investigation, the most important methods, the major results and the conclusions drawn. Major
results should be presented quantitatively where appropriate, and changes reported must be
expected to be statistically significant (e.g. write "endurance time increased froma = b to c + d min"
and not "endurance time increased (P < 0.01)"). The conclusion should highlight the physiological
significance of the study and not be a repetition of the results. The abstract should not contain any
undefined abbreviations and references may not be cited.

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.

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

Headings

Please use no more than three levels of displayed headings.

Result section

The results should describe the experimental findings in a way that it is easy to read. The text should
be comprehensible to scientifically interested persons, who are not necessarily specialists in the
particular field of the investigation. Thus, the text in the results section should be presented with
focus on physiology and the outcome of statistical analyses should generally be limited to those used
to test specified hypotheses. We encourage inclusion of complete statistical analyses and full data
sets at the individual level, but these should be presented in tables or as Electronic Supplementary
Material (ESM).

Figures should, if possible, include original records obtained during the actual experiments, and not
simply group-mean responses. For instance, representative original records provide a good indication
of the signal-to-noise relation and they can be used to show how measurements were performed.


ftp://ftp.springer.de/pub/tex/latex/svjour3/global.zip
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Moreover, the inclusion of original records is an excellent way of illustrating complex differences
between groups.

Conclusions section

Authors should provide concise conclusions to their work and are encouraged to put their results into
a wider physiological context. The conclusions must not just be a repetition of the results.

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).

REFERENCES

Citation

Cite references in the text by name and year in parentheses. Some examples:

Negotiation research spans many disciplines (Thompson 1990).

This result was later contradicted by Becker and Seligman (1996).

This effect has been widely studied (Abbott 1991; Barakat et al. 1995a, b; Kelso and Smith 1998;
Medvec et al. 1999, 2000).

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.

Reference list entries should be alphabetized by the last names of the first author of each work.

Order multi-author publications of the same first author alphabetically with respect to second, third,
etc. author. Publications of exactly the same author(s) must be ordered chronologically.

@ 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. https://doi.org/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 J
Med 965:325-329

# Article by DOI



Slifka MK, Whitton JL (2000) Clinical implications of dysregulated cytokine production. J Mol Med.
https://doi.org/10.1007/s001090000086

= 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

= 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

ISSN 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 intext
citations and reference list.

EndNote style (zip, 2 kB)

Please note:

The Editors-in-Chief higly disapprove of using dissertations as primary sources.

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.

# |dentify any previously published material by giving the original source in the form of a reference at

the end of the table caption.

= 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.


http://www.issn.org/services/online-services/access-to-the-ltwa/
http://static.springer.com/sgw/documents/1656139/application/zip/Springer+Basic+name-year.zip
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ARTWORK

For the best quality final product, it is highly recommended that you submit all of your artwork —
photographs, line drawings, etc. — in an electronic format. Your art will then be produced to the
highest standards with the greatest accuracy to detail. The published work will directly reflect the
quality of the artwork provided.

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. MS Office
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.

Combination Art
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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 print and online publication. Color illustrations should be submitted as
RGB.

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 (8-12
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.

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

= |dentify 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

When preparing your figures, size figures to fit in the column width.
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For large-sized journals the figures should be 84 mm (for double-column text areas), or 174 mm (for
single-column text areas) wide and not higher than 234 mm. For small-sized journals, the figures
should be 119 mm wide and not higher than 195 mm.

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

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.

Before submitting research datasets as electronic supplementary material, authors should read the
journal’s Research data policy. We encourage research data to be archived in data repositories
wherever possible.

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

Aspect ratio: 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
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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 submitted as .csv or .xlsx files (MS Excel).

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

n «u

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)
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ETHICAL RESPONSIBILITIES OF AUTHORS

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.

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 is helped by following the rules of good
scientific practice, which include*:

= The manuscript should not be submitted to more than one journal for simultaneous consideration.

& The submitted work should be original and should not have been published elsewhere in any form
or language (partially 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 concerns about text-recycling
(‘self-plagiarism’).

= A single study should not be split up into several parts to increase the quantity of submissions and
submitted to various journals or to one journal over time (i.e. ‘salami-slicing/publishing’).

= Concurrent or secondary publication is sometimes justifiable, provided certain conditions are met.
Examples include: translations or a manuscript that is intended for a different group of readers.

= Results should be presented clearly, honestly, and without fabrication, falsification or inappropriate
data manipulation (including image based manipulation). Authors should adhere to discipline-specific
rules for acquiring, selecting and processing data.

# 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 (to indicate words taken from
another source) are used for verbatim copying of material, and permissions secured for material that
is copyrighted.

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

Authors should make sure they have permissions for the use of software, questionnaires/(web)
surveys and scales in their studies (if appropriate). Authors should avoid untrue statements about an
entity (who can be an individual person or a company) or descriptions of their behavior or actions
that could potentially be seen as personal attacks or allegations about that person. Research that
may be misapplied to pose a threat to public health or national security should be clearly identified in
the manuscript (e.g. dual use of research). Examples include creation of harmful consequences of
biological agents or toxins, disruption of immunity of vaccines, unusual hazards in the use of
chemicals, weaponization of research/technology (amongst others).

Authors are strongly advised to ensure the author group, the Corresponding Author, and the order of
authors are all correct at submission. Adding and/or deleting authors during the revision stages is
generally not permitted, but in some cases may be warranted. Reasons for changes in authorship
should be explained in detail. Please note that changes to authorship cannot be made after
acceptance of a manuscript.

*All of the above are guidelines and authors need to make sure to respect third parties rights such as
copyright and/or moral rights.
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Upon request authors should be prepared to send relevant documentation or data in order to verify
the validity of the results presented. This could be in the form of raw data, samples, records, etc.
Sensitive information in the form of confidential or proprietary data is excluded.

If there is suspicion of misbehavior or alleged fraud the Journal and/or Publisher will carry out an
investigation following COPE guidelines. If, after investigation, there are valid concerns, the author(s)
concerned will be contacted under their given e-mail address and given an opportunity to address
the issue. Depending on the situation, this may result in the Journal’s and/or Publisher’s
implementation of the following measures, including, but not limited to:

If the manuscript 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:

an erratum/correction may be placed with the article

an expression of concern may be placed with the article- or in severe cases retraction of the
article may occur.

The reason will be given in the published erratum/correction, expression of concern or retraction
note. Please note that retraction means that the article is maintained on the platform,
watermarked “retracted” and the explanation for the retraction is provided in a note linked to the
watermarked article.

The author’s institution may be informed
A notice of suspected transgression of ethical standards in the peer review system may be included
as part of the author’s and article’s bibliographic record.

Fundamental errors

Authors have an obligation to correct mistakes once they discover a significant error or inaccuracy in
their published article. The author(s) is/are requested to contact the journal and explain in what
sense the error is impacting the article. A decision on how to correct the literature will depend on the
nature of the error. This may be a correction or retraction. The retraction note should provide
transparency which parts of the article are impacted by the error.

Suggesting / excluding reviewers

Authors are welcome to suggest suitable reviewers and/or request the exclusion of certain
individuals when they submit their manuscripts. When suggesting reviewers, authors should make
sure they are totally independent and not connected to the work in any way. It is strongly
recommended to suggest a mix of reviewers from different countries and different institutions.
When suggesting reviewers, the Corresponding Author must provide an institutional email address
for each suggested reviewer, or, if this is not possible to include other means of verifying the identity
such as a link to a personal homepage, a link to the publication record or a researcher or author ID in
the submission letter. Please note that the Journal may not use the suggestions, but suggestions are
appreciated and may help facilitate the peer review process.
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AUTHORSHIP PRINCIPLES

These guidelines describe authorship principles and good authorship practices to which prospective
authors should adhere to.

Authorship clarified

The Journal and Publisher assume all authors agreed with the content and that all gave explicit
consent to submit and that they obtained consent from the responsible authorities at the
institute/organization where the work has been carried out, before the work is submitted.

The Publisher does not prescribe the kinds of contributions that warrant authorship. It is
recommended that authors adhere to the guidelines for authorship that are applicable in their
specific research field. In absence of specific guidelines it is recommended to adhere to the following
guidelines*:

All authors whose names appear on the submission

1) made substantial contributions to the conception or design of the work; or the

acquisition,analysis, or interpretation of data; or the creation of new software used in the work;

2) drafted the work or revised it critically for important intellectual content;
3) approved the version to be published; and
4) agree to be accountable for all aspects of the work in ensuring that questions related to

theaccuracy or integrity of any part of the work are appropriately investigated and resolved.

* Based on/adapted from:

ICMJE, Defining the Role of Authors and Contributors,

Transparency in authors’ contributions and responsibilities to promote integrity in scientific
publication, McNutt at all, PNAS February 27, 2018

Disclosures and declarations

All authors are requested to include information regarding sources of funding, financial or
nonfinancial interests, study-specific approval by the appropriate ethics committee for research
involving humans and/or animals, informed consent if the research involved human participants, and
a statement on welfare of animals if the research involved animals (as appropriate).

The decision whether such information should be included is not only dependent on the scope of the
journal, but also the scope of the article. Work submitted for publication may have implications for
public health or general welfare and in those cases it is the responsibility of all authors to include the
appropriate disclosures and declarations.

Data transparency

All authors are requested to make sure that all data and materials as well as software application or
custom code support their published claims and comply with field standards. Please note that
journals may have individual policies on (sharing) research data in concordance with disciplinary


http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html
https://doi.org/10.1073/pnas.1715374115
https://doi.org/10.1073/pnas.1715374115
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norms and expectations. Please check the Instructions for Authors of the Journal that you are
submitting to for specific instructions.

Role of the Corresponding Author

One author is assigned as Corresponding Author and acts on behalf of all co-authors and ensures
that questions related to the accuracy or integrity of any part of the work are appropriately
addressed.

The Corresponding Author is responsible for the following requirements:

ensuring that all listed authors have approved the manuscript before submission, including the
names and order of authors;

Managing all communication between the Journal and all co-authors, before and after publication;*
providing transparency on re-use of material and mention any unpublished material (for example
manuscripts in press) included in the manuscript in a cover letter to the Editor; making sure
disclosures, declarations and transparency on data statements from all authors are included in the
manuscript as appropriate (see above).

* The requirement of managing all communication between the journal and all co-authors during
submission and proofing may be delegated to a Contact or Submitting Author. In this case please
make sure the Corresponding Author is clearly indicated in the manuscript.

Author contributions

Please check the Instructions for Authors of the Journal that you are submitting to for specific
instructions regarding contribution statements.

In absence of specific instructions and in research fields where it is possible to describe discrete
efforts, the Publisher recommends authors to include contribution statements in the work that
specifies the contribution of every author in order to promote transparency. These contributions
should be listed at the end of the submission.

Examples of such statement(s) are shown below:
Free text:

All authors contributed to the study conception and design. Material preparation, data collection and
analysis were performed by [full name], [full name] and [full name]. The first draft of the manuscript
was written by [full name] and all authors commented on previous versions of the manuscript. All
authors read and approved the final manuscript.

Example: CRediT taxonomy:

Conceptualization: [full name], ...; Methodology: [full name], ...; Formal analysis andinvestigation:
[full name], ...; Writing - original draft preparation: [full name, ...]; Writing - review and editing: [full

name], ...; Funding acquisition: [full name], ...; Resources: [full name], ...; Supervision: [full namel],....
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For review articles where discrete statements are less applicable a statement should be included
who had the idea for the article, who performed the literature search and data analysis, and who
drafted and/or critically revised the work.

For articles that are based primarily on the student’s dissertation or thesis, it is recommended
that the student is usually listed as principal author:

A Graduate Student’s Guide to Determining Authorship Credit and Authorship Order, APA Science
Student Council 2006

Affiliation

The primary affiliation for each author should be the institution where the majority of their work was
done. If an author has subsequently moved, the current address may additionally be stated.
Addresses will not be updated or changed after publication of the article.

Changes to authorship

Authors are strongly advised to ensure the correct author group, the Corresponding Author, and the
order of authors at submission. Changes of authorship by adding or deleting authors, and/or changes
in Corresponding Author, and/or changes in the sequence of authors are not accepted after
acceptance of a manuscript.

Please note that author names will be published exactly as they appear on the
accepted submission!

Please make sure that the names of all authors are present and correctly spelled, and that addresses
and affiliations are current.

Adding and/or deleting authors at revision stage are generally not permitted, but in some cases it
may be warranted. Reasons for these changes in authorship should be explained. Approval of the
change during revision is at the discretion of the Editor-in-Chief. Please note that journals may have
individual policies on adding and/or deleting authors during revision stage.

Author identification

Authors are recommended to use their ORCID ID when submitting an article for consideration or
acquire an ORCID ID via the submission process.

Deceased or incapacitated authors

For cases in which a co-author dies or is incapacitated during the writing, submission, or peerreview
process, and the co-authors feel it is appropriate to include the author, co-authors should obtain
approval from a (legal) representative which could be a direct relative.

Authorship issues or disputes

In the case of an authorship dispute during peer review or after acceptance and publication, the
Journal will not be in a position to investigate or adjudicate. Authors will be asked to resolve the
dispute themselves. If they are unable the Journal reserves the right to withdraw a manuscript from
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the editorial process or in case of a published paper raise the issue with the authors’ institution(s)
and abide by its guidelines.

Confidentiality

Authors should treat all communication with the Journal as confidential which includes
correspondence with direct representatives from the Journal such as Editors-in-Chief and/or
Handling Editors and reviewers’ reports unless explicit consent has been received to share
information.

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

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
abovementioned guidelines.

DISCLOSURE OF POTENTIAL CONFLICTS OF INTEREST

Authors must disclose all relationships or interests that could have direct or potential influence or
impart bias on the work. Although an author may not feel there is any conflict, disclosure of
relationships and interests provides a more complete and transparent process, leading to an
accurate and objective assessment of the work. Awareness of a real or perceived conflicts of interest
is a perspective to which the readers are entitled. This is not meant to imply that a financial
relationship with an organization that sponsored the research or compensation received 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:

= Research grants from funding agencies (please give the research funder and the grant number)

= Honoraria for speaking at symposia
= Financial support for attending symposia
= Financial support for educational programs

= Employment or consultation
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# Support from a project sponsor

= Position on advisory board or board of directors or other type of management relationships

= Multiple affiliations

# Financial relationships, for example equity ownership or investment interest

# Intellectual property rights (e.g. patents, copyrights and royalties from such rights)
= 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. In author
collaborations where formal agreements for representation allow it, it is sufficient for the
corresponding author to sign the disclosure form on behalf of all authors. Examples of forms can be
found here:

The corresponding author will include a summary statement in the text of the manuscriptin 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).

Conflict 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 Cis a
member of committee Z.

If no conflict exists, the authors should state:
Conflict of Interest: The authors 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.

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.
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If a study was granted exemption from requiring ethics approval, this should also be detailed in the
manuscript (including the name of the ethics committee that granted the exemption and the reasons
for the exemption).

Authors must - in all situations as described above - include the name of the ethics committee and
the reference number where appropriate.

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
(include name of committee + reference number) and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.”

Ethical approval retrospective studies

Although retrospective studies are conducted on already available data or biological material (for
which formal consent may not be needed or is difficult to obtain) ethical approval may be required
dependent on the law and the national ethical guidelines of a country. Authors should check with
their institution to make sure they are complying with the specific requirements of their country.

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). Please provide the name of ethics committee and relevant permit number.

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.”

If 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.(include name of committee + permit number)”

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.
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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.”

RESEARCH DATA POLICY

A submission to the journal implies that materials described in the manuscript, including all relevant
raw data, will be freely available to any researcher wishing to use them for noncommercial purposes,
without breaching participant confidentiality.

The journal strongly encourages that all datasets on which the conclusions of the paper rely should
be available to readers. We encourage authors to ensure that their datasets are either deposited in
publicly available repositories (where available and appropriate) or presented in the main manuscript
or additional supporting files whenever possible. Please see Springer Nature’s information on
recommended repositories.

List of Repositories

Research Data Policy

General repositories - for all types of research data - such as figshare and Dryad may be used where
appropriate.

Datasets that are assigned digital object identifiers (DOIs) by a data repository may be cited in the
reference list. Data citations should include the minimum information recommended by DataCite:
authors, title, publisher (repository name), identifier.

DataCite

Where a widely established research community expectation for data archiving in public repositories
exists, submission to a community-endorsed, public repository is mandatory. Persistent identifiers
(such as DOIs and accession numbers) for relevant datasets must be provided in the paper


http://www.springernature.com/gp/group/data-policy/repositories
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For the following types of data set, submission to a community-endorsed, public repository is

mandatory:

Mandatory deposition

Protein sequences

DNA and RNA sequences

DNA and RNA sequencing data
Genetic polymorphisms

Linked genotype and phenotype data

Macromolecular structure

Microarray data (must be MIAME compliant)

Crystallographic data for small molecules

For more information:

Research Data Policy Frequently Asked Questions

Data availability

Suitable repositories
Uniprot

Genbank
DNA DataBank of Japan (DDBJ) EMBL Nucleotide
Sequence Database (ENA)

NCBI Trace Archive NCBI Sequence Read Archive (SRA)

dbSNP dbVar European Variation Archive (EVA)

dbGAP The European Genome-phenome Archive
(EGA)

Worldwide Protein Data Bank (wwPDB)
Biological Magnetic Resonance Data Bank (BMRB)
Electron Microscopy Data Bank (EMDB)

Gene Expression Omnibus (GEOQ)
ArrayExpress

Cambridge Structural Database

The journal encourages authors to provide a statement of Data availability in their article. Data

availability statements should include information on where data supporting the results reported in

the article can be found, including, where applicable, hyperlinks to publicly archived datasets

analysed or generated during the study. Data availability statements can also indicate whether data

are available on request from the authors and where no data are available, if appropriate.

Data Availability statements can take one of the following forms (or a combination of more than one

if required for multiple datasets):

+ 1. The datasets generated during and/or analysed during the current study are available in the

[NAME] repository, [PERSISTENT WEB LINK TO DATASETS]

= 2. The datasets generated during and/or analysed during the current study are not publicly
available due [REASON WHY DATA ARE NOT PUBLIC] but are available from the corresponding author

on reasonable request.

#+ 3, The datasets generated during and/or analysed during the current study are available from the

corresponding author on reasonable request.
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= 4, Data sharing not applicable to this article as no datasets were generated or analysed during the
current study.

= 5, All data generated or analysed during this study are included in this published article [and its
supplementary information files].

More examples of template data availability statements, which include examples of openly available
and restricted access datasets, are available:

Data availability statements

This service provides advice on research data policy compliance and on finding research data
repositories. It is independent of journal, book and conference proceedings editorial offices and does
not advise on specific manuscripts.

Helpdesk

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.

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.

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.
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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.

OPEN CHOICE
Open Choice allows you to publish open access in more than 1850 Springer Nature journals, making
your research more visible and accessible immediately on publication.

Article processing charges (APCs) vary by journal — view the full list Benefits:

Increased researcher engagement: Open Choice enables access by anyone with an internet
connection, immediately on publication.

Higher visibility and impact: In Springer hybrid journals, OA articles are accessed 4 times more often
on average, and cited 1.7 more times on average*.

Easy compliance with funder and institutional mandates: Many funders require open access
publishing, and some take compliance into account when assessing future grant applications.

It is easy to find funding to support open access — please see our funding and support pages for more
information.

*) Within the first three years of publication. Springer Nature hybrid journal OA impact analysis,
2018.

Open Choice
Funding and Support pages

Copyright and license term - CC BY

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.

Find more about the license agreement

ENGLISH LANGUAGE EDITING

For editors and reviewers to accurately assess the work presented in your manuscript you need to
ensure the English language is of sufficient quality to be understood. If you need help with writing in
English you should consider:

Asking a colleague who is a native English speaker to review your manuscript for clarity.

Visiting the English language tutorial which covers the common mistakes when writing in English.
Using a professional language editing service where editors will improve the English to ensure that
your meaning is clear and identify problems that require your review. Two such services are provided
by our affiliates Nature Research Editing Service and American Journal Experts. Springer authors are
entitled to a 10% discount on their first submission to either of these services, simply follow the links
below.
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English language tutorial
Nature Research Editing Service

American Journal Experts

Please note that the use of a language editing service is not a requirement for publication in this
journal and does not imply or guarantee that the article will be selected for peer review or accepted.

If your manuscript is accepted it will be checked by our copyeditors for spelling and formal style
before publication.
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