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RESUMO

EFEITOS DO TREINAMENTO MUSCULAR VENTILATORIO COMBINADO A
LASERTERAPIA SOBRE O ESTRESSE OXIDATIVO DE RATOS COM DIABETES
MELLITUS TIPO 2

AUTOR: Nubia Gonzatti
ORIENTADOR(A): Maria Elaine Trevisan
COORIENTADOR: Rodrigo Boemo Jaenisch

Introducdo: O Diabetes mellitus (DM) é considerado como uma das principais doengas crbnicas nao
transmissiveis na atualidade. Entre os principais tipos, 0 mais predominante é o DM tipo 2 (DM2) o
qual esta relacionado com o estresse oxidativo, 0 aumento de citocinas pré-inflamatérias e a reducédo
de citocinas anti-inflamatorias. O treinamento muscular ventilatério (TMV) e a laserterapia de baixa
intensidade (LBI) sdo ferramentas ndao farmacol6gicas amplamente relatadas na literatura promovendo
varios beneficios em diversas populacGes, porém, pouco se sabe sobre os efeitos da combinacdo dessas
duas terapias sobre o estresse oxidativo em animais com DM2 induzida por dieta hipercalérica e
estreptozotocina. Objetivo: Avaliar os efeitos da terapia combinada (CB) de LBI e TMV sobre o
estresse oxidativo em ratos com DM2. Método: Pesquisa experimental com a utilizacdo de ratos
Wistar machos, alocados em um dos grupos experimentais descritos abaixo, perfazendo 8 animais por
grupo: Grupo 1 - animais controle sem DM2 sedentérios (C-Sham), Grupo 2 - animais sem DM2 e CB
(CB-Sham), Grupo 3 - animais com DM2 sedentarios (C-DM) e Grupo 4 - animais com DM2 e CB
(CB-DM). O DM2 foi induzido por meio de uma dieta hiperlipidica e baixa dose de estreptozotocina
(35 mg/kg) enquanto os grupos Sham receberam dieta comercial padrdo. O protocolo de TMV foi
aplicado por 30min/dia, 5 dias/semana, durante 6 semanas. A LBI foi aplicada em dois pontos no
musculo gastrocnémio direito, 5 dias/semana, durante 6 semanas, dose de 21 J/cm e comprimento de
onda de 660nm. Vinte e quatro horas apés o Gltimo dia de intervencdo os animais foram eutanasiados
e amostras de sangue e tecidos (coracdo, diafragma, figado, gastrocnémio direito, pulmdes e rins)
foram coletados, pesados e homogeneizados para posteriores analises. Resultados: O protocolo
combinado reduziu o estresse oxidativo no diafragma de ratos diabéticos (aumento de DCF-RS), no
gastrocnémio o protocolo combinado reduziu o estresse oxidativo no grupo nao diabético (reducédo de
TBARS) entretanto, houve aumento do estresse oxidativo no gastrocnémio de ratos diabéticos que
receberam o protocolo combinado comparado aos demais grupos (aumento de DCF-RS). No plasma
houve reducédo do estresse oxidativo em ratos diabéticos (reducdo de TBARS). O protocolo combinado
aumentou a atividade antioxidante no coracdo, pulméo, rim e masculos no grupo diabetes (aumento de
SH) e no coragdo, pulmédo e diafragma (aumento da SOD). Os dados foram analisados usando a
software estatistico GraphPad Prism. Para verificar a normalidade dos dados foi utilizado o teste
Kolmogorov-Smirnov. As variaveis de mais de duas medidas foram comparadas por ANOVA de duas
vias para medidas repetidas seguidas de post hoc de Bonferroni. As varidveis continuas foram
apresentadas na forma de média + desvio padrdo (DP). Considerou-se um nivel de significancia
p<0,05 para todos os testes. Conclusdo: o protocolo combinado foi eficaz para reduzir o estresse
oxidativo além de aumentar a atividade antioxidante em musculos, érgdos e plasma de animais com
DM2.

Palavras-chave: Diabetes Mellitus. Terapia com Luz de Baixa Intensidade. MUsculos Respiratorios.
Estresse Oxidativo. Inflamagao.



ABSTRACT

EFFECTS OF VENTILATORY MUSCLE TRAINING COMBINED WITH LASER
THERAPY ON OXIDATIVE STRESS IN RATS WITH MELLITUS DIABETES TYPE
2

AUTHOR: Nubia Gonzatti
ADVISOR: Maria Elaine Trevisan
COADVISOR: Rodrigo Boemo Jaenisch

Introduction: Diabetes mellitus (DM) is considered one of the main non-communicable chronic
diseases today. Among the main types, the most predominant is type 2 DM (DM2) which is related to
oxidative stress, the increase in pro-inflammatory cytokines and the reduction in anti-inflammatory
cytokines. Ventilatory muscle training (MVT) and low-intensity laser therapy (LLL) are non-
pharmacological tools widely reported in the literature, promoting several benefits in different
populations, however, little is known about the effects of the combination of these two therapies on
oxidative stress in animals with DM2 induced by hypercaloric diet and streptozotocin. Objective: to
evaluate the effects of combined therapy (CB) of LLLT and TMV on oxidative stress in rats with
DM2. Method: Experimental research using male Wistar rats, allocated in one of the experimental
groups below, totaling 8 animals per group: Group 1 - sedentary control animals without DM2 (C-
Sham), Group 2 - animals without DM2 and CB ( CB- Sham), Group 3 - animals with DM2 sedentary
(C-DM) and Group 4 - animals with DM2 and CB (CB-DM). T2DM was induced by means of a high-
fat diet and low dose streptozotocin (35 mg/kg) while the Sham groups received standard commercial
diet. The TMV protocol was sold for 30min/day, 5 days/week for 6 weeks. LLL was applied in two
points in the right gastrocnemius muscle, 5 days/week, for 6 weeks, at a dose of 21 J/cm and
wavelength of 660nm. Twenty-four hours after the last day of intervention, the animals were
euthanized and blood and tissues (heart, diaphragm, liver, right gastrocnemius, lungs and kidneys)
were collected, weighed and homogenized for further analysis. Results: The combined protocol
reduced the oxidative stress in the diaphragm of diabetic rats (increase of DCF-RS), in the
gastrocnemius the combined protocol reduced the oxidative stress in the non-diabetic group (reduction
of TBARS) however, there was an increase in oxidative stress in the gastrocnemius of diabetic rats
that received the combined protocol compared to the other groups (increase in DCF-RS). There was no
reduction in plasma oxidative stress in diabetic rats (reduction of TBARS). The combined protocol
increased antioxidant activity in heart, lung, kidney and muscle in the diabetes group (increase in SH)
and in heart, lung and diaphragm (increase in SOD). Data were compensated using GraphPad Prism
statistical software. To verify the normality of the data used in the Kolmogorov-Smirnov test.
Variables of more than two measures were compared by two-way ANOVA for repeated measures
followed by Bonferroni post hoc. Continuous variables were detected as mean + standard deviation
(SD). Consider a significance level of p<0.05 for all tests. Conclusion: the combined protocol was
effective in reducing oxidative stress in addition to increasing antioxidant activity in muscles, organs
and plasma of animals with DM2.

Keywords: Diabetes Mellitus. Low Intensity Light Therapy. Respiratory Muscles. Oxidative stress.
Inflammation.
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1 INTRODUCAO

O Diabetes Mellitus (DM) é considerado um importante e crescente problema de
salde puablica global, com estimativa para 2045 de 700 milhdes de pessoas com DM
(INTERNATIONAL DIABETES FEDERATION, 2019). E considerada uma doenca
multifatorial e esta intimamente associada ao estilo de vida (INTERNATIONAL DIABETES
FEDERATION, 2019; SANTOS et al., 2014).

O DM pode ser classificado em DM do tipo 1 (DM1), DM do tipo 2 (DM2), diabetes
gestacional e outras causas (AMERICAN DIABETES ASSOCIATION, 2021), sendo o DM2
0 responsavel por cerca de 90% de todos os casos (BRASIL, 2019; INTERNATIONAL
DIABETES FEDERATION, 2015). O DM2 ocorre pela combinagdo do aumento da
resisténcia periférica a insulina e a secrecdo inadequada, em graus variaveis, da mesma pelas
células-beta pancreaticas desencadeando a hiperglicemia (MOTTA, 2005).

As altas taxas de glicemia estdo relacionadas com o aumento de citocinas pro-
inflamatdrias (MALIK et al., 2018) e a enzima mieloperoxidase (MPO) o que contribui para o
aumento de células inflamatérias (SHIU et al., 2014). Para além disso, observa-se redugdo nos
niveis de citocinas anti-inflamatérias em pacientes com DM2 (GUPTA et al., 2017).
Concomitantemente, ha um aumento do estresse oxidativo o que se acredita, ser o principal
fator fisiopatologico (RAINS; JAIN, 2011).

Estudos tém evidenciado que o estresse oxidativo estd intimamente associado a
prevaléncia de DM2 (ASMAT et al., 2016; BURGOS-MORON et al., 2019; OGUNTIBEJU,
2019). Estudos experimentais e de revisdo sistematica indicam aumento significativo dos
niveis de biomarcadores do estresse oxidativo (AMARAL et al., 2018; DOS SANTOS et al.,
2017; NANKAR et al., 2020) e além disso, reducdo da atividade de enzimas antioxidantes
(DOS SANTOS et al., 2017; OGUNTIBEJU, 2019).

Alteracdes em nivel microvasculares e macrovasculares como a reducéo da atividade e
biodisponibilidade de oxido nitrico (TABIT et al.,, 2010), reducdo da forca e da massa
muscular periférica também séo observadas em pacientes com DM2. Van Eetvelde et al.
(2018) observaram reducdo da pressdo inspiratoria maxima (PImax), em DM com e sem
neuropatia periférica, quando comparados com controles normoglicémicos. Anteriormente,
Leenders et al. (2013) haviam observado reducdo da massa magra da perna e da
massa muscular esquelética apendicular em idosos com DM2, em comparacdo com controles
normoglicémicos.

Com o interesse em estudos para melhorar as condigdes de pessoas com DM, surgem


https://www.sciencedirect.com/topics/medicine-and-dentistry/skeletal-muscle
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novas ferramentas terapéuticas como o treinamento muscular ventilatério (TMV) e a
laserterapia de baixa intensidade (LBI). O TMV consiste em uma terapéutica néo
farmacoldgica que demonstrou reduzir a sensacdo de dispneia (LANGER et al., 2018),
aumentar a capacidade respiratoria, diminuir a fadiga dos musculos respiratorios (ARCHIZA
et al., 2018), aumentar a capacidade funcional (DE MEDEIROS et al., 2017) e reduzir os
niveis de marcadores inflamatdrios em humanos (FIGUEIREDO et al., 2018). Ainda, aumenta
a forca muscular inspiratéria e a espessura do musculo diafragma em humanos com DM2
(KAMINSKI et al., 2015). Estudo de Corréa et al. (2015) demonstrou que pacientes com DM
que realizaram exercicio de TMV a 60% da PImax demonstraram reducdo aguda dos niveis
de glicose, imediatamente ap6s uma sessdo de 10 minutos se assemelhando as sessdes de 40
minutos de exercicio aerdbico.

Outra forma de intervengdo ndo medicamentosa que vem sendo utilizada é a terapia
por LBI. Esse recurso terapéutico pode modificar o metabolismo celular por estimular a
atividade das enzimas anti-inflamatorias, reduzir o estresse oxidativo e aumentar as citocinas
pro-inflamatorias (FRIGERO, et al. 2018; SILVA et al., 2017). Estudos realizados em modelo
animal (DENADAI, et al. 2017) e em humanos (LENIFA, et al., 2018) com DM apresentam
efeitos positivos da LBI de luz vermelha (660 nm) no reparo de feridas cuténeas que induz
granulacdo mais rapida, contracdo da ferida e reepitelizacdo. Além disso, tendem a diminuir o
estresse oxidativo do musculo gastrocnémio apds exercicio de alta intensidade avaliados pelos
niveis de substancias reativas ao acido tiobarbiturico do inglés Thiobarbituric acid reactive
substances (TBARS). Também se mostrou capaz de aumentar os niveis de atividade de
enzimas antioxidantes como superoxido dismutase (SOD), catalase (CAT) e glutationa
peroxidase (GPx), demonstrando ser eficaz na reducéo do estresse oxidativo de ratos com DM
(FRIGERO, et al., 2018).

Porém, estudos com terapéutica combinada com o propdsito de verificar os efeitos
sobre o estresse oxidativo em humanos com DM2 ainda sdo escassos, justificando-se a
realizacdo primeiramente em animais com DM2 induzido. Frente ao exposto, a pergunta de
pesquisa foi: Quais os efeitos da aplicacdo do TMV combinado a LBI sobre o estresse
oxidativo de ratos com DM2.

O presente estudo foi aprovado pela Comissdo de ética no uso de animais (ANEXO
A), registrado no gabinete de projetos institucional (ANEXO B) e desenvolvido no
Laboratério de Fisiologia Experimental (APENDICE B) e é apresentado em forma de artigo

cientifico, conforme as normas da revista Lasers in Medical Science (ANEXO C).
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2 REVISAO DE LITERATURA

2.1 DIABETES MELLITUS E ESTRESSE OXIDATIVO

O DM ¢é considerado como uma das principais doencas crénicas ndao transmissiveis
onde o pancreas nao produz insulina suficiente ou o corpo ndo consegue utiliza-la de maneira
eficaz (BRASIL, 2019). De acordo com a Sociedade Brasileira de Diabetes (2017), existiam
no Brasil mais de 13 milhdes de pessoas entre 20 e 79 anos de idade vivendo com a doenga
em 2015, o que representa 6,9% da populacdo nacional, podendo chegar a 23,3 milhdes em
2040.

O DM é classificado em dois tipos principais, ou seja, DM tipo 1 e DM tipo 2. No
DML ha deficiéncia de insulina devido a destruicdo autoimune de células beta do pancreas por
clones autorreativos de linfocitos citotoxicos (HOBER; SANE, 2010) sendo responsavel por 5
a 10% de todos os casos (SOCIEDADE BRASILEIRA DE DIABETES, 2017). O DM2,
responsavel por até 90% de todos os casos, ocorre pela combinacdo de dois fatores:
resisténcia periférica a insulina e secrecdo inadequada de insulina pelas células-beta
pancreaticas que, devido a faléncia dessas, desencadeia hiperglicemia (INTERNATIONAL
DIABETES FEDERATION, 2019).

Acredita-se que a hiperglicemia é um fator causal do estresse oxidativo no DM2, o
qual surge durante o desenvolvimento da doenca e demonstra ser o principal fator patogénico
(RAINS-JAIN, 2011; REHMAN-AKASH, 2017; LUC et al., 2019). Estudos realizados
recentemente associam a hiperglicemia com aumento dos niveis de biomarcadores do estresse
oxidativo (AMARAL et al., 2018; DOS SANTOS et al., 2017), reducdo da atividade de
enzimas antioxidantes (DOS SANTOS et al., 2017; OGUNTIBEJU, 2019), aumento de
mediadores pré-inflamatorias (ARATANI, 2018) e reducdo dos niveis de citocinas anti-
inflamatdrias em pacientes com DM2 (GUPTA et al., 2017).

O estresse oxidativo propriamente dito é caracterizado pelo desequilibrio entre o
sistema oxidante, o qual predomina, com producdo de radicais livres e capacidade do
organismo em neutraliza-los através do sistema antioxidante (SCHAFER; BUETTNER,
2001). Tal processo pode resultar em prejuizo para 0 organismo como danos ao DNA
(HALLIWELL, 1994; HERBET et al., 2017).


https://www.diabetes.org.br/
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2.2 MARCADORES OXIDANTES

Dentre as analises de dano oxidativo destaca-se a dosagem do malonaldeido (MDA) a
partir do acido tiobarbitrico do inglés Thiobarbituric acid (TBA) uma das mais utilizadas e
consideradas como biomarcador de estresse oxidativo de maior relevancia (BARBOSA et al.,
2010).

O MDA ¢ um dos produtos finais da peroxidacdo lipidica das membranas celulares.
Apobs sua formacdo, o MDA reage com o TBA e resulta na formacdo de complexos de
coloracdo rosa a vermelho os quais possuem um coeficiente de absorcdo maxima de 532
nanometros (nm) denominados, entdo, de substancias reativas ao acido tiobarbitdrico
(KNIGHT et al., 1988). Dessa forma, a analise da formacdo do TBARS pode ser aplicada
como indice de comprometimento lipidico oriundo do dano pelo estresse oxidativo (PUNTEL
et al., 2007; TSIKAS, 2017).

Outro tipo de avaliacdo do dano oxidativo € pela verificacdo dos niveis de espécies
reativas a diclorofluoresceina (DCF). Os DCF sdo amplamente utilizados como técnicas de
avaliacdo pro-fluorescentes para o estresse oxidativo. Embora exijam que um catalisador seja
oxidado pelo peroxido de hidrogénio e reaja indiscriminadamente com radicais oxidantes e o
produto fluorescente (DCF), € um potencial fotossensibilizador da geracdo de superoxido
(WRONA;WARDMAN, 2006). Esta avaliacdo foi inicialmente desenvolvida na década de
1960 para a quantificacdo de espécies reativas de oxigénio (EROs) através do perdxido de
hidrogénio (BRANDT;KESTON, 1965), sendo uma técnica comprovada pela literatura como
de alta simplicidade e reprodutibilidade (WARDMAN, 2007); BARTOSZ, 2006) e muito
utilizada em pesquisas tanto com animais como em humanos para avaliar as EROs no DM
(WANG et al., 2019; JIANG et al., 2019).

2.3 MARCADORES DE VIABILIDADE CELULAR E ANTIOXIDANTE

Os niveis de reducdo de metil tetrazolio (MTT) € um marcador de viabilidade celular
amplamente utilizado na literatura. A reducdo do MTT depende da atividade da familia de
enzimas localizadas principalmente nas mitocondrias (BERNAS;DOBRUCKI, 2002) que
transferem elétrons para 0 MTT. Muitos estudos utilizam o ensaio de reducdo de MTT como
um indicador de viabilidade celular e marcador antioxidante (FURTADO et al., 2018;
MARTINS et al., 2016). Células viaveis com metabolismo ativo convertem o0 MTT em um

produto de coloragcdo purpura. Quando as células morrem, perdem a capacidade de converter
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0 MTT no produto com coloracédo, portanto a formacéo de cores serve como um marcador (til
e conveniente para avaliar as células viaveis (RISS et al., 2016).

Como marcadores do sistema antioxidante, podemos destacar os niveis de tiol ndo
protéico (NPSH). Os tiois sdo considerados antioxidantes importantes, pois abrangem em sua
estrutura um grupo sulfidrila (SH) e sdo facilmente oxidados, ou seja, abrem méo do a&tomo de
hidrogénio para formar ligacdes estaveis. A glutationa reduzida (GSH) € um exemplo de um
tiol de baixo peso molecular (CANTIN; BEGIN, 1991; MEISTER; ANDERSON, 1983) a
qual reage por reacdo direta com o xenobidtico ou via GPx para culminar na formacéo da
glutationa dissulfeto, ndo-enzimatica (HUBER; ALMEIDA, 2008; JACOBSON et al., 1990).

Os NPSH sdo conhecidos como todos os tidis de baixo peso molecular. A GSH
representa cerca de 90% do NPSH intracelular e os demais 10% sdo instituidos de outros
pequenos aminoacidos tiolicos, como cisteina e metionina (JACOBSON et al., 1990).
Resultados de estudos classicos referentes ao processo de dano oxidativo demonstram que
baixos niveis de SH sdo indicativos de presenca de estresse oxidativo (MULIER et al., 1998).

Além disso, a superoxido dismutase (SOD) é considerada uma enzima antioxidante
presente no organismo com a importante funcdo de quebrar as moléculas de oxigénio
potencialmente prejudiciais transformando-as em compostos menos toxicos (TIWARI et al.,
2013). Esta enzima atua contra a lesdo celular induzida por espécies reativas de oxigénio
(EROs) catalisando o superoxido convertendo a dismutacdo do radical anion superoxido em
oxigénio molecular, agua e peroxido de hidrogénio, sendo assim, é considerada como um
mecanismo de defesa de primeira linha contra as EROs (REHMAN; AKASH, 2017). O
radical anion superoxido € um produto do metabolismo oxidativo muito prejudicial e
desempenha papel crucial na patogénese do DM2 (FUKAI; USHIO-FUKAI, 2011).

2.4 TERAPIAS NAO FARMACOLOGICAS

Decorrentes da doenca outras complicacdes também sdo observadas, assim como no
estudo experimental de Oyenihi e colaboradores (2019), no qual estudaram o dano
morfolégico no musculo gastrocnémio, em ratos com DM2 induzido. Dentre os resultados,
destacam-se descontinuidade entre as fibras musculares esqueléticas, reducdo da espessura da
fibra muscular em 16%, diminuicdo do namero de fibras musculares e aumento do espaco do
tecido conjuntivo no grupo DM2 quando comparado ao grupo controle sesm DM2.

Evidéncias tém mostrado que a forga muscular inspiratéria pode estar reduzida em
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humanos com DM2 e presenca de neuropatia diabética comparados a individuos sem DM2,
observando que ha predominancia de fibras musculares tipo 2 e reducdo da rede de capilares
nessa populacdo (GROEN et al., 2014).

O DM é uma doenca complexa e requer cuidados médicos continuos com estratégias
multifatoriais com o objetivo de reduzir os riscos e manter o controle glicémico. A educagéo
em saude e o suporte continuo ao paciente sdo de extrema relevancia para prevenir
complicacbes e reduzir o risco das mesmas a longo prazo. Do mesmo modo, existem
evidéncias que apoiam uma série de intervencdes que podem trazer beneficios para essa
populagdo (AMERICAN DIABETES ASSOCIATION, 2019).

Evidéncias consolidadas na literatura apontam terapias ndo medicamentosas como, por
exemplo, o exercicio fisico tanto aerébico quanto de resisténcia, como primordiais em
populacdes com DM. O exercicio promove incremento da capacidade oxidativa aléem do
remodelamento neuromuscular. Ambas as modalidades de treinamento tém evidéncias na
melhora da sensibilidade a insulina e redugdo do risco cardiovascular (ZANUSO et al., 2017).
Nos ultimos anos tem-se intensificado os estudos abordando novas terapias e dentre elas
podemos destacar a LBI. Trata-se de um recurso que utiliza fotons através da emissao de
irradiacdo (laser) proporcionando alteracoes biologicas (SILVA et al., 2017).

A irradiacdo da luz é absorvida por moléculas fotorreceptoras do tecido alvo que
possuam afinidade com determinado comprimento de onda. Essa absor¢do acontece devido a
captacdo da energia luminosa pelos elétrons partindo para um estado excitatorio de energia, a
qual é utilizada pelas células para realizar suas funges metabdlicas. A irradiacdo pode ser
visivel com luz monocromatica em azul e vermelho sendo os efeitos fotobioldgicos da
estimulacdo dependentes do comprimento de onda, dose e intensidade da luz (KARU, 1989).

A laserterapia de baixa intensidade (LBI) tem sido aplicado isoladamente e associado
a outras intervencGes em diversas patologias proporcionando beneficios na reducdo da dor
(GLAZOV et al., 2016), reducdo dos niveis totais de colesterol (ABDEL-WAHHAB et al.,
2018), melhorando a cicatrizacdo de feridas diabéticas, reduzindo os niveis de glicose,
reduzindo o estresse oxidativo e citocinas inflamatdrias em experimentacdo animal com ratos
com DM2 (AHMED et al., 2018; DOS SANTOS et al., 2017). Isso porque o LBI tem a
capacidade de aumentar o metabolismo celular, potencializa a regeneracdo das células
teciduais (BASSO et al., 2018), promove neovascularizacdo (MOON et al., 2018) e ativa a
produco de ATP (JUNIOR et al., 2004).

Um estudo avaliou o incremento da LBI em dois pontos do mudsculo gastrocnémio, 5

vezes por semana, durante 8 semanas a um programa de exercicios de natagdo em relacdo aos
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efeitos na éarea dos adipdcitos, na atividade da enzima citrato sintase (CS) e na analise
morfolégica muscular de ratos com e sem alimentacdo hipercalorica. Como resultados, 0 uso
combinado das terapias aumentou a atividade da enzima CS e diminuiu a &rea adipocitaria
branca epididimal, retroperitoneal e visceral em ratos obesos, melhorando os efeitos do
exercicio (AQUINO et al., 2015). Além disso, em ratos com insuficiéncia cardiaca (IC) a LBI
quatro vezes por semana durante 8 semanas associada ao treinamento de resisténcia foi capaz
de melhorar a captacdo de oxigénio e a tolerancia ao exercicio em comparagdo com 0 grupo
IC que realizou exercicio, mas sem irradiacdo (HENTSCHKE et al., 2017).

Dados da literatura mostram que o DM pode causar reducdo da forca e resisténcia
muscular respiratéria (VAN EETVELDE et al., 2018; FUSO et al., 2012), causando perda de
fibras musculares que afetam as propriedades contrateis e leva a fadiga da musculatura
diafragmatica (MANTILLA; SIECK, 2013).

Em experimentacdo animal, a carga alinear é frequentemente utilizada para o
treinamento muscular ventilatério (TMV), na qual, a respiracdo se da através de uma valvula
unidirecional oferecendo aumento progressivo da resisténcia através de orificios, cada vez
menores, por onde é realizada a inspiracdo (BISSCHOP et al., 1997; JAENISCH et al., 2011).

Essa terapia tem demonstrado importante impacto no desempenho fisico global,
possivelmente pela atenuacdo do metaborreflexo dos musculos inspiratorios e por melhorar o
suprimento de sangue e oxigénio aos musculos dos membros periféricos (ARCHIZA et al.,
2018; BAILEY et al, 2010). Sua aplicacdo pode estar presente em varias condicdes
patologicas, pois tende a reduzir a sensacdo de dispneia (LANGER et al., 2018), aumenta a
capacidade respiratoria, diminui a fadiga dos masculos respiratorios (ARCHIZA et al., 2018)
e aumenta a capacidade funcional (DE MEDEIROS et al., 2017).

Surgem evidéncias de que essa terapia também tem efeito na reducéo da variabilidade
da glicose nessa populacio (CORREA et al., 2015) e é capaz de reduzir os danos ao 4cido
desoxirribonucleico (DNA) em ratos com IC (JAENISCH et al., 2018). Além disso, reducédo
dos niveis de (MDA) e aumento de 6xido nitrico (NO) plasmatico em humanos com DPOC
moderada apos treinamento de 6 semanas, evidenciando uma reducdo do estresse oxidativo
sistémico (LEELARUNGRAYUB et al., 2017).
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3 OBJETIVOS

3.1 Objetivo Geral

Avaliar os efeitos do treinamento muscular ventilatério associado a laserterapia de
baixa intensidade aplicada no musculo gastrocnémio, sobre o estresse oxidativo em ratos com

diabetes mellitus induzido por dieta hipercalérica e estreptozotocina.

3.2 Objetivos Especificos

- Verificar o impacto do protocolo combinado sobre o estresse oxidativo sistémico e local
no diafragma e gastrocnémio, em ratos com e sem DM2.
- Verificar o impacto do protocolo combinado sobre a atividade antioxidante sistémica e

local no diafragma, gastrocnémio, rins, coracao e pulmdes em ratos com e sem DM2.
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Abstract

Obijective: To evaluate the effects of Ventilatory Muscle Training (VMT) combined with Low-level laser
therapy (LLLT) on oxidative stress in rats with streptozotocin-induced diabetes mellitus (DM2). Method: 32
male Wistar rats were randomly allocated into 4 experimental groups and 31 completed the study: G1 - control
without sedentary DM2 (C-Sham; n = 7); G2 - without DM2 and with VMT + LLLT (CB-Sham; n = 8); G3 -
sedentary DM2 (C-DM; n = 8); G4 - DM2 and with VMT + LLLT (CB-DM; n = 8). Protocols performed for 6
weeks being: VMT (30min / day, 5 days / week); LLLT applied in two points in the gastrocnemius muscle (5
days/week, 21 J/cm2, 36 seconds in each irradiated point). Blood and tissue samples were collected for further
analysis of antioxidant activity and oxidative stress. Results: The combined protocol demonstrated lower levels
of DCF-RS in the diaphragm of diabetic rats, higher levels in the gastrocnemius of the diabetic group and lower
levels of TBARS in the gastrocnemius of non-diabetics. In plasma, oxidative stress levels in diabetics were
lower. SH levels were higher in heart, lung, kidney and muscle and SOD activity in heart, lung and diaphragm in
the diabetes group. Conclusion: The combined protocol promoted lower levels of oxidative stress in addition to
higher levels of antioxidant activity in muscles, organs and plasma of animals with DM2.

Keywords: Diabetes Mellitus. Low Intensity Light Therapy. Respiratory Muscles. Oxidative stress.
Inflammation.

Introduction

Diabetes Mellitus (DM) is characterized as a metabolic disorder with persistent hyperglycemia, due to a
deficiency in insulin production or its action [1]. DM can be classified into two main types: type 1 DM (DM1)
and type 2 DM (DM2) [2], with DM2 being responsible for about 90% of all cases, generating high health costs [
3].

DM2 occurs by the combination of increased peripheral resistance to insulin and inadequate secretion,
in varying degrees of it by pancreatic beta-cells, triggering hyperglycemia [4]. It is considered an important and
growing global public health problem that is closely associated with lifestyle [3, 5].

High blood glucose levels are related to an increase in inflammatory cells [6]. Furthermore, there is a
reduction in the levels of anti-inflammatory cytokines [7] and antioxidant defenses [8, 9], concomitantly, there is
an increase in oxidative stress, which is believed to be the main pathophysiological factor [9, 10].

In addition to pharmacological therapies, in order to improve the living conditions of this population,
new therapies such as ventilatory muscle training (VMT) and low-level laser therapy (LLL) have been the object
of studies. VMT is a non-pharmacological therapy that has been effective in reducing the levels of inflammatory
markers in humans [11] and acutely reducing glucose levels [12]. LLLT has also been effective in reducing
oxidative stress and pro-inflammatory cytokines [13, 14], in addition to being able to increase levels of
antioxidant enzyme activity and reduce oxidative stress [13].

Due to its action in reducing oxidative stress, new studies regarding the combination of VMT and LLLT
and its potential treatment for DM2 play an important role in the field of health sciences. However, studies with
combined therapy with the purpose of verifying the effects on oxidative stress in humans with DM2 are still
scarce, justifying their performance primarily in animals with induced DM1. Given the above, the aim of this
study was to investigate the effect of the combined protocol on oxidative stress in rats with DM2.

Materials and methods
Animals

Thirty-two male Wistar rats, 7-weeks-old (200-250g body weight) were obtained from the Central
Animal Laboratory of the Federal University of Santa Maria (UFSM) and randomly housed in a group of 3
animals in polypropylene cages (41 x 33 x 16 cm ) in different experimental groups. The animals were kept in a
room with controlled temperature and humidity (22+2°C; 50 to 60%, respectively), with air exhaustion and a 12-
hour “light-dark” cycle and with water and ad libitum feeding. They were treated in accordance with the ethical



23

principles of animal experimentation developed by the Brazilian College of Animal Experimentation (COBEA).
Study approved by the Ethics and Animal Welfare Committee of UFSM under the number 9241020620.

DM2 induction

The animals were fed with a high-energy density diet composed of 70% standard commercial feed, 15%
sucrose, 10% lard and 5% egg yolk powder [15] for an initial period of four weeks. Sham group received
standard feed. After this period, a single dose of streptozotocin (STZ, 35 mg/kg; Sigma Aldrich, St. Louis, MO,
USA) was administered — intraperitoneally, dissolved in vehicle (0.01 M sodium citrate solution, pH=4 ,5) with a
volume of 1ml/kg [16, 17] while in the Sham group only the vehicle was applied. The groups received their
respective diets for another four weeks and then the training protocols were started. After a 12-hour fast, blood
was collected from the tail vein and blood glucose was measured using a manual glucometer (G TECH FREE
Lite, Infopia Co., Ltd., South Korea). These measurements were taken after the acclimation period (14 days); 1
day before and 7 days after STZ application and one day before euthanasia [18]. Animals with blood glucose
greater than or equal to 200 mg/dL were considered diabetic. The diets persued as described above until the end
of the experiment and body weight was measured weekly [19].

Experimental draw

The animals were randomly divided into 4 groups of 8 animals: control group without DM2 sedentary
(C-Sham), group without DM2 that received VMT combined with LLLT (CB-Sham), control group with DM2
sedentary (C-DM), group with DM2 who received VMT combined with LLLT (CB-DM).

Intervention protocols

After 8 weeks of induction of the DM2 experimental model, the animals which received the combined
intervention were initially submitted to the VMT protocol and, subsequently, to LLLT according to the adapted
protocol from Aquino [21].

The VMT protocol comprehended 30 min/day, 5 days/week, for 6 weeks. Training progress was
achieved by increasing load resistance, reducing the internal diameter of the orifice through which the animal
breathed. During the first week of training, the orifice of the inspiratory port was fixed in an internal diameter of
0.8 mm for adaptation and was reduced by 0.1 mm daily, on the second day the diameter was 0.7 mm and so on.
At the end of the first week, the diameter was reduced to 0.3 mm (maximum strength). The inspiratory load
imposed on the trained animals is equivalent to a resistance of 0.7 cmH20/ml/s at a flow rate of 5 ml/s (with an
internal diameter of 0.8 mm) and a resistance of 18.4 cmH20/ml/s at a flow rate of 5 ml/s (with an internal
diameter of 0.3 mm [22, 23].

In the LBI protocol, the animals were submitted to the continuous wave diode InGaAlP type LBI
(model Endophoton-LLT-0107; KLD Biosistemas Equipamentos Eletrénicos Ltda, Sdo Paulo, Brazil) with
output power of 20mW and wavelength of 660nm (red visible). The stitch size was 0.035cm2, a dose of 21
Jiem?, for a period of 36 seconds in each stitch and continuous frequency. The LLLT was irradiated into the skin
at an angle of 90°, at two points in the right gastrocnemius muscle, these being medial and lateral, approximately
3cm from the beginning of the paw, for 5 days/week, for 6 weeks, according to the adapted protocol [21].

Sample calculation
The sample size calculation was estimated to obtain a significance level (alpha) of 5% (p<0.05) and

power (beta) of 80%. The sample was estimated at 8 animals per group, based on the study by Frigero et al. (13),
based on the primary outcome of the present study (TBARS).



24

Tissue Preparation

At the end of treatment, the animals fasted overnight, with free access to water, and then were
anesthetized with isoflurane (4%) [20]. Blood was collected by cardiac puncture, completing euthanasia and
stored in tubes with anticoagulant ethylenediaminetetracetate (EDTA). After euthanasia, the heart, lung, kidney,
diaphragm and gastrocnemius muscles were removed. Organ homogenates were prepared for analysis of
oxidative stress and antioxidant capacity. The muscles were stored in a freezer at -80°C for further analysis
described above.

Heart, lungs and kidneys organs were removed, weighed and homogenized (UltraTurrax, Staufen,
Germany) in phosphate buffer (1:4 heart, 1:5 lung, 1:10 kidney). The diaphragm and gastrocnemius muscles
were removed, weighed and homogenized in NaCl (0.9%) (10mL/1g of tissue). After homogenization, the
samples of organs and muscles were centrifuged at 3000 rpm for 10 minutes (SPIN MAX 80-2B, Didactics SP,
SP) in order to obtain a low-speed supernatant fraction (S1), which was used for different biochemical assays
[24].

Oxidizing Markers

TBARS levels were determined as an index of peroxidation according to the method described by
Ohkawa et al.[25]. 200 pL aliquots of organs and muscles, in addition to plasma (500uL) were added to the color
reaction, the readings were analyzed at 532 nm. TBARS levels were measured using MDA standard curve and
corrected by the protein content.

DCEF levels were determined by reduced dichlorofluorescein (DCFH-RS) and were quantified according
to the modified Perez-Severian protocol [26]. Aliquots of homogenate from the samples in addition to plasma
(50pL) were added to a medium containing Tris-HCI buffer (10mM; pH 7.4; 243uL) and dichloro-dihydro-
fluorescein diacetate (1uM; 2uL). Then, the medium was incubated in the dark for 1 hour until verification of
fluorescence (excitation at 488nm and emission at 525nm; both slit widths used were at 1.5nm). DCFH-RS
levels were determined using a DCF standard curve and the results were corrected by milligram of protein.

Antioxidant Status Markers

NPSH levels of organs, muscles and plasma were determined in homogenates and the sample was
precipitated with Trichloroacetic acid (TCA 5%) and subsequently centrifuged in eppendorf at 4000 rpm for 10
minutes in microtubes (SPIN MAX 80-2B, Didatica SP, SP). 134uL of the supernatant fraction was added to a
reaction medium containing K-phosphate buffer (0.25 mM TFK, pH=7.4; 100uL), distilled water and 5,5'-
Dithiobis (2-nitrobenzoic acid) (DTNB) (1mM; 2uL) in luminescence microplates. Spectrophotometric
measurements were made at 412 nm through a plate reader. The results were calculated in relation to a standard
curve constructed with reduced glutathione (GSH) and also corrected for protein content [27].

To determine SOD activity, sample homogenates and plasma (100uL) were added to a medium
containing ethylenediamine tetraacetic acid (2mM EDTA) and bicarbonate buffer (NaHCO3/ Na2CO3 50 mM,
pH 10.3). Epinephrine (4mM; 150uL) was added at the time of plate reading to initiate the kinetic activity of
SOD for 5 minutes, being verified spectrophotometrically at 480 nm. SOD enzyme activity was expressed in
units of enzyme activity per milligram of protein [28].

For analysis of MTT levels, the organ and muscle homogenates, in addition to the plasma, were
incubated with 27 pl of sample at 30°C for 60min in eppendorf. Subsequently, 270 ul of dimethyl sulfoxide
(DMSO) were added to extract colored components, later it was transferred to luminescence microplates and
through a plate reader, obtaining measurements at 570 nm. The results were expressed as a percentage of the
control values [29].

Protein quantification
Protein content was measured according to the method described by Lowry et al., (1951) [30] using

bovine plasma albumin as a standard. Samples were pipetted in a microplate and comassie, right after, in a
microplate reader (Spectramax® i3x Multi-mode Microplate Reader) measurements were taken at 595 nm.
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Statistical analysis

Data were analyzed using GraphPad Prism 5 statistical software (GraphPad Software Inc., San Diego,
CA, USA). To verify the normality of the data, the Kolmogorov-Smirnov test was used. Variables from more
than two measures were compared by two-way ANOVA for repeated measures followed by Bonferroni post hoc.
Continuous variables were presented as median * standard deviation (SD). A significance level of p<0.05 was
considered for all tests.

Results

The experimental groups were C-Sham (n= 8), CB-Sham) (n=8), C-DM (n= 7) and CB-DM (n= 8) and
one animal from the C-DM group died.

Animal weight was homogeneous between groups at different times of analysis. When comparing final
and initial weight, there was an increase in all groups (p<0.05). There was an increase in the C-Sham group
when compared to the other groups (p<0.05) and an increase in the CB-Sham group when compared to the C-
DM and CB-DM groups (p<0.05).

Regarding blood glucose, diabetic animals had increased blood glucose after the induction by STZ
when compared to the beginning and remained with hyperglycemia until the end of the experiment. Furthermore,
in the C-DM and CB-DM groups, blood glucose was higher when compared to the C-Sham and CB-Sham
groups (p<0.05) (Table 1).

Oxidative Markers

Regarding plasma TBARS levels, values were higher in C-DM compared to C-Sham (p<0.05) and in
CB-DM compared to C-Sham (p<0.05) and CB-Sham ( p<0.05) and lower in CB-DM compared to C-DM
(p<0.05) indicating that the therapy is able to reduce oxidative stress (Fig 1). In the gastrocnemius, TBARS
levels were lower in the CB-Sham group compared to the C-Sham group (p<0.05) indicating that the effect of
the combined intervention is effective in reducing oxidative stress. However, in the CB-DM group, the values
were higher compared to the CB-Sham group (p<0.05) (Table 2).

In gastrocnemius, there were lower levels of DCF-RS in C-DM compared to C-Sham (p<0.05) and CB-
Sham. In addition, the levels of DCF-RS were higher in the CB-DM group compared to C-Sham (p<0.05) and
CB-Sham and CB-DM compared to C-DM (p<0.05) demonstrating that in this case, the combined intervention
increased oxidative stress in the gastrocnemius of rats with DM (Table 2). In the diaphragm, the levels of DCF-
RS were higher in the C-DM group compared to the C-Sham and the CB-Sham group (p<0.05) and in the CB-
DM group compared to the CB-Sham (p<0.05 ). Furthermore, in the CB-DM group there were lower levels of
DCF-RS compared to C-DM (p<0.05) suggesting that the combined intervention reduces the oxidative stress
levels in the diaphragm in rats with DM (Fig 2).

Antioxidant Activity Markers

The lungs of rats in the C-DM group had a lower level of MTT compared to the C-Sham group
(p<0.001). The combined protocol maintained lower levels of MTT in the lungs of rats with DM compared to
Sham rats that also received the combined protocol (p<0.05).

No significant results were found for MTT levels in the heart, diaphragm and plasma (Table 3).

In the CB-DM group compared to CB-Sham (p<0.001) and C-Sham (p<0.05) there was a reduction in
SH levels in the hearts of these animals, the same result observed in the CB-Sham group compared to C-Sham (
p<0.001), however, higher HS levels were observed in the CB-DM group compared to the C-DM group
(p<0.001) in the same organ.

In the lung SH levels were reduced in C-DM compared to C-Sham (p<0.001) and CB-DM compared to
CB-Sham (p<0.001) and C-Sham (p<0.05), there were higher levels in CB-Sham compared to C-Sham
(p<0.001). Higher HS levels were observed in CB-Sham compared to C-Sham (p<0.05), CB-DM compared to C-
DM (p<0.001) and CB-Sham compared to C-DM (p<0 .05) in the kidney of the animals.
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SH levels were lower in the diaphragm in C-DM compared to C-Sham (p<0.001), CB-Sham compared
to C-Sham (p<0.01) and higher in CB-DM compared to C-DM (p<0.001). There were higher levels of SH in CB-
DM compared to CB-Sham (p<0.001) and C-Sham (p<0.05) and CB-DM compared to C-DM (p<0.001) in
gastrocnemius.

In plasma, there was a reduction in SH levels in CB-DM compared to CB-Sham (p<0.001) and CB-DM
compared to C-DM (p<0.001) (Table 3). In the CB-Sham compared to C-Sham (p<0.001) and C-DM (p<0.05)
groups, in addition to CB-DM compared to C-DM (p<0.001), SOD levels were higher in the heart. In the lung,
there were lower SOD levels in CB-DM compared to CB-Sham (p<0.05) and higher levels in CB-Sham
compared to C-Sham (p<0.001) and CB-DM compared to C-DM (p <0.01).

In the kidney, there were higher values in SOD activity levels in CB-Sham compared to C-Sham
(p<0.001) and C-DM (p<0.05) and reduction in CB-DM compared to CB-Sham (p< 0.001). SOD activity levels
had higher values in CB-Sham compared to all groups (p<0.05), in CB-DM higher levels were observed in
relation to C-Sham and C-DM in the diaphragm.

In gastrocnemius, SOD levels were lower in C-DM compared to C-Sham (p<0.001) and CB-Sham
(p<0.05) and CB-DM compared to CB-Sham (p<0.001) and C- Sham (p<0.05).

In plasma, SOD levels were lower in C-DM compared to C-Sham (p<0.01), CB-DM compared to CB-
Sham (p<0.001) and higher in CB-Sham compared to C-Sham ( p<0.05) and C-DM (p<0.05) (Table 3).

Discussion

Due to the scarcity of research involving this theme and the lack of previous studies with similar
methodology in DM2, many of the findings of the present study were confronted with studies conducted on other
outcomes and with isolated protocols.

The results of this study indicate that there was an increase in the body weight of animals in the C-Sham
group at the end of the experiment compared to the initial weight in all groups. The efficacy of the diabetes
induction protocol was demonstrated by the increase in blood glucose after STZ induction, which was
maintained until the end of the experiment, in the C-DM and CB-DM groups [16, 17, 23]. However, the
combined protocol was not effective in reducing glucose levels at the end of the experiment, agreeing with the
result of the study in animals with DM2 [23], which verified the effect of VMT on sympathetic activity for 6
weeks in diabetic rats and opposing the study [12] which verified a reduction in blood glucose in humans with
DM2 after a VMT protocol.

The results of this study demonstrated that the combined protocol showed lower values in the oxidative
stress variables in the gastrocnemius muscle in the non-diabetic group compared to the control group, evidencing
the beneficial effects of the protocol in healthy animals. Additionally, in plasma and diaphragm, there were
lower levels of oxidative stress in the diabetic group, demonstrating its benefits at the systemic and local levels,
respectively.

Our results corroborate a recent study [31] in which after a 6-week VMT protocol there were lower
levels of bioactivity of reactive oxygen species and higher of bioavalilability of NO evaluated in healthy adult
subjects. In rats with HF, a VMT protocol has been reducing the DNA damage analyzed in the diaphragm,
suggesting a reduction in oxidative activity after training [32].

Regarding the LLLT study [13], it demonstrated that a single laser application in the gastrocnemius
muscle promoted lower TBARS levels and higher antioxidant activity after high-intensity exercise training in
rats with DM1. However, our results showed higher values of oxidative stress in the gastrocnemius of the
diabetic group after the combined protocol.

Previous studies have identified changes in DM2 at the micro and macrovascular levels such as reduced
activity and bioavailability of nitric oxide [35] and reduced strength and peripheral muscle mass, in addition to
respiratory dysfunctions [36]. In healthy individuals, the VMT for 6 weeks was able to increase the inspiratory
force and blood flow of the peripheral muscles, reducing the attenuation of the metaboreflex [37]. The increase
in blood flow promotes the release of nitric oxide (NO) which has the function of smooth muscle relaxation and
vasodilation [38]. The NO produced induces the response of antioxidants, including SOD, which has a protective
action against oxidants [40]. LLLT also has the ability to increase cellular metabolism and promote
neovascularization [34], other studies have reported beneficial effects of LLLT on mitochondria, such as
increased mitochondrial membrane potential that protects against oxidative damage [38] that added to VMT
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demonstrated improvement in oxidative stress variables in the present study, justifying our results, although
blood flow was not evaluated.

However, the combined protocol increased oxidative stress levels in the diabetic group in the
gastrocnemius muscle, but these values were also higher in the antioxidant activity identified by the increase in
SH levels. Previous studies have shown that muscle contraction as a result of physical exercise increases the
production of ROS and promotes oxidative stress [40, 41]. However, the increase in oxidative stress in this case
may be beneficial because the exercise-induced ROS production promotes a physiological adaptation in skeletal
muscles such as mitochondrial biogenesis and antioxidant enzyme synthesis, being a signaling pathway [40]
agreeing with our results.

In our study, we also found lower values for antioxidant capacity in the lung, heart, diaphragm,
gastrocnemius and plasma of diabetic animals in the different analyses. However, the combined protocol was
able to elevate the levels of antioxidant activity observed by the increase of SH in the heart, lung, kidney and
muscles and higher levels of SOD in the heart, lung and diaphragm. Furthermore, it was also beneficial to
healthy animals compared to controls, which had higher levels of SH in lung and kidney, lung, kidney and
diaphragm due to increased levels of SOD activity.

Our results agree with those of the previous study [13], which showed higher levels of antioxidant
markers such as catalase, SOD and glutathioneperoxidase in the gastrocnemius muscle of diabetic animals that
received a single irradiation of the LLLT before performing high-intensity exercise on a treadmill. Regarding the
effects of VMT on the oxidative profile, a study [41] compared a group that performed aerobic and resistance
exercise to a group that additionally associated VMT, observing an increase in plasma antioxidant levels in the
group that associated VMT with other exercises.

Conclusion

In conclusion, this study provides an important contribution to the understanding of the effects of a
protocol combining low-intensity laser therapy and ventilatory muscle training in rats with streptozotocin-
induced Diabetes Mellitus. The positive effect was demonstrated by lower values of oxidative stress and higher
values of local and systemic antioxidant activity in muscles, organs and plasma of rats with DM2. These results
seem to indicate that this combination of non-pharmacological therapies are effective and safe in attenuating and
oxidative state caused by DM2 and justify further studies, including in humans.

Some suggestions for future studies can be cited, such as: performing the metaboreflex that could
contribute to more robust results; the comparison of the combined protocol with the isolated interventions, which
could elucidate whether the effects of the combined therapy are added or not to the isolated ones.

Referéncias
1. Sociedade Brasileira de Diabetes (2017) Diretrizes da Sociedade Brasileira de Diabetes 2017-2018.

www.editoraclannad.com.br. Acessado em 20 de abril de 2021

2. American Diabetes Association (2021). Introduction: Standards of Medical Care in Diabetes—2021.
Diabetes Care. https://care.diabetesjournals.org/content/44/Supplement_1/S1. Acessado em 13 de julho
de 2021

3. International Diabetes Federation (2019) Diabetes Atlas 92 ed. https://diabetesatlas.org/en/. Acessado em
11 de maio de 2021

4. Motta VT (2005) Introducéo a bioquimica. S&o Paulo

Lambrinou E, Hansen TB, Beulens JW (2019) Lifestyle factors, self-management and patient
empowerment in diabetes care. Eur J Prev Cardiol 26:55-63

6. Shiu SWM, Xiao SM, Wong Y, Chow WS, Lam KSL, Tan KCB (2014) Carbamylation of LDL and its
relationship with myeloperoxidase in type 2 diabetes mellitus. Clin Sci 126:175-81



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

28

Gupta S, Maratha A, Siednienko J, Natarajan A, Gajanayake T, Hoashi S, Sinéad M (2017) Analysis of
inflammatory cytokine and TLR expression levels in Type 2 Diabetes with complications. Sci Rep 1:1-7
Dos Santos SA, Serra AJ, Stancker TG, Simfes MCB, Dos Santos Vieira MA, Leal-Junior EC, Prokic
M, Vasconsuelo A, Santos SS, Carvalho PTC (2017) Effects of Photobiomodulation Therapy on
Oxidative Stress in Muscle Injury Animal Models: A Systematic Review. Oxid Med Cell Longev.
2017:5273-403

Oguntibeju OO (2019) Type 2 diabetes mellitus, oxidative stress and inflammation: examining the links.
Int J Physiol Pathophysiol Pharmacol 11:45-63

Rains JL, Jain SK (2011) Oxidative stress, insulin signaling, and diabetes. Free Radic Biol Med 50:567—
75

Figueiredo PHS, Lima MMO, Costa HS, Martins JB, Flecha OD, Goncalves PF, Alves FL, Rodrigues
VGB, Maciel EHB, Mendonca VA, Lacerda ACR, Teixeira AL, Paula F, Balthazar CH (2018) Effects of
the inspiratory muscle training and aerobic training on respiratory and functional parameters,
inflammatory biomarkers, redox status and quality of life in hemodialysis patients: A randomized
clinical trial. PLoS One. 13:¢0200727

Corréa APS, Figueira FR, Umpierre D, Casali KR, Schaan BD (2015) Inspiratory muscle loading: A new
approach for lowering glucose levels and glucose variability in patients with Type 2 diabetes. Diabet
Med. 32:1255-7

Frigero M, dos Santos SA, Serra AJ, dos Santos Monteiro Machado C, Portes LA, Tucci PJF, Silva F,
Leal-Junior EC, Carvalho PTC (2018) Effect of photobiomodulation therapy on oxidative stress markers
of gastrocnemius muscle of diabetic rats subjected to high-intensity exercise. Lasers Med Sci. 33:1781-
90

Silva G, Ferraresi C, Almeida RT, Motta ML, Paix&o T, Ottone VO, Fonseca IA, Oliveira MX, Vieira
ER, Peixoto MFD, Esteves EA, Coimbra CC, Amorim FT, Magalhdes FC (2018) Infrared
photobiomodulation (PBM) therapy improves glucose metabolism and intracellular insulin pathway in
adipose tissue of high-fat fed mice. Lasers Med Sci 33:559-71

Wu D, Wen W, Qi CL, Zhao RX, L JH, Zhong CY, Chen YY (2012) Ameliorative effect of berberine
on renal damage in rats with diabetes induced by high-fat diet and streptozotocin. Phytomedicine.
19:712-8

Srinivasan K, Viswanad B, Asrat L, Kaul CL, Ramarao P (2005) Combination of high-fat diet-fed and
low-dose streptozotocin-treated rat: A model for type 2 diabetes and pharmacological screening.
Pharmacol Res. 52:313-20

Vatandoust N, Rami F, Salehi A, Khosravi S, Dashti G, Eslami G, Momenzadeh S, Salehi R (2018)
Novel High-Fat Diet Formulation and Streptozotocin Treatment for Induction of Prediabetes and Type 2
Diabetes in Rats. Adv Biomed Res. 7:107-113

Kumar B, Gupta SK, Nag TC, Srivastava S, Saxena R, Jha KA (2014) Retinal neuroprotective effects of
quercetin in streptozotocin-induced diabetic rats. Exp Eye Res 125:193-202

Pattamaprapanont P, Muanprasat C, Soodvilai S, Srimaroeng C, Chatsudthipong V (2016) Effect of
exercise training on signaling of interleukin-6 in skeletal muscles of type 2 diabetic rats. Rev Diabet Stud
13:197-206



20.

21.

22.

23.

24,

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

29

Oyenihi AB, Langa SOP, Mukaratirwa S, Masola B (2019) Effects of Centella asiatica on skeletal
muscle structure and key enzymes of glucose and glycogen metabolism in type 2 diabetic rats. Biomed
Pharmacother. 1:112-119

Aquino AE, Sene-Fiorese M, Castro CA, Duarte FO, Qishi JC, Santos GC, Silva KA, Fabrizzi F, Moraes
G, Matheus SMM, Duarte AC, Bagnato VS, Parizotto NA (2015) Can low-level laser therapy when

associated to exercise decrease adipocyte area? J Photochem Photobiol B Biol. 149:21-6

Bisschop A, Gayan-Ramirez G, Rollier H, Gosselink R, Dom R, De Bock V, Decramer M (1997)
Intermittent inspiratory muscle training induces fiber hypertrophy in rat diaphragm. Am J Respir Crit
Care Med. 155:1583-9

Trevisan CSC, Garcia-Aradjo AS, Duarte ACGO, Furino VO, Russo TL, Fujimoto A, Souza HCD,
Jaenisch RB , Arena R, Silva AB (2021) Effects of respiratory muscle training on parasympathetic
activity in diabetes mellitus. Brazilian J Med Biol Res. 54:¢10865

Martins RP, Hartmann DD, de Moraes JP, Soares FAA, Puntel GO (2016) Platelet-rich plasma reduces
the oxidative damage determined by a skeletal muscle contusion in rats. Platelets. 27:784-90

Ohkawa H, Ohishi N, Yagi K (1979) Assay for lipid peroxides in animal tissues by thiobarbituric acid
reaction. Anal Biochem 95:351-8

Pérez-Severiano F, Rodriguez-Pérez M, Pedraza-Chaverri J, Maldonado PD, Medina-Campos ON,
Ortiz-Plata A, Garcia AS, Hernandezd JV, Arzatea SG, Aguilera PL, Santamaria A (2004) S-
Allylcysteine, a garlic-derived antioxidant, ameliorates quinolinic acid-induced neurotoxicity and

oxidative damage in rats. Neurochem Int. 45:1175-83

Ellman GL (1959) Tissue sulfhydryl groups. Arch Biochem Biophys. 82:70-7

Misra HP, Fridovich | (1972) The role of superoxide anion in the autoxidation of epinephrine and a
simple assay for superoxide dismutase. J Biol Chem. 247:3170-5

Mosmann T (1983) Rapid colorimetric assay for cellular growth and survival: Application to
proliferation and cytotoxicity assays. J Immunol Methods. 65:55-63

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ (1951) Protein measurement with the Folin phenol
reagent. J Biol Chem. 193:265-75
Craighead DH, Heinbockel TC, Freeberg KA, Rossman MJ, Jackman RA, Jankowski LR, Hamilton MN,
Ziemba BP, Reisz JA, D'Alessandro A, Brewster M, DeSouza CA, You Z, Chonchol M, Bailey F, Seals
DR (2021) Time-Efficient Inspiratory Muscle Strength Training Lowers Blood Pressure and Improves
Endothelial Function, NO Bioavailability, and Oxidative Stress in Midlife/Older Adults With Above-
Normal Blood Pressure. J Am Heart Assoc. 10:e020980
Jaenisch RB, Stefani GP, Durante C, Chechi C, Hentschke VS, Rossato DD, Sonza A, Rhoden CR, Lago
PD (2018) Respiratory muscle training decreases diaphragm DNA damage in rats with heart failure. Can
J Physiol Pharmacol. 96:221-6

Basso FG, Pansani TN, Cardoso LM, Citta M, Soares DG, Scheffel DS, Hebling J, Costa CAS (2018)
Epithelial cell-enhanced metabolism by low-level laser therapy and epidermal growth factor. Lasers Med
Sci. 33:445-9

Moon JH, Rhee YH, Ahn JC, Kim B, Lee SJ, Chung OS (2018) Enhanced survival of ischemic skin flap



35.

36.

37.

38.

39.

40.

41.

30

by combined treatment with bone marrow-derived stem cells and low-level light irradiation. Lasers Med
Sci. 33: 1-9

Tabit CE, Chung WB, Hamburg NM, Vita JA (2010) Endothelial dysfunction in diabetes mellitus:
Molecular mechanisms and clinical implications. Reviews in Endocrine and Metabolic Disorders. 11:61—
74

Van Eetvelde BLM, Cambier D, Wyngaert K Vanden, Celie B, Calders P (2018) The influence of
clinically diagnosed neuropathy on respiratory muscle strength in type 2 diabetes mellitus. J Diabetes
Res. 2018:7-9

Archiza B, Andaku DK, Caruso FCR, Bonjorno JC, Oliveira CR de, Ricci PA, Amaral AC, Mattiello
SM, Libardi CA, Phillips SA, Arena R, Silva AB (2018) Effects of inspiratory muscle training in
professional women football players: a randomized Sham-controlled trial. J Sports Sci. 36:771-80

Cyr AR, Huckaby LV, Shiva SS, Zuckerbraun BS (2020) Nitric Oxide and Endothelial Dysfunction.
Crit Care Clin. 36:307-21
Dusse LMA, Mello L, Maria V, Carvalho G (2003) Revisdo sobre oxido nitrico Nitric oxide revision. J.

Bras. Patol. Med. Lab. 4:343-50

Powers SK, Deminice R, Ozdemir M, Yoshihara T, Bomkamp MP, Hyatt H (2020) Exercise-induced
oxidative stress: Friend or foe? Journal of Sport and Health Science. Elsevier B.V. 9:415-25

Dos Santos TD, Pereira SN, Portela LOC, Cardoso DM, Lago PD, dos Santos Guarda N (2019)
Moderate-to-high intensity inspiratory muscle training improves the effects of combined training on
exercise capacity in patients after coronary artery bypass graft surgery: A randomized clinical trial. Int J
Cardiol 279:40-6



31

Plasma
1500+
""f *% #
E * %
g *
o & 1000
<3
[11]
(=)
== 5004
©
E —
—
" —— Ii—l

C-SHAM CB-SHAM C-DM  CB-DM

Values in mean =+ standard deviation. The groups were compared by two-way ANOVA with post hoc
Bonferroni. Analysis of variance (ANOVA); control group (C-Sham, n=8); Combined group (CB-Sham, n=8);
diabetic control group (C-DM, n=7); Combined diabetic group (CB-DM, n=8).

* p values <0.05 compared to C-Sham

** p values <0.05 compared to CB-Sham

# p values <0.05 compared to C-DM

Fig 1 - Oxidizing activity levels in the plasma of the studied groups
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Values in mean * standard deviation. The groups were compared by two-way ANOVA with post hoc
Bonferroni. Analysis of variance (ANOVA); control group (C-Sham, n=8); Combined group (CB-Sham, n=8);
diabetic control group (C-DM, n=7); Combined diabetic group (CB-DM, n=8).

* p values <0.05 compared to C-Sham

** p values <0.05 compared to CB-Sham

# p values <0.05 compared to C-DM

Fig 2 - Oxidizing activity levels in the diaphragm of the studied groups
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Table 1 Body weight and blood glucose

Body weight and blood glucose

Groups Starting weight  Last weight (g) Initial blood Post STZ blood Last blood
(9) glucose glucose and vehicle  glucose (mg/dL)
(mg/dL) (mg/dL)
C-Sham 266+18 486+23*chd 125+7 113+12 124121
CB-Sham 251417 413+31*¢d 137+21 127+11 127+20
C-DM 24817 362+45* 139+16 407+70%*2P 428+44*3b
CB-DM 247+16 372+22* 161+26 444+15%3b 427+92*ab

Values in mean = standard deviation. The groups were compared by two-way ANOVA with post hoc Bonferroni.
Analysis of variance (ANOVA); control group (C-Sham, n=8); Combined group (CB-Sham, n=8); diabetic control
group (C-DM, n=7); Combined diabetic group (CB-DM, n=8).

* P-values <0.05 comparing initial and final values

2P-values<0.05 compared to the group C-Sham

® P-values<0.05 compared to the group CB-Sham

P -alues<0.05 compared to the group C-DM

d P-values<0.05 compared to the group CB-DM



Table 2 Oxidizing activity markers in gastrocnemius

TBARS DCF-RS
Groups Gastrocnemius (nmol/pmol MDA/Prot)  Gastrocnemius (nmol DCF/mg Prot)
C-Sham 111.75+29.04 0.81+0.18
CB-Sham 48.53+12.10? 0.75+0.08
C-DM 126.29+65.66 0.20+0.05%b¢
CB-DM 216.07+25.61° 3.63+0.45%P

Values in mean * standard deviation. The groups were compared by two-way ANOVA with post
hoc Bonferroni. Analysis of variance (ANOVA); control group (C-Sham, n=8); Combined group
(CB-Sham, n=8); diabetic control group (C-DM, n=7); Combined diabetic group (CB-DM, n=8);
Thiobarbituric Acid Reactive Substances (TBARS); Dichofluorescein (DCFH-RS).
2P-values<0.05 compared to the group C-Sham

® P-values<0.05 compared to the group CB-Sham

P -alues<0.05 compared to the group C-DM

d P-values<0.05 compared to the group CB-DM
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Table 3 Antioxidant Activity Markers
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MTT
Groups Heart (% do Diaphragm (% Lung (% do Plasma
controle) do controle) controle) (% do controle)
C-Sham 115.90+39.63 100.1749.95 155.54+27.12 104.50+8.25
CB-Sham  118.76+14.13  100.00+10.19 128.70+18.13 111.36+15.50
C-DM 102.76+26.45 108.84+8.10 93.22+2.86% 109.18+5.00
CB-DM 123.99+53.53 100.20+9.61 99.44+13.42° 96.1745.74
SH
Groups Heart (hnmol Diaphragm Gastrocnemius Lung (nmol Kidney (nmol Plasma
SH/mg prot.) (nmol SH/mg (nmol SH/mg SH/mg prot.) SH/mg prot.) (nmol SH/mg
prot.) prot.) plasma)
C-Sham 136.40+6.36 48.17+1.24 42.47+14.05 74.62+9.37 24.92+0.01 13.09+2.96
CB -Sham 85.11+7.00? 33.8346.21° 32.75+6.54 109.62+4.872 40.9445.67° 16.94+2.98
C-DM 15.83+5.8724 20.01+4.9434 35.72+1.76¢ 44.50+17.32®  13.48+1.83°¢ 13.18+4.52¢
CB-DM 34.81+8.8130 39.6245.70 1174.42+361.95  37.91+11.172®  43.65+15.33 4.20+2.320
ab
SOD
Groups Heart (U/mg) Diaphragm Gastrocnemius Lung (U/mg) Kidney Plasma
(U/mg) (U/mg) (U/mg) (U/mg)
C-Sham 0.0017+0.00 0.0007+0.00 0.0309+0.01 0.0006+0.00 0.0014+0.00 0.0346+0.01
CB-Sham  0.0043+0.00°  0.0057+0.00%¢¢ 0.0418+0.01 0.0063+0.00? 0.0120£0.00*  0.0466+0.01°
C-DM 0.0007+0.00%>¢  0.0007+0.00 0.0017+0.00%° 0.001620.004 0.0006+0.00°  0.0015+0.00%b
CB-DM 0.0039+0.00 0.0022+0.00*¢  0.0027+0.002° 0.0040+0.00° 0.0019+0.00°  0.0027+0.00°

Values in mean * standard deviation. The groups were compared by two-way ANOVA with post hoc Bonferroni.
Analysis of variance (ANOVA); control group (C-Sham, n=8); Combined group (CB-Sham, n=8); diabetic control group
(C-DM, n=7); Combined diabetic group (CB-DM, n=8); Methyl Tetrazolium (MTT); Sulfidryl Group (SH); Superoxide
Dismutase (SOD).

2P-values<0.05 compared to the group C-Sham

® P-values<0.05 compared to the group CB-Sham

¢ P -alues<0.05 compared to the group C-DM
4 P-values<0.05 compared to the group CB-DM
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5 CONCLUSAO

O presente estudo é o primeiro a avaliar os efeitos da combinagdo do TMV e LBI
sobre o estresse oxidativo de ratos com DM2. Os objetivos deste trabalho foram totalmente
atingidos.

Em conclusdo, o presente estudo sugere que o protocolo combinado foi eficaz na
reducdo do estresse oxidativo além de aumentar a atividade antioxidante em madsculos, 6rgéos
e plasma de animais com DM2.

Dessa forma, os resultados demonstrados neste trabalho elucidam o potencial
terapéutico da combinacdo dos protocolos e podem ser novas ferramentas a serem estudadas e
utilizadas no DM2.

Para estudos futuros sugere-se a realizacdo de analises referente ao metaborreflexo que
poderia corroborar com os achados deste estudo; a comparacdo do protocolo combinado com
protocolos de intervencOes isoladas, o que poderia elucidar se os efeitos da terapéutica

combinada se somam ou nao as isoladas.
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CERTIFICADO

Certificamos que a proposta intitulada "EFEITO DO TREINAMENTO MUSCULAR VENTILATORIO COMBINADO A LASERTERAPIA SOBRE
0 ESTRESSE OXIDATIVO E O PERFIL INFLAMATORIO DE RATOS COM DIABETES MELLITUS TIPO I, protocolada sob o CEUA n2
9241020620 o vo31z2z), sob a responsabilidade de Maria Elaine Trevisan e equipe; Nubia Gonzatti; Rodrigo Boemo Jaenisch;
Liliane de Freitas Bauermann; Camille Gaube Guex; Larissa da Silva Tonetto; Carlos Cassiano Figueird da Silva; Nandiny Paula
Cavalli - que envolve a producdo, manutencao efou utilizacdo de animais pertencentes ao filo Chordata, subfilo Vertebrata (exceto
o homemy), para fins de pesquisa cientifica ou ensino - esté de acordo com os preceitos da Lei 11.794 de 8 de outubro de 2008, com
o Decreto 6.899 de 15 de julho de 2009, bem como com as normas editadas pelo Conselho Nacional de Controle da
Experimentacdo Animal (CONCEA), e foi aprovada pela Comissdo de Etica no Uso de Animais da Universidade Federal de Santa
Maria (CEUA/UFSM) na reuniao de 04/08/2020.

We certify that the proposal "EFFECT OF VENTILATORY MUSCLE TRAINING COMBINED TO LASERTHERAPY ON OXIDATIVE STRESS
AND INFLAMMATORY PROFILE IN RATS WITH TYPE Il DIABETES MELLITUS", utilizing 36 Heterogenics rats (36 males), protocol
number CEUA 9241020620 o oo3122), under the responsibility of Maria Elaine Trevisan and team; Nubia Gonzatti; Rodrigo Boemo
Jaenisch; Liliane de Freitas Bauermann; Camille Gaube Guex; Larissa da Silva Tonetto; Carlos Cassiano Figueird da Silva; Nandiny
Paula Cavalli - which involves the production, maintenance and/or use of animals belonging to the phylum Chordata, subphylum
Vertebrata (except human beings), for scientific research purposes or teaching - is in accordance with Law 11.794 of October 8,
2008, Decree 6899 of July 15, 2009, as well as with the rules issued by the National Council for Control of Animal Experimentation
(CONCEA), and was approved by the Ethic Committee on Animal Use of the Federal University of Santa Maria (CEUA/UFSM) in the
meeting of 08/04/2020.

Finalidade da Proposta: Pesquisa
Vigéncia da Proposta: de 09/2020 a 09/2021 Area: Departamento de Fisioterapia E Reabilitacio
Origem: Biotério Central UFSM

Espécie:  Ratos heterogénicos sexe: Machos idade: 7 a 8 semanas N: 36
Linhagem: Wistar Peso:  220a250¢
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Titulo: EFEITO DO TREINAMENTO MUSCULAR VENTILATORIO COMBINADO A LASERTERAPIA SOBRE O ESTRESSE OXIDATIVO E O PERFIL INFLAMATORIO
DE RATOS COM DIABETES MELLITUS TIPO I

Niimero: 054301 Classificagao: Pesquisa Registrado em: 27/05/2020
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Supervisor financeira: No se aplica
Protegdo do conhecimento: Projeto ndo gera conhecimento passivel de pratecao

Alunos matriculados: Nio se aplica

Tipo de evento: Ndo se aplica Carga Horaria: Ndo se aplica Aluncs concluintos: N&o £a apl

Palavras-chave: Diabetes, Exercicio, Laser

Resumo: O diabetes mallitus tipo 1| (DM 1) & considerada umna das principais doengas erdnicas ndo transmissiveis. Ocorre pela combinagdo do auments da resistancia
periférica & insulina e a secrecdo inadequada de células-beta pancresticas Aexposicao de altas concentraghes de glicose, como no DM I, esta relacionada aoestresse
ouidative,ao aumento de cilocinas pré-inflamatérias e a diminuigio de citocinas anti-inflamatérias, o que contribui para as complicagBes locais e/ou sistémicas.
Otreinamento muscular ventilatério (TMV) e a lasererapiade baixa intensidade (LBI), quando utilizados de forma isolada, promovern efeitos benéficos em pacientes com
DM II. Entretanito, alé o nosso conhecimanta, nenhum estudo pré-clinico foi desenvolvide utilizando de forma combinada o TMV e a LBI em ratas com DM 11, com a
finalidade de esclarecer os mecanismos fisiologicos dessas ferramentas terapéuticas no modelo experimental animal Assim, o presente projeto utilizara ratos Wistar
machos, alocados para umn dos 4 grupos experimentais descritos abaixe, perfazends um n=8 animais por grupecGrupo 1 - animais sem DM || sedentarios, Grupa 2 -
animais com DM |1 sedentarics, Grupo 3- animais sem DM Il e TMV combinado ac LBI 21, Grupo 4- animais com DM |1 e TMV combinado ao LBl 21J.0s grupos 3 e 4,
que realizar3o o pratocalo combinado, iniciardo coma TMV e, logo apde o LBI. O protocolo de TMV sera realizado pele periodo de 30minidia, 5 diasisemana, durante §
semanas A LBl sera aplicada por meio de duas doses iradiadas em dois pontos no misculo gastrocnémio direito, pelo mesmo periodo de § diasisemana, durante &
semarag, apds o protocolo de TMV_A hipétese inicial & que o protocolo combinado [TMV + LBI) demonstre se & capaz de diminuir og marcadores de esiresse oxidativo e
melhorar o perfil inflamatdrio em rafos com DM 11,

Obijetives: OBJETIVO GERAL: Avaliar os efeitos do TMY combinado ao LBI sobre o eslresse axidativo e o perfil inflamatdrio em ratos com DM 1. OBJETIVOS
ESPECIFICOS: Verificar o impacto da terapdutica combinada sobre o estresse axidativa e atividade antioxidante sistémico e local no diafragma, gastroenémio, rins,
figade, coragdo e pulmBes em ralos com DM 11. - Avaliar o impacto da terapéutica combinada sobre o perfil inflamatsnio sistémico e local no diafragma, gastrocnémia, rins,
figade, coragdo e pulmdes em ratos com DM 11 - Avaliar o impacto da terapéutica combinada sobre parmetros hematoldgicos em ratos com DM 1. - Comparar grupos
com DM 11, O projeto serd desenvalvide junto ao Laboratrio de Fisislogia Experimental (LAFEX) da UFSM.

Justificativa: Diante do exposto percebe-se que, a utiizag3o de terapias combinadas, em diversas situagBes patelagicas, promeve beneficios ainda mais significatives
quando comparadas a terapias isoladas. O nosso grupo de pesquisa j realizou alguns estudos no modelo experimental, em ratos, com diferentes patologias, utilizando o
TMV (JAENISCH et al., 2011; JAENISCH et al., 2017a; JAENISCH et al., 2017b; JAENISCH et al., 2018), o exercicio aerthio (EA) (BARCELOS et al., 2017), o exercicio
resistido (ER) (ALVES et al., 2017), estimulacio elétrica funcional (FES) (RUCATTI et al., 2015) e a LBl (HENTSCHKEet al. 2012}, entretanto no verificamos o efeilo de
terapias combinadas. A ideia de elucidarmos os efeilos positives, com o tratamento de terapias combinadas, ainda geram dividase necessitam ser investigadas,
principalmente sobre os aspectos fisiopatoldgices da DM Il na maodelo experimental.

Resultados esperados: Espera-se que o TMV combinade ao LBI reduza o estresse axidativo e modifique o perfil inflamatdrio a nivel sistémico e local no diafragma,
gastreendmio, rins, figado, coragdo e pulmdes em ratos com DM 11 Além de melhorar oe pardmelros hematoldgices em ratos com DM 1L
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ANEXO C — NORMAS DA REVISTA LASERS IN MEDICAL SCIENCE

Instructions for Authors

Types of papers

Original Article — limited to 4000 words, 45 references, no more than 5 figures

Review Article — limited to 5000 words, 50 references, no more than 5 figures

Brief Report - limited to 2000 waords, 25 references, no more than 4 figures - Case
Reports will not be accepted!
Letter to the Editor — up to 600 words

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 manuscript” 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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Editorial Procedure

Double-blind peer review

This journal follows a double-blind reviewing procedure. Authors are therefore requested to
submit:

A blinded manuscript without any author names and affiliations in the text or on the title
page. Self-identifying citations and references in the article text should be avoided.

A separate title page, containing title, all author names, affiliations, and the contact

information of the corresponding author. Any acknowledgements, disclosures, or funding
information should also be included on this page.

Title page

Title Page

Please make sure your title page contains the following information.
Title

The title should be concise and informative.

Author information

The name(s) of the author(s)

The affiliation(s) of the author(s), i.e. institution, (department), city, (state), country

A clear indication and an active e-mail address of the corresponding author
If available, the 16-digit ORCID of the author(s)

If address information is provided with the affiliation(s) it will also be published.

For authors that are (temporarily) unaffiliated we will only capture their city and country of
residence, not their e-mail address unless specifically requested.

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
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Trial registration number and date of registration

Trial registration number, date of registration followed by "retrospectively registered

Keywords

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

Declarations

All manuscripts must contain the following sections under the heading 'Declarations’.

If any of the sections are not relevant to your manuscript, please include the heading and
write 'Not applicable’ for that section.

To be used for all articles, including articles with biological applications

Funding (information that explains whether and by whom the research was supported)
Conflicts of interest/Competing interests (include appropriate disclosures)
Availability of data and material (data transparency)

Code availability (software application or custom code)

Authors’ contributions (optional: please review the submission guidelines from the journal
whether statements are mandatory)

Additional declarations for articles in life science journals that report the results of studies
involving humans and/or animals

Ethics approval (include appropriate approvals or waivers)
Consent to participate (include appropriate statements)

Consent for publication (include appropriate statements)

Please see the relevant sections in the submission guidelines for further information as well
as various examples of wording. Please revise/customize the sample statements according
to your own needs.
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Text Formatting

Manuscripts should be submitted in Word.

* Use a normal, plain font (e.g., 10-point Times Roman) for text.

e Use italics for emphasis.

s Use the automatic page numbering function to number the pages.

* Do not use field functions.

s 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 (Download zip, 190 kB)_ ¥

Headings

Please use no more than three levels of displayed headings.

Abbreviations

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

Footnotes

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

Footnotes to the text are numbered consecutively; those to tables should be indicated by
superscript lower-case letters (or asterisks for significance values and other statistical data).

Footnotes to the title or the authors of the article are not given reference symbols.

Always use footnotes instead of endnotes.
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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

Generic names of drugs and pesticides are preferred; if trade names are used, the generic
name should be given at first mention.

Units and abbreviations

¢ Please adhere to internationally agreed standards such as those adopted by the
commission of the International Union of Pure and Applied Physics (IUPAP) or defined
by the International Organization of Standardization (1SO). Metric Sl units should be
used throughout except where non-SI units are more common [e.g. litre (1) for
volume].

s Abbreviations (not standardized) should be defined at first mention in the abstract and
again in the main body of the text and used consistently thereafter.

Drugs
¢ When drugs are mentioned, the international (generic) name should be used. The

proprietary name, chemical compasition, and manufacturer should be stated in full in
Materials and methods.

References
Citation

Reference citations in the text should be identified by numbers in square brackets. Some
examples:

1. Negotiation research spans many disciplines [3].
2. This result was later contradicted by Becker and Seligman [5].

3. This effect has been widely studied [1-3, 7].
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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 waorks

should only be mentioned in the text.
The entries in the list should be numbered consecutively.

If available, please always include DOls as full DOI links in your reference list (e.g.
"https://doi.org/abc”).

* 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 ] Med
965:325-329

s Article by DOI
Slitka MK, Whitton JL (2000) Clinical implications of dysrequlated cytokine production.
J Mol Med. https://doi.org/10.1007/5001090000086

* 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.org LTWA

If you are unsure, please use the full journal title.

Authors preparing their manuscript in LaTeX can use the bibtex file spbasic.bst which is
included in Springer’s LaTeX macro package.

Tables

¢ All tables are to be numbered using Arabic numerals.

¢ Tables should always be cited in text in consecutive numerical arder.

¢ For each table, please supply a table caption (title) explaining the components of the
table.

¢ Identify any previously published material by giving the original source in the farm 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 hody.

Artwork and Illustrations Guidelines

Electronic Figure Submission

* Supply all figures electronically.

s |ndicate what graphics program was used to create the artwork.

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

» \ector graphics containing fonts must have the fonts embedded in the files.

* Name your figure files with "Fig" and the figure number, e.g., Fig1.eps.
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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.

¢ \ector graphics containing fonts must have the fonts embedded in the files.

Halftone Art

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

e |f 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.

54



55

Color Art

* Color art is free of charge for online publication.

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

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

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

Figure Lettering

¢ To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

* Keep lettering consistently sized throughout your final-sized artwork, usually about 2—
3 mm (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, ¢, 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,"A1, A2,
A3, etc." Figures in online appendices [Supplementary Information (S1)] 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.
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Figure Placement and Size

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

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

¢ For 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

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

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

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



Supplementary Information (SI)

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 Supplementary Information, 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, mpeq, flv, mxf, mts, m4v,

3gp

Text and Presentations
* Submit your material in PDF format; .doc or .ppt files are not suitable for long-term
viability.
s A collection of figures may also be combined in a PDF file.
Spreadsheets
s Spreadsheets should be submitted as .csv or xlsx files (MS Excel).

Specialized Formats

s Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica notebook),

and .tex can also be supplied.
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Collecting Multiple Files
* |t is possible to collect multiple files in a .zip or .gz file.
Numbering

» |f 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 Resource 3)", *... additional data are given in Online Resource 4",
s 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

s Supplementary Information (SI) 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)

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*:
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¢ 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 guantity 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.

e Authors should make sure they have permissions for the use of software,
questionnaires/(web) surveys and scales in their studies (if appropriate).

¢ Research articles and non-research articles (e.g. Opinion, Review, and Commentary
articles) must cite appropriate and relevant literature in support of the claims made.
Excessive and inappropriate self-citation or coordinated efforts among several authors
to collectively self-cite is strongly discouraged.

¢ 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.

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 mishehavior 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:

¢ |f the manuscript is still under consideration, it may be rejected and returned to the
author.

¢ |f 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.
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» 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
ather 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.

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 cantent 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*:
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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
the accuracy 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
non-financial 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 an (sharing) research data in
concordance with disciplinary norms and expectations.
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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

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 separate title page.

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:
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« Conceptualization: [full name], ...; Methodology: [full name], ...; Formal analysis and
investigation: [full name], ...; Writing - original draft preparation: [full name, ...]; Writing -
review and editing: [full name], ...; Funding acquisition: [full name], ...; Resources: [full name],

..., Supervision: [full name].....

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.
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Deceased or incapacitated authors

For cases in which a co-author dies or is incapacitated during the writing, submission, or
peer-review 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 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

s |nformed 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.
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The corresponding author should be prepared to collect documentation of compliance with

ethical standards and send if requested during peer review or after publication.

The Editors reserve the right to reject manuscripts that do not comply with the above-
mentioned guidelines. The author will be held responsible for false statements or failure to

fulfill the above-mentioned guidelines.

Conflicts of Interest / Competing Interests

Authors are requested to disclose interests that are directly or indirectly related to the work
submitted for publication. Interests within the last 3 years of beginning the work (conducting
the research and preparing the work for submission) should be reported. Interests outside
the 3-year time frame must be disclosed if they could reasonably be perceived as
influencing the submitted work. Disclosure of interests provides a complete and transparent
process and helps readers form their own judgments of potential bias. 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.
Interests that should be considered and disclosed but are not limited to the following:

Funding: Research grants from funding agencies (please give the research funder and the
grant number) and/or research support (including salaries, equipment, supplies,
reimbursement for attending symposia, and other expenses) by organizations that may gain

or lose financially through publication of this manuscript.

Employment: Recent (while engaged in the research project), present or anticipated
employment by any organization that may gain or lose financially through publication of
this manuscript. This includes multiple affiliations (if applicable).

Financial interests: Stocks or shares in companies (including holdings of spouse and/or
children) that may gain or lose financially through publication of this manuscript;
consultation fees or other forms of remuneration from organizations that may gain or lose
financially; patents or patent applications whose value may be affected by publication of

this manuscript.

It is difficult to specify a threshold at which a financial interest becomes significant, any such
figure is necessarily arbitrary, so one possible practical guideline is the following: "Any
undeclared financial interest that could embarrass the author were it to become publicly

known after the work was published.”



Non-financial interests: In addition, authors are requested to disclose interests that go
beyond financial interests that could impart bias on the work submitted for publication
such as professional interests, personal relationships or personal beliefs (amongst others).
Examples include, but are not limited to: position on editorial board, advisory board or
board of directors or other type of management relationships; writing and/or consulting for
educational purposes; expert witness; mentoring relations; and so forth,

Primary research articles require a disclosure statement. Review articles present an expert
synthesis of evidence and may be treated as an authoritative work on a subject. Review
articles therefore require a disclosure statement.Other article types such as editorials, book
reviews, comments (amongst others) may, dependent on their content, require a disclosure
statement. If you are unclear whether your article type requires a disclosure statement,
please contact the Editor-in-Chief.

Please note that, in addition to the above requirements, funding information (given that
funding is a potential conflict of interest (as mentioned above)) needs to be disclosed upon
submission of the manuscript in the peer review system. This information will automatically
be added to the Record of CrossMark, however it is not added to the manuscript itself.
Under 'summary of requirements’ (see below) funding information should be included in
the 'Declarations’ section.

Summary of requirements

The above should be summarized in a statement and placed in a ‘Declarations’ section
before the reference list under a heading of 'Funding’ and/or 'Conflicts of
interests’/'Competing interests’. Other declarations include Ethics approval, Consent, Data,
Material and/or Code availability and Authors’ contribution statements.

Please see the various examples of wording below and revise/customize the sample
statements according to your own needs.

When all authors have the same (or no) conflicts and/or funding it is sufficient to use one
blanket statement.

Examples of statements to be used when funding has been received:

Partial financial support was received from [..]

The research leading to these results received funding from [...] under Grant
Agreement Nol...].

This study was funded by [...]

This work was supported by [...] (Grant numbers [...] and [...]
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Examples of statements to be used when there is no funding:

* The authors did not receive support from any organization for the submitted work.
¢ No funding was received to assist with the preparation of this manuscript.

¢ No funding was received for conducting this study.

¢ No funds, grants, or other support was received.

Examples of statements to be used when there are interests to declare:

* Financial interests: Author A has received research support from Company A. Author
B has received a speaker honorarium from Company Wand owns stock in Company X.
Author C is consultant to company VY.

Non-financial interests: Author C is an unpaid member of committee 7.

¢ Financial interests: The authors declare they have no financial interests.
Non-financial interests: Author A is on the board of directors of ¥ and receives no
compensation as member of the board of directors.

* Financial interests: Author A received a speaking fee from Y for Z. Author B receives a
salary from association X. X where s/he is the Executive Director.
Non-financial interests: none.

¢ Financial interests: Author A and B declare they have no financial interests. Author C
has received speaker and consultant honoraria from Company M and Company N. Dr.
C has received speaker honorarium and research funding from Company M and
Company O. Author D has received travel support from Company O.
Non-financial interests: Author D has served on advisory boards for Company M,
Company N and Company O.

Examples of statements to be used when authors have nothing to declare:

¢ The authors have no relevant financial or non-financial interests to disclose.

e The authors have no conflicts of interest to declare that are relevant to the content of
this article.

» All authors certify that they have no affiliations with or involvement in any organization
or entity with any financial interest or non-financial interest in the subject matter or
materials discussed in this manuscript.

e The authors have no financial or proprietary interests in any material discussed in this
article,

Authars are responsible for correctness of the statements provided in the manuscript. See
also Authorship Principles. The Editor-in-Chief reserves the right to reject submissions that
do not meet the guidelines described in this section.



Research involving human participants, their data or biological
material

Ethics approval

When reporting a study that involved human participants, their data or biological material,
authors should include a statement that confirms that the study was approved (or granted
exemption) by the appropriate institutional and/or national research ethics committee
(including the name of the ethics committee) and certify that the study was 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 an
independent ethics committee or institutional review board explicitly approved the doubtful
aspects of the study. If a study was granted exemption from requiring ethics approval, this
should also be detailed in the manuscript (including the reasons for the exemption).

Retrospective ethics approval

If a study has not been granted ethics committee approval prior to commencing,
retrospective ethics approval usually cannot be obtained and it may not be possible to
consider the manuscript for peer review. The decision on whether to proceed to peer review
in such cases is at the Editor's discretion.

Ethics approval for 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) ethics
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.

Ethics approval for case studies

Case reports require ethics approval. Most institutions will have specific policies on this
subject. Authors should check with their institution to make sure they are complying with
the specific requirements of their institution and seek ethics approval where needed.
Authors should be aware to secure informed consent from the individual (or parent or
guardian if the participant is a minor or incapable) See also section on Informed Consent.
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Cell lines

If human cells are used, authors must declare in the manuscript: what cell lines were used
by describing the source of the cell ling, including when and from where it was obtained,
whether the cell line has recently been authenticated and by what method. If cells were
bought from a life science company the following need to be given in the manuscript: name
of company (that provided the cells), cell type, number of cell line, and batch of cells.

It is recommended that authors check the NCBI database for misidentification and
contamination of human cell lines. This step will alert authors to possible problems with the
cell line and may save considerable time and effort.

Further information is available from the International Cell Line Authentication Committee
(ICLAC).

Authors should include a statement that confirms that an institutional or independent
ethics committee (including the name of the ethics committee) approved the study and that
informed consent was obtained from the donor or next of kin.

Research Resource Identifiers (RRID)

Research Resource Identifiers (RRID) are persistent unique identifiers (effectively similar to a
DOI) for research resources. This journal encourages authors to adopt RRIDs when
reporting key biological resources (antibodies, cell lines, model organisms and tools) in
their manuscripts.

Examples:

Organism: Filip 717 1aKOMPWsi pRID:MMRRC_055641-UCD

Cell Line: RST307 cell line RRID:CVCL €321

Antibody: Luciferase antibody DSHB Cat# LUC-3, RRID:AB_2722109

Plasmid: mRuby3 plasmid RRID:Addgene_104005

Software: Image) Version 1.2.4 RRID:SCR_003070

RRIDs are provided by the Resource Identification Portal. Many commonly used research

resources already have designated RRIDs. The portal also provides authors links so that they

can quickly register a new resource and obtain an RRID.

70



Clinical Trial Registration

The World Health Organization (WHQ) definition of a clinical trial is "any research study that
prospectively assigns human participants or groups of humans to one or more health-
related interventions to evaluate the effects on health outcomes”. The WHO defines health
interventions as "A health intervention is an act performed for, with or on behalf of a person
or population whose purpose is to assess, improve, maintain, promote or modify health,
functioning or health conditions” and a health-related outcome is generally defined as a
change in the health of a person or population as a result of an intervention.

To ensure the integrity of the reporting of patient-centered trials, authors must register
prospective clinical trials (phase Il to IV trials) in suitable publicly available repositories. For
example www.clinicaltrials.gov or any of the primary registries that participate in the WHO

International Clinical Trials Registry Platform.

The trial registration number (TRN) and date of registration should be included as the last
line of the manuscript abstract.

For clinical trials that have not been registered prospectively, authors are encouraged to
register retrospectively to ensure the complete publication of all results. The trial
registration number (TRN), date of registration and the words 'retrospectively registered’
should be included as the last line of the manuscript abstract.

Standards of reporting
Springer Nature advocates complete and transparent reporting of biomedical and

biolagical research and research with biological applications. Authors are recommended to
adhere to the minimum reporting guidelines hosted by the EQUATOR Network when

preparing their manuscript.

Exact requirements may vary depending on the journal; please refer to the journal's
Instructions for Authors.

Checklists are available for a number of study designs, including:
Randomised trials (CONSORT) and Study protocals (SEIRIT),
Observational studies (STROBE)

Systematic reviews and meta-analyses (PRISMA) and protocols (Prisma-P)
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Diagnostic/prognostic studies (STARD) and (TRIPOD)
Case reports (CARE)

Clinical practice guidelines (AGREE) and (RIGHT)

Qualitative research (SRQR) and (COREQ)

Animal pre-clinical studies (ARRIVE)
Quality improvement studies (SQUIRE)
Economic evaluations (CHEERS)

Summary of requirements

The above should be summarized in a statement and placed in a ‘Declarations’ section
before the reference list under a heading of 'Ethics approval’.

Examples of statements to be used when ethics approval has been obtained:

« All procedures performed in studies involving human participants were in accordance with
the ethical standards of the institutional and/or national research committee and with the
1964 Helsinki Declaration and its later amendments or comparable ethical standards. The
study was approved by the Bioethics Committee of the Medical University of A (No. ...).

» This study was performed in line with the principles of the Declaration of Helsinki.
Approval was granted by the Ethics Committee of University B (Date.../No. ...).

= Approval was obtained from the ethics committee of University C. The procedures used in
this study adhere to the tenets of the Declaration of Helsinki.

- The questionnaire and methodology for this study was approved by the Human Research
Ethics committee of the University of D (Ethics approval number: ..).

Examples of statements to be used for a retrospective study:
» Ethical approval was waived by the local Ethics Committee of University A in view of the
retrospective nature of the study and all the procedures being performed were part of the

routine care.

= This research study was conducted retrospectively from data obtained for clinical
purposes, We consulted extensively with the IRB of XYZ who determined that our study did
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not need ethical approval. An IRB official waiver of ethical approval was granted from the
IRB of XYZ.

= This retrospective chart review study involving human participants was in accordance with
the ethical standards of the institutional and national research committee and with the 1964
Helsinki Declaration and its later amendments or comparable ethical standards. The Human
Investigation Committee (IRB) of University B approved this study.

Examples of statements to be used when no ethical approval is required/exemption

granted:

= This is an observational study. The XYZ Research Ethics Committee has confirmed that no

ethical approval is required.

= The data reproduced from Article X utilized human tissue that was procured via our
Biobank AB, which provides de-identified samples. This study was reviewed and deemed
exempt by our XYZ Institutional Review Board. The BioBank protocols are in accordance
with the ethical standards of our institution and with the 1964 Helsinki declaration and its

later amendments or comparable ethical standards.

Authors are responsible for correctness of the statements provided in the manuscript. See
also Authorship Principles. The Editor-in-Chief reserves the right to reject submissions that
do not meet the guidelines described in this section.

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. This is especially true concerning images of vulnerable people
(e.g. minors, patients, refugees, etc) or the use of images in sensitive contexts. In many
instances authors will need to secure written consent before including images.

Identifying details (names, dates of birth, identity numbers, biometrical characteristics (such
as facial features, fingerprint, writing style, voice pattern, DNA or other distinguishing
characteristic) 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 scholarly purposes and the participant (or parent/quardian if the participant
is @ minor or incapable or legal representative) gave written informed consent for
publication. Complete anonymity is difficult to achieve in some cases. Detailed descriptions
of individual participants, whether of their whole bodies or of body sections, may lead to
disclosure of their identity. Under certain circumstances consent is not required as long as
information is anonymized and the submission does not include images that may identify

the person.
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Informed consent for publication 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 meaning.

Exceptions where it is not necessary to obtain consent:

+ Images such as x rays, laparoscopic images, ultrasound images, brain scans, pathology
slides unless there is a concern about identifying information in which case, authors should
ensure that consent is obtained.

+ Reuse of images: If images are being reused from prior publications, the Publisher will
assume that the prior publication obtained the relevant information regarding consent.
Authors should provide the appropriate attribution for republished images.

Consent and already available data and/or biologic material

Regardless of whether material is collected from living or dead patients, they (family or
guardian if the deceased has not made a pre-mortem decision) must have given prior
written consent. The aspect of confidentiality as well as any wishes from the deceased
should be respected.

Data protection, confidentiality and privacy

When biological material is donated for or data is generated as part of a research project
authors should ensure, as part of the informed consent procedure, that the participants are
made aware what kind of (personal) data will be processed, how it will be used and for what
purpose. In case of data acquired via a biobank/biorepository, it is possible they apply a
broad consent which allows research participants to consent to a broad range of uses of
their data and samples which is regarded by research ethics committees as specific enough
to be considered "informed”. However, authors should always check the specific
biobank/biorepository policies or any other type of data provider policies (in case of non-
bio research) to be sure that this is the case.

Consent to Participate

For all research involving human subjects, freely-given, infarmed consent to participate in
the study must be obtained from participants (or their parent or legal guardian in the case
of children under 16) and a statement to this effect should appear in the manuscript. In the
case of articles describing human transplantation studies, authars must include a statement
declaring that no organs/tissues were obtained from prisoners and must also name the
institution(s)/clinic(s)/department(s) via which organs/tissues were obtained. For
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manuscripts reporting studies involving vulnerable groups where there is the potential for
coercion or where consent may not have been fully informed, extra care will be taken by the
editor and may be referred to the Springer Nature Research Integrity Group.

Consent to Publish

Individuals may consent to participate in a study, but object to having their data published
in a journal article. Authors should make sure to also seek consent from individuals to
publish their data prior to submitting their paper to a journal. This is in particular applicable
to case studies. A consent to publish form can be found

here. (Download docx, 36 kB). +

Summary of requirements

The above should be summarized in a statement and placed in a 'Declarations’ section
before the reference list under a heading of ‘Consent to participate’ and/or ‘Consent to
publish’. Other declarations include Funding, Conflicts of interest/competing interests,
Ethics approval, Consent, Data and/or Code availability and Authors' contribution
statements.

Please see the various examples of wording below and revise/customize the sample

statements according to your own needs.

Sample statements for "Consent to participate™:

Informed consent was obtained from all individual participants included in the study.
Informed consent was obtained from legal guardians.

Written informed consent was obtained from the parents.

Verbal informed consent was obtained prior to the interview,

Sample statements for “Consent to publish™:

The authors affirm that human research participants provided informed consent for
publication of the images in Figure(s) 1a, 1b and 1c.
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The participant has consented to the submission of the case report to the journal.
Patients signed informed consent regarding publishing their data and photographs.
Sample statements if identifying information about participants is available in the article:

Additional informed consent was obtained from all individual participants for whom
identifying information is included in this article.

Authors are responsible for correctness of the statements provided in the manuscript. See
also Authorship Principles. The Editor-in-Chief reserves the right to reject submissions that

do not meet the guidelines described in this section.

Images will be removed from publication if authors have not obtained informed consent or
the paper may be removed and replaced with a notice explaining the reason for removal.

Research Data Policy

This journal operates a type 1 research data policy. The journal encourages authors, where
possible and applicable, to deposit data that support the findings of their research in a

public repository. Authors and editors who do not have a preferred repository should
consult Springer Nature's list of repositories and research data policy.

List of Repositories

Research Data Policy

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

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

Authors who need help understanding our data sharing policies, help finding a suitable
data repository, or help organising and sharing research data can access our Author
Support portal for additional guidance.



After Acceptance

Upon acceptance, your article will be exported to Production to undergo typesetting. Once
typesetting is complete, you will receive a link asking you to confirm your affiliation, choose
the publishing model for your article as well as arrange rights and payment of any
associated publication cost.

Once you have completed this, your article will be processed and you will receive the
proofs.

Article publishing agreement

Depending on the ownership of the journal and its policies, you will either grant the
Publisher an exclusive licence to publish the article or will be asked to transfer copyright of
the article to the Publisher.

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

Online First

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

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.
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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®.

» Fasy 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 QA 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:

* Getting a fast, free online grammar check.

* Asking a colleague who is proficient in English to review your manuscript for clarity.
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* 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.

Free online grammar check

English language tutorial

MNature 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.

Open access publishing

To find out more about publishing your work Open Access in Lasers in Medical Science,
including information on fees, funding and licenses, visit our Qpen access publishing_page.



7 APENDICES

APENDICE A - TERMO DE CONSENTIMENTO DO DEPARTAMENTO DE
FISIOLOGIA E FARMACOLOGIA

TERMO DE CONSENTIMENTO DO DEPARTAMENTO DE FISIOLOGIA E
FARMACOLOGIA

Eu, William Schoenau, abaixo assinado, responsavel pelo Departamento
de Fisiologia e Farmacologia da Universidade Federal de Santa Maria (UFSM),
autorizo a realizagdo do estudo intitulado "EFEITOS DO TREINAMENTO
MUSCULAR VENTILATORIO E DA LASERTERAPIA SOBRE O PERFIL
INFLAMATORIO E O ESTRESSE OXIDATIVO EM RATOS COM DIABETES
MELLITUS TIPO Il “ a ser conduzido pelos pesquisadores Camille Gaube
Guex, Carlos Cassiano Figueird da Silva, Jhulie Anne Pinheiro Kemerich,
Larissa da Silva Tonetto, Maria Elaine Trevisan, Nandiny Paula Cavalli, Nubia
Gonzatti e Vanessa Ortiz de Andrade, orientado pelo professor Rodrigo Boemo
Jaenisch e contando com colaboragdo da professora Liliane de Freitas
Bauermann.

Fui informado, pelo responsavel do estudo sobre as caracteristicas e
objetivos da pesquisa bem como das atividades que serao realizadas na
instituigdo a qual represento.

Esta instituigdo esta ciente de suas responsabilidades como instituigao
coparticipante do presente projeto de pesquisa e seu compromisso no
resguardo da seguranga e bem-estar dos sujeitos nela recrutados, dispondo de

infraestrutura necessaria para garantia de tal bem-estar.

Assinatura e carimbo

Prof. WILLIAM SCROENAU

Chefs do Deportamente de Fisiologia
o Fumacelegis

CCNUPSM
Santa Maria, 2 de__ PonL  de20 >R




APENDICE B - TERMO DE CONSENTIMENTO DO LABORATORIO DE
FISIOLOGIA EXPERIMENTAL

APENDICE B - TERMO DE CONSENTIMENTO DO LABORATORIO DE
FISIOLOGIA EXPERIMENTAL

Eu Liliane de Freitas Bausrmann  abaixo assinado, responsavel pelo
Laboratorio de Fisiologia Expenmental da Universidade Federal de Santa Mana
(UESM). autorizo a realizagao do estudo intitulado "EFEITOS DO
TREINAMENTO MUSCULAR VENTILATORIO E DA LASERTERAPIA SOBRE
O PERFIL INFLAMATORIO E O ESTRESSE OX|DATIVO EM RATOS COM
DIABETES MELLITUS TIPO Il * a ser conduzido pelos pesquisadores Camille
Gaube Guex, Carlos Cassiano Figuerd da Silva, Jhulie Anne Pinheiro
Kemerich, Larissa da Silva Tonetto, Mana Elaine Trevisan, Mandiny Faula
Cavalli, Nubia Gonzatti & Vanessa Ortiz de Andrade. orientado pelo professor
Rodrigo Boemo Jaenisch.

Fui informado, pelo responsavel do estudo sobre as caracteristicas e objetivos
da pesquisa bem como das atividades que serao realizadas na instituigao a
qual represento.

Esta instituigio esta ciente de suas responsabilidades como instituigéo
coparticipante do presente projeto de pesquisa e Seu Ccompromisso no
resguardo da seguranga e bem-estar dos sujeitos nela recrutados, dispondo de

infraestrutura necessaria para garantia de tal bem-estar.

M&ammm

Astlians 3¢ F BlBfnann
CRB: 17045 - 03D
MEC: LP 02218/89
UFBM - MAT 2227178

Santa Maria, J)(Jde Alrnd  de2019

81



82

APENDICE C - TERMO DE COMPROMISSO

L 5 |'\_| oral -
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Santahlaria 15 d2 03 da 2019

TEEMO DE COMPROMISSO

Eu, Fodrhge Boemo Jaenisch, CPF 00933046089, responszavel pelo projeto intitulada:
"EFEITOS DO  TREINAMENTO  MUSCULAR  VENTILATORIO E DA
LASERTERAPIA SOBRE O PERFIL INFLAMATORIO E O ESTRESSE OXIDATIVO
EM PATOS COM DIAEETES MELLITUS TIPO II", declaro que:

a)li o disposto na Lein 11.794, de 2 de outubro de 2002, 2 nas demais nonmas aplicaveis a
utilizagdo de amimais em ensino e'ou pesquisa, especialmente as Besolugdes Nommativas

do Conselho Nacional de Controle de Expenmentacio Animal - CONCEA;

b) este estudo nio & desnecessariamente duplicativo, possuindo meérnto cientifico e a equipe
participante deste projeto/aula fol treinada e & competente para executar os procedimentos
descritos neste protocolo;

c) nio existe método substitutive que possa ser utilizade comeo wma
altemativa ao projeto.

Eesponsavel: Rodrigo BoemoJaemsch

o Assmatura:Data:

15/03/2019

Executor: Jhulie Anne Pinheiro Kemerich

Assinatura: Data:13/03/2019

{ p ” i
-,»"."-;l.l':.-' 'L\ AmeuChe

AvenidaRomima 1000 Reitoria 2 "andz-CEPRT
D362 fam: 555 004
Hamsrindsstendimenm dass 3081 40085 15 30hs emadlcenz n
fEmEemail com
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APENDICE D - TERMO DE RESPONSABILIDADE

TERMO DE RESPONSABILIDADE

Ilsdiantz este temmo su Fodrico Bosmo Jasnisch, pesquisador da UFSM, =
coordenador do projeto submetide & CEUA, comprometo-me am providencisr as
autorizagdes necassdrias ao desanvolvimanto do projeto, tais como IBANA ICKBio,
CTHBio CHPg, CGEMN, FUUMAI & Policia Federal, quando for o caso, bem como
verificar as condigdes de biosseguranga nacassarias.

Santa Waris, 10 denovembro da 2018.
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