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RESUMO

Desafios ao organismo como a obesidade, poluigdo atmosférica e a realizacao de
exercicio fisico (EF), podem promover alteragdes na concentragdo intracelular de Proteinas de
Choque Térmico de 70 kDa (iHSP70, sabidamente anti-inflamatdrias) e na concentracao
plasmatica da sua forma induzivel (eHSP72, com ag¢des pro-inflamatdrias). Além disso, a
razdo entre [eHSP72/iHSP70], indice H, pode representar um importante biomarcador de
processos subclinicos que ocorrem no organismo diante destes desafios. Assim, neste
trabalho, buscamos avaliar o efeito do EF agudo em camundongos obesos expostos ao
material particulado fino quanto a razdo intra e extracelular de proteinas de choque térmico e
variaveis de estresse oxidativo do coracao e do pulmao. Foram utilizados 60 camundongos
B6129SF2 (B6) machos, de 30 dias de idade, separados em dois grupos por 16 semanas:
Ragdo Padrio (CTR, n=29) e Dieta Hiperlipidica (HFD, n=31) ad [libitum. Apds as 16
semanas de dieta os animais foram adaptados a nata¢do (3 dias, 10min, dgua 30+1°C) e
separados nos seguintes grupos: repouso que receberam via intranasal salina (CTR, n=6 e
HFD, n=8) ou MP, s (PM, n=7 e PM+HFD, n=7); exercicio agudo de intensidade moderada
com salina (MIE, n=10 ¢ HFD+MIE n=9) ou MP, 5 (PM+MIE, n=6 ¢ HFD+PM+MIE, n=7).
Natacao por 20 minutos com carga de 4% do peso corporal adicionada a cauda e instilacdo
intranasal de MP,s (50ug/10uL). Foi avaliado consumo de racdo, perfil biométrico e
glicémico, marcadores de estresse oxidativo, concentragdo de eHSP72 plasmatica, de iHSP70
nos tecidos pulmonar e cardiaco, o indice H. Nao encontramos diferengas na expressao de
1HSP70 nos tecidos avaliados. No entanto, o exercicio agudo de intensidade moderada gerou
uma menor concentragdo de eHSP72 no plasma de camundongos. Além disso, levou a
diminui¢do do indice H em relagdo ao coracdo e ao pulmao do grupo CTR+MIE e em relagao
ao pulmao do grupo PM+MIE. Estes dados indicam que a realizacdo de exercicio agudo de
moderada intensidade gera um quadro anti-inflamatério em camundongos sedentarios nao

obesos, mesmo que expostos ao MP; s, 0 que ndo ocorre na obesidade.

Palavras - chave: Exercicio. Obesidade. Material Particulado fino. HSP70. eHSP72.



ABSTRACT

Challenges to the body homeostasis as obesity, air pollution and physical exercise can
promote alterations on intracellular levels of anti-inflammatory 70 kDa Heat Shock Protein
(iHSP70) and on plasma concentrations of its stress inducible 72 kDa isoform (eHSP72, with
pro-inflammatory role). The versatility of these proteins to induced and mark different
responses related to inflammation may be an important biomarker immune-inflammatory the
effect of physical exercise associated with exposure to the three conditions studied here.
Furthermore, the [eHSP72/iHSP70] ratio, H index, may represent and important biomarker of
the subclinical and health condition. In this work, we evaluated the effect of acute exercise in
obese mice exposed to fine particulate matter as intra and extracellular ratio of heat shock
proteins and oxidative stress heart and lung variables. We used 60 mice (B6129SF2) with 30
days old, divided in two groups for 16 weeks: standard diet (CTR, n =29) or high fat diet
(HFD, n = 31). After 16 weeks the animals were adapted to the exercise of swimming (2 days,
10 minutes, water 30 £ 1°C) and separated again: 10uL saline or PM; s intranasal instillation
(50ng/10uL). Thus, all groups were immediately subjected to a swimming workout at
moderate intensity (MIE) for 20 minutes or maintained at rest, performing the following
groups: CTR n=6; CTR+MIE n=10; PM n=7; PM+MIE n=6; HFD n=8; HFD+MIE n=9;
HFD+PM n=7; HFD+PM+MIE n=7. Were evaluated: Food consumption, biometric and
glycemic profile, oxidative stress markers, plasma eHSP72 concentration, iHSP70 expression
in cardiopulmonary tissues and H index. We found no differences in iHSP70 expression.
However, acute moderate intensity exercise generates a lower plasma concentration of
eHSP72. Also, exercise reduce H index related to heart and lung tissues in CTR+MIE group
and related to lung tissue in PM+MIE group, suggesting an anti-inflammatory response only
in non-obese animal. We conclude that acute moderate intensity exercise produced an anti-
inflammatory effect in sedentary mice, even if exposed to PM, s and this effect did not occur

in obesity.

Keywords: Physical Exercise. Obesity. Fine Particulate Matter. HSP70. eHSP72.
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1. INTRODUCAO

A obesidade ¢ uma doenca complexa, multifatorial, que esta fortemente associada com
diversas comorbidades (SMITH; SMITH, 2016), caracterizada pelo balango energético
positivo e considerada atualmente um importante problema de satide publica em diferentes
culturas. A obesidade e o sobrepeso aumentaram sua prevaléncia de forma global sendo 28%
em adultos e 47% em criangas no periodo de 1980 a 2013. Estimativas atuais mostram que
existem aproximadamente 2,1 bilhdes de pessoas com sobrepeso ou com obesidade no mundo

(NG et al., 2014).

Habitos cada vez mais sedentarios das populacdes tém corroborado para o aumento da
prevaléncia da obesidade e doencas relacionadas. No Brasil, em recente levantamento
realizado em todas as capitais, com individuos acima de 18 anos pela, Vigilancia de Fatores
de Risco e Protecao para Doencgas Cronicas por Inquérito Telefonico (VIGITEL), apontou que
a frequéncia de sedentdrios no conjunto da populagdo ¢ de 48,7%. Este estudo considerou
sedentarios, aqueles individuos que nao alcancam um nivel suficiente de atividade fisica

moderada semanal de 150min (BRASIL, 2015).

As alteragcdes metabolicas decorrentes do modo de vida moderno sdo estabelecidas
como os principais fatores de risco para desenvolvimento de diabetes (WHO, 2003). Estudos
tém demonstrado que indicadores antropométricos de excesso de tecido adiposo na regido
abdominal estao correlacionados a ocorréncia de algumas doengas como diabetes mellitus tipo
2 (DM2) e outras como hipertensdo arterial, dislipidemias e também risco coronariano

elevado (CAVALCANTI et al., 2009).

Muita atengao tem sido dada ao tecido adiposo depois que o quadro de inflamagao
cronica de baixo grau, caracteristica da obesidade, surgiu como um elo entre obesidade e
doengas metabolicas como o DM2 (HOTAMISLIGIL, 2006). O acumulo de tecido adiposo
tem sido associado com biomarcadores de estresse oxidativo (KEANEY et al., 2003).
Individuos diabéticos, devido a condigdo de hiperglicemia, podem induzir aumento de
Espécies Reativas de Oxigénio (ERO), além de reduzirem sua capacidade de defesa

antioxidante favorecendo um quadro de estresse oxidativo (MARTIN-GALLAN et al., 2003).

Assim, estudos que abordem estratégias de prevengao e/ou tratamento da obesidade e

sindromes metabolicas relacionadas, ou estudos que propiciam uma melhor compreensao dos
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mecanismos fisiopatolégicos dessas doengas, sdo de suma importincia para a compreensao e
desenvolvimento de estratégias de prevencdo e tratamento em saude. Logo, modelos
experimentais sdo essenciais para estudo dos mecanismos patoldgicos de doencas humanas

como a obesidade e doencas relacionadas (KOYA; KANASAKI, 2011).

Nesse sentido, o modelo que mais se assemelha ao desenvolvimento da obesidade
humana e tem sido considerado adequado ¢ o modelo de obesidade exdgena. Modelo no qual
0 objetivo € gerar um balanco energético positivo e observar alteracdes metabolicas em
animais, semelhantes aos efeitos da obesidade em humanos. Assim, sdo frequentemente
adotadas metodologias de exposi¢do prolongada a dietas ricas em gorduras (hiperlipidicas)

(ESTADELLA et al., 2004).

Além da obesidade, outro problema de ordem de saude global ¢ a ma qualidade do ar
ao qual estamos expostos, principalmente em paises industrializados (SLOVIC et al., 2015).
Correntemente, pesquisas epidemiologicas e toxicoldgicas vém fornecendo evidéncias dos
efeitos da poluicdo atmosférica na saude humana, ainda que com niveis de exposicdo menores
do que os padrdes recomendados pela Organizagdo Mundial da Satide (OMS), confirmando

um problema de saude publica (COTE et al., 2008).

A obesidade e a exposi¢do a poluentes atmosféricos, dentre os quais se destaca o
material particulado de 2,5um (MP,s), podem apresentar mecanismos comuns de agravo a
saude. Ambos, estdo intimamente relacionados ao aumento desregulado de citocinas
inflamatorias, logo, podem levar ao consequente aumento de Espécies Reativas de Oxigénio
(ERO), estresse oxidativo e inflamagdo sistémica (FURUKAWA et al., 2004; MEIER et al.,
2014).

Além disso, obesidade e o sobrepeso corporal podem tornar o individuo mais
suscetivel aos efeitos da polui¢dao atmosférica, como visto pelo aumento da prevaléncia de
doencas cardiovasculares e acidente vascular encefalico (QIN et al., 2015). Particulas que
apresentam diametro aerodindmico menor que 2,5 um, formadas a partir dos processos de
combustdo, incluindo fontes como veiculos, usinas, incéndios, queimadas agricolas e
processos industriais t€ém a capacidade de invadir o trato respiratdrio e sistema vascular

(PEARSON et al., 2010), sendo um grande risco a saude da populagao.
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A exposicdo prolongada a niveis elevados de poluentes atmosféricos estd
significativamente associada ao elevado risco de desenvolvimento de DM2 (WANG et al.,
2014). Estudos com animais demonstram que a inalacdo de MP, s pode gerar desequilibrio
autondmico e estresse oxidativo, fatores associados ao desenvolvimento de inflamagao
pulmonar em ratos (RHODEN et al., 2004). Ainda, a inalacdo de MP, 5 pode levar a alteragao
do tonus vasomotor, inflamagdo vascular, adiposidade, aterosclerose e resisténcia insulinica

(XU etal., 2011).

Em contrapartida, no combate as doengas cronicas e suas comorbidades, tém-se a
recomendacdo de pratica regular de exercicios moderados a vigorosos pela OMS e por
diversas sociedades académico-cientificas (ELJSVOGELS; THOMPSON, 2015). Quando
realizado de forma aguda, por individuos sedentarios e sem planejamento, o exercicio fisico
também representa desafios ao organismo, podendo desencadear alteragdes no sistema redox
e quadro inflamatério (THRALL et al., 2007). A explicagdo deve-se ao fato que em situacao
de repouso, as defesas antioxidantes presentes nos tecidos sdo suficientes para controlar
grande parte da atividade oxidativa, no entanto, durante a realizacdo de exercicio fisico
(principalmente extenuante), ocorre aumento do consumo de oxigénio nas células de
diferentes tecidos, o qual ¢ diretamente proporcional a formag¢do de ERO (BANERJEE et al.,
2003). Em individuos sedentarios, os tecidos nao sao capazes de debelar tal demanda
oxidativa (FISHER-WELLMAN et al., 2009), podendo ocorrer processo inflamatdrio
associado (VAN HELVOORT et al., 2005).

Neste trabalho, buscamos avaliar o efeito do exercicio fisico agudo em condigdes de
risco a saude: na obesidade e na exposicdo a poluicdo atmosférica. Ainda, temos o
entendimento de que essas condigdes (obesidade, poluicao e exercicio fisico) podem ser
avaliadas por variaveis comuns: pelas alteracdes metabdlicas, pelo estresse oxidativo e pelo
quadro inflamatoério, este Ultimo, analisado através da Proteina de Choque Térmico de 70 kDa

(HSP70).

Estimulos estressores como a obesidade (CHUNG et al., 2008), polui¢do atmosférica
(KIDO et al., 2011) e exercicio fisico (MILNE; NOBLE, 2002) podem promover alteracdes
na expressdo de HSP70. Tem sido proposto que devido a versatilidade dessa proteina, em
induzir diferentes respostas relacionadas a inflamacdo, de acordo com sua localizagdo, a
HSP70 pode representar um importante marcador para o estado imunoinflamatério durante o

exercicio fisico (KRAUSE et al.,, 2015) e em muitos tipos de doencas (RODRIGUES-
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KRAUSE et al., 2012). Resumidamente, enquanto no ambiente intracelular (iHSP70) essa
proteina ativa diversas vias de sinalizacdo anti-inflamatorias, principalmente através da
inativacado do fator de transcricdo nuclear NF-xB (JONES et al.,, 2011), fora da célula
(eHSP70) induz o efeito oposto (ASEA, 2008).

O quadro de obesidade, devido a expansdao do tecido adiposo, aumenta os niveis
circulantes de citocinas pro-inflamatorias como o fator de necrose tumoral alfa (TNF-a) e a
IL-1B (CHUNG et al., 2008), as quais em conjunto com o quadro de hiperglicemia, aumentam
a producdo de ERO resultando em estresse oxidativo, disfuncdo mitocondrial e ativacdo de
NF-«B (NEWSHOLME; KRAUSE, 2014). Assim, notavelmente o aumento da gordura
corporal pode determinar o conteudo de HSP70 (RODRIGUES-KRAUSE et al., 2012).

A exposicdo ao MP induz a expressdo de HSP70 in vitro e in vivo. O aumento do
contetido de HSP70 in vitro esta relacionado a protecao e sobrevivéncia celular (GUALTIERI
et al., 2008). A exposicao cronica in vivo ao MP demonstrou aumentar o nivel de eHSP70
(plasma), podendo ser um importante mediador imunoldgico, contribuindo a agravos como
disfungdo vascular e eventos cardiovasculares (KIDO et al., 2011). Desta forma, tem sido
proposto que a HSP70 possa ser utilizada como um biomarcador para avaliagdes precoces dos
efeitos nocivos a saude causados pela exposicdo a poluicdo atmosférica

(MUKHOPADHYAY et al., 2003).

E amplamente aceito que a realizagdo de exercicio fisico agudo e/ou cronico modula a
atividade e expressdo de HSP70 em varios tecidos humanos e animais (DIMAURO et al.,
2016). Além disso, resultados com animais indicam que o exercicio fisico induz mudangas no
nivel de HSP70 no coragao e pulmado (LOLLO et al., 2013). E como ja indicado, a expressao
dessa proteina ¢ dependente da intensidade do exercicio realizado (MILNE; NOBLE, 2002).
Enquanto sessoes agudas de exercicio sinalizam uma situacdo de estresse fisiologico para
todos os sistemas (HECK et al, 2011), podendo gerar um aumento momentaneo na
concentracdo de eHSP70 (FEBBRAIO et al., 2002), com o treinamento essa resposta inicial
tende a diminuir (MORTON et al.,, 2009), assim, gerando adaptacdes ao estresse e

consequente menor concentragdo de eHSP70.

Interessantemente, a expressao de HSP70 em diferentes células e sua exportagao para
a circulacdo ocorre em situagdes de desafio ao organismo, como nas trés dimensdes em estudo

(obesidade, exposi¢ao a poluigdo e exercicio fisico). Assim, o objetivo deste estudo foi avaliar
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o efeito do exercicio fisico agudo em camundongos obesos expostos ao material particulado
fino quanto a razdo intra e extracelular de proteinas de choque térmico e variaveis de estresse

oxidativo do coragdo e do pulmao.
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1.1 Obesidade

A prevaléncia da obesidade tem atingido proporgdes epidémicas nos ultimos anos,
estima-se que existam aproximadamente 2,1 bilhdes de pessoas obesas ou com sobrepeso no
mundo, o que representa quase 30% da populacdo mundial. Definida como o acimulo de
gordura anormal ou excessiva, a obesidade ¢ uma doenga cronica degenerativa multifatorial,
caracterizada pelo balango energético positivo, e considerada atualmente um importante
problema de satide publica de ordem global, tanto para paises desenvolvidos como para os em

desenvolvimento (WHO, 2015).

O padrao ouro adotado, como critério para o diagndstico do sobrepeso e obesidade,
sdo técnicas de imagem como ressonancia magnética, tomografia computadorizada e
absorciometria com raios-X de dupla energia (dexa). Porém devido ao alto custo e a falta de
equipamentos necessarios, seu uso na pratica clinica torna-se indisponivel (ABESO, 2010). O
critério indicado pela Organizagdao Mundial da Saude (OMS), devido a sua aplicabilidade e
baixo custo, é o Indice de Massa Corporal (IMC), calculado a partir da massa corporal do
individuo em quilogramas, dividido pelo quadrado de sua altura em metros (kg/m?). Desta
forma, sdo classificados com sobrepeso corporal individuos de IMC > 25 kg/m” e com
obesidade IMC > 30 kg/m? (WHO, 2015). O nimero de individuos nessas condi¢des ja
ultrapassa o nimero de pessoas desnutridas, o que demonstra aceitagdo global por alimentos
palataveis ricos em gorduras. No Brasil 52,5% dos homens e 58,4% das mulheres com mais

de 20 apresentam sobrepeso e/ou obesidade (NG et al., 2014).

As alteragdes metabolicas decorrentes deste modo de vida sdo estabelecidas como os
principais fatores de risco para uma série de doengas cronicas nao transmissiveis (DCNT)
(WHO, 2003). Estudos tém demonstrado que indicadores antropométricos de excesso de
tecido adiposo na regido abdominal estdo correlacionados a ocorréncia de DM2 e de algumas
doencas como hipertensao arterial, dislipidemias e também risco coronariano elevado

(CAVALCANTI; CARVALHO; BARROS, 2009).

Atualmente 382 milhdes de pessoas sdo afetadas pelo DM2 e todos os anos 4,9
milhdes de pessoas morrem em decorréncia da doenca. Existem previsdes, de acordo com as
tendéncias atuais, que 592 milhdes de pessoas terdo a doenca em 2035 (INTERNATIONAL
DIABETES FEDERATION, 2013). Essa pandemia de sindromes metabdlicas e transtornos

relacionados com a obesidade sugerem um aumento proporcional na prevaléncia de DM2, e
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este, ¢ um dos principais fatores de morbidade e mortalidade em todo mundo (HOSSAIN et

al., 2007).

A etiologia para o aumento das taxas de prevaléncia da obesidade tem sido associada a
um estilo de vida inadequado, caracterizado principalmente pelo excesso da ingestdo de
alimentos altamente energéticos, ricos em gordura. Além disso, o aumento da inatividade
fisica, devido a natureza cada vez mais sedentaria de muitas formas de trabalho, mudanga em
modos de transporte e crescente urbanizagdo contribuem para essa alta prevaléncia (WHO,

2015).

Desde que a obesidade passou a ser reconhecida como uma doenca inflamatoéria,
diversos estudos tem encontrado relacao entre a doenga ¢ alteracdes metabdlicas e enddcrinas
do tecido adiposo. Em individuos obesos, o tecido adiposo aumenta a sintese de adipocinas
(citocinas) de efeito pro-inflamatdrio, como a interleucina-6 (IL-6), o fator de necrose tumoral
alfa (TNF-a) e os fatores do complemento B, C3 e D (adipsina). Todas elas tém fungdes
imunologicas, produzidas no adipocito, em resposta a estimulos infecciosos ou inflamatorios
(COSTA; DUARTE, 2006). Embora algumas destas moléculas tenham, sobretudo, agdo
autocrina ou paracrina, algumas contribuem para a inflamagdo sistémica de baixo grau,

presente no DM2 (BERG; SCHERER, 2005)

Assim, a inflamagdo cronica de baixo grau, que ¢ mediada principalmente por células
do sistema imune inato e adaptativo surgiu como um elo importante entre obesidade e
altera¢des metabolicas (HOTAMISLIGIL, 2006). O tecido adiposo deixa de ser considerado
apenas um reservatorio de energia e passa a ser reconhecido como 6rgdo enddcrino, com
multiplas funcdes e papel central na génese da resisténcia a insulina (RI) (MOHAMED-ALI,
PINKNEY; COPPACK, 1998), intolerancia a glicose, hipertensao arterial e dislipidemias
(DEFRONZO, 1997; TIMAR; SESTIER; LEVY, 2000).

A RI e a conseqiiéncia do declinio na secre¢ao de insulina pelo pancreas, sdo o
principio da patogénese do DM2 (KAHN, 1994; GRODSKY, 1999; REAVEN, 2011). Na
fase inicial do DM2, a tolerancia normal a glicose ¢ preservada devido a compensagdo pela
hipersecrecdo de insulina (hiperinsulinemia), porém com aumento constante da RI a
hiperinsulinemia compensatoria torna-se insuficiente, ocorre exaustdo das células J

pancreatica, resultando em hiperglicemia sustentada e DM2 (DIABETES, 2010).
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Existem crescentes evidéncias que mostram que o estresse oxidativo (EO) desempenha
um papel chave em processos patologicos observados no DM2. Estudos indicam que o EO ¢
responsavel em gerar disfun¢des nas células B pancreaticas e resisténcia a insulina, as duas

marcas do DM2 (GIACCO; BROWNLEE, 2010; HENRIKSEN et al., 2011).

EO ¢ o desequilibrio bioquimico apresentado quando a produgdo de radicais livres ou
de ERO excede a capacidade antioxidante natural do organismo, resultando em dano
oxidativo (HALLIWELL; GUTTERIDGE, 1999). Logo, o EO torna o organismo suscetivel e
contribui para o desenvolvimento de inumeras patologias, especialmente aquelas de natureza
cronica ou degenerativa (WEXLER, 2007), como podemos salientar, na condi¢cdo de
individuos obesos (VAN GAAL; MERTENS; DE BLOCK, 2006) e/ou diabéticos (GIACCO;
BROWNLEE, 2010).

Em decorréncia da hiperglicemia, gerada no quadro de DM2, individuos acometidos
com a doenga sdo predispostos a desenvolver um perfil pro-oxidante e pro-inflamatorio, uma
vez que apresentam aumento da producdo de ERO e diminuicdo da capacidade de defesa
antioxidante (VANDERJAGT et al., 2001), bem como aumento de citocinas inflamatorias

(SHARMA et al., 2012).

A obesidade e doengas associadas, atualmente representam um dos maiores desafios
para a ciéncia basica e pesquisas clinicas. E evidente que o desenvolvimento de modelos
animais apropriados ¢ crucial para estudos da patogénese e terapia destas complexas

desordens metabolicas (CALIXTO, 2012).

Assim como os seres humanos, os roedores tendem a ganhar peso corporal com
ingestdo de dieta hiperlipidica, e os parametros utilizados para confirma¢do de um estado
obeso, assim como em humanos pode ser o IMC, determinado a partir da relagdo entre peso
corporal em gramas, dividido pelo comprimento nasoanal do animal em centimetros

quadrados (g/cm?) ¢ a adiposidade abdominal (NOVELLI et al., 2007).

Diversos estudos tém utilizado dietas hiperlipidicas para reproduzir modelos de
obesidade em roedores. Desde a década de 40, quando foi descrita a primeira intervencao
nutricional, estudos subseqiientes revelaram que este modelo experimental promove

hiperglicemia e resisténcia a insulina (IKEMOTO et al., 1996; WOODS et al., 2003),
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demonstrando, que dietas hiperlipidicas podem ser utilizadas para criar um modelo valido de

obesidade em roedores (BUETTNER et al., 2007).

Neste modelo, acrescenta-se ou associam-se a ra¢ao padrao, substancias altamente
caléricas (CESARETTI; KOHLMANN JUNIOR, 2006). Por gerar um balango energético
positivo e observar altera¢cdes no metabolismo dos animais que se assemelhem aos efeitos da
obesidade em humanos, este tem sido considerado um modelo experimental adequado
(ESTADELLA et al., 2004). As consequéncias metabolicas do consumo continuo de dietas
hiperlipidicas também estdo associadas ao prejuizo no metabolismo glicémico, estimulando
uma producgdo anormal de glicose, causando hiperinsulinemia e resisténcia a insulina, EO e

inflamacao (REAVEN, 1988).
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1.2 Poluicao Atmosférica

A polui¢do do ar ¢ um problema de satide ambiental que tem afetado todos os paises
desenvolvidos ou em desenvolvimento em todo o mundo. Definida como qualquer forma de
matéria ou energia com intensidade, concentragdo, tempo ou caracteristicas que possam tornar
o ar improprio e nocivo a saude, ao bem estar publico e & qualidade de vida de uma
comunidade (BRASIL, 2012), a poluicao atmosférica foi responsavel por cerca de 7 milhdes

de mortes em todo o mundo s6 no ano de 2012 (WHO, 2014).

O termo “poluente” diz respeito a substancias quimicas, particulas ou gases toxicos,
introduzidas no meio ambiente por diversas fontes e que causam efeitos adversos aos seres
vivos e/ou no ecossistema (BRASIL, 2012). A OMS lista uma série de componentes toxicos
para a saude relacionados a poluicdo do ar. Estes podem ser emitidos para a atmosfera como
didxido de enxofre, mondxido de carbono e 6xido de nitrogénio, e também quando formados
a partir de reagdes quimicas, a exemplo do ozdénio e o material particulado (MP) (WHO,

2006).

A relagdo entre poluicao atmosférica e problemas de satide tem sido constantemente
estudada nos ultimos 15 anos, e a literatura mundial tem demonstrado que variagdes toxicas
dos poluentes no ambiente afetam a satde humana de diferentes maneiras e niveis de
gravidade, reduzindo a expectativa de vida e aumentando a taxa de mortalidade

principalmente em grandes centros urbanos (SLOVIC et al., 2015).

Devido ao maior efeito sobre a satide humana, o MP tem recebido maior énfase em
pesquisas cientificas epidemioldgicas e experimentais. MP ¢ uma mistura de particulas
liquidas e solidas em suspensdo no ar. Sua composi¢do e tamanho dependem das fontes de
emissdo e condi¢des meteorologicas presentes no ambiente. O MP ¢ classificado de acordo
com seu tamanho aerodinamico, mas também pode ser classificado em particulas inalaveis ou
grossas cujo didmetro ¢ menor que 10 um (MPyg - 2,5 a 10 um), particulas finas de até 2,5 um

(MP;5) e ultrafinas cujo o tamanho ¢ inferior a 0,1 pm (MPy ;) (BRAGA et al., 2001).

O tamanho aerodindmico da particula possui relacdo inversamente proporcional ao
potencial de deposi¢ao no trato respiratorio e os efeitos associados a saude. Logo, quanto
menor a particula, maiores sdo os efeitos produzidos. Neste contexto, destaca-se a poluicao

atmosférica por MP, s, formado a partir dos processos de combustdo, incluindo fontes como
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veiculos, usinas, incéndios, queimadas agricolas e processos industriais que tem a capacidade
de invadir o trato respiratorio e sistema vascular (PEARSON et al., 2010) podendo gerar

efeitos toxicos em orgaos especificos (BURCH, 2002).

Portanto, estabelecer padrdes de controle da qualidade do ar, pode contribuir para
prevencao de problemas ambientais e da saude da populacio (RODRIGUES et al., 2015). A
OMS estabeleceu em 2005 padroes de poluicao recomendaveis, visando o menor efeito sobre
a saude: para a concentracdo de MP;, s, foi estabelecida uma média didria de 25 pg/m’ e anual
de 10pg/m’, mas os paises poderiam adotar distintos padrdes, de acordo com suas

especificidades locais (WHO, 2005).

No Brasil, os padrdes de qualidade do ar foram estabelecidos pela resolucdo do
Conselho Nacional do Meio Ambiente (CONAMA) n°® 03/90 e foi estabelecida apenas a
média anual de MP;, de lSO;Lg/m3 (BRASIL, 1990). No entanto, em 2013 o Conselho
Estadual do Meio Ambiente do Estado de Sao Paulo (CONSEMA), definiu novos critérios
para MP) e estabeleceu o padrdo para MP, s, até entdo inexistente no Brasil. Assim, foram
estabelecidos os limites diarios para MP,s em 60pg/m’ e anuais em 20pug/m’ (CONSEMA,
2013).

Com base em iniimeros estudos epidemioldgicos e grande observagao clinica, 0 MP 5
tem sido considerado como o principal responsavel pelos efeitos cardiovasculares adversos da
poluicao atmosférica na saide humana (BROOK et al., 2010). Estudos mostram a relagao da
exposicdo ao MP, s na disfuncdo endotelial e formagao da placa aterosclerotica (KILINC et
al., 2011), com o aumento da pressao arterial (CHAN et al., 2015), com o infarto agudo do
miocardio (CESARONI et al., 2014), e em outras doengas como cancer de pulmao (POPE et
al., 2002) e doencas respiratorias (XING et al., 2016).

Pesquisa realizada pela Global Burden of Disease que avalia a mortalidade e
incapacidade por doengas graves, lesdes e fatores de risco, estabeleceu em 2010 a poluigao
atmosférica por MP; 5 como o sexto maior fator de risco para mortalidade prematura global. A
carga da exposicao ao poluente ¢ maior que a combinacdo de doengas como maléria e HIV-

AIDS (IHME, 2012; APTE et al., 2015).

O desequilibrio bioquimico, gerado ap6s a exposi¢do a agentes pro-oxidantes, como o

MP, 5, é o fator patogénico comum entre as doencas relacionadas a poluigdo atmosférica
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(GONZALEZ-FLECHA, 2004). Os mecanismos moleculares de doengas provocadas pela
exposi¢do ao MP,s incluem mecanismos diretos, nos quais o MP,s entra em contato
diretamente com a corrente sanguinea € com outros 6rgaos, gerando inflamagdao pulmonar
local, aumento de ERO e consequente EO (NEMMAR et al., 2002), e mecanismos indiretos,
onde o MP,5 pode desencadear uma cascata inflamatoria relacionada a sua deposi¢cdo no
pulmao, gerando assim, aumento de citocinas inflamatérias como Proteina C Reativa (PCR),

IL-6, IL-8 e IL-1B, caracterizando um quadro de inflamacao sistémica (MEIER et al., 2014).

Assim, o quadro de obesidade (topico 1.1) e de exposicdo a poluicdo atmosférica,
destacado acima pelo MP, s, podem apresentar mecanismos em comum. A obesidade, estd
intimamente relacionada ao aumento desregulado de citocinas inflamatorias, assim como, o
resultado da exposi¢do ao MP,s. Logo, ambos podem levar ao consequente aumento de ERO,

EO e inflamagdo sistémica (FURUKAWA et al., 2004; MEIER et al., 2014).

Além disso, individuos obesos ou com sobrepeso corporal, podem ser mais suscetiveis
aos efeitos da polui¢do atmosférica, observado por estudos epidemioldgicos que indicam o
aumento da prevaléncia de doencas cardiovasculares e acidente vascular encefalico em
populacao exposta ao MP, 5 (QIN et al., 2015). Além disso, a exposi¢do prolongada a niveis
elevados de poluentes atmosféricos estd significativamente associada ao elevado risco de

desenvolvimento de DM2 (WANG et al., 2014).

Diversos estudos tém utilizado modelos experimentais com animais, na busca de uma
melhor compreensdo dos mecanismos fisiopatoldgicos relacionados aos efeitos nocivos da
poluicdo atmosférica a satde. Para tal, existem diferentes modelos in vivo que mimetizam os
efeitos da poluigdo atmosférica. Vale destacar métodos em camaras, em que o ar ¢
propulsionado do ambiente externo para a area interna da camara onde os animais ficam
expostos (SUN et al., 2009), concentrador de particulas, onde sdo utilizadas durante um
periodo de tempo as concentracdes reais de particulas existentes no meio ambiente
(RHODEN et al., 2004) e métodos de instilagao intratraqueal (YAN et al., 2011) e intranasal
(ZANCHI et al., 2008).

O método de instilacdo intranasal, conforme utilizado em nosso estudo, o animal ¢
contido pelo manipulador, e entdo ¢ realizada a administra¢do via intranasal da suspensdao em
liquido, da concentragdo conhecida do poluente em teste, diretamente na narina do animal,

que por reflexo de apnéia inala a suspensio (OSIER; OBERDORSTER, 1997). Este tem sido
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um método eficiente em relacionar os efeitos da polui¢do atmosférica no desenvolvimento de

doengas cronicas respiratdrias e cardiometabdlicas (BROOK et al., 2010).

Estudos com animais demonstram que a inalagdo de MP, s pode gerar desequilibrio
autonomico e EO, fatores associados ao desenvolvimento de inflamag¢do pulmonar em ratos
(RHODEN et al., 2004). XU et al. (2011) mostraram que a inalagdo de MP, s pode levar a
alteragcdo do tonus vasomotor, inflamacdo vascular, adiposidade, aterosclerose e RI.
Considerando que individuos com obesidade também apresentam desequilibrio autondmico e

EO a combinagdo apresenta-se como um risco a satde.
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1.3 Exercicio Fisico

Compreende-se por exercicio fisico (EF) todos os movimentos corporais planejados,
organizados e repetidos com o objetivo de manter ou melhorar um ou mais componentes da
aptidao fisica (CASPERSEN et al. 1985). O EF caracteriza-se por uma situa¢do que retira o
organismo de sua homeostase, pois implica no aumento instantaneo da demanda energética da
musculatura exercitada e, consequentemente, do organismo como um todo. As respostas
geradas no organismo dependem do tipo de EF realizado, variando quanto ao seu volume,

freqiiéncia e intensidade (BRUM; NEGRAO, 2004).

Atualmente, evidéncias cientificas t€ém suportado que o EF deve ser entendido como
uma das formas de tratamento para DCNT. Estudos demonstram que uma mudanga no estilo
de vida, visando o aumento do gasto caldrico, através da prescricdo de EF regular, aliado ao
controle alimentar, visando diminuir a ingestao caldrica, fazem parte de uma primeira linha de

tratamento da obesidade e sindromes relacionadas como DM2 (LEON; MADDOX, 2015).

Foi demonstrado por KNOWLER et al. (2002), em ensaio clinico com individuos
obesos em alto risco de desenvolvimento de DM2, que a ado¢do de um estilo de vida
adequado, visando a diminuic¢do do peso corporal inicial em 7%, através de praticas regulares
de exercicios fisicos moderados (150min/semana), seguido de uma dieta com baixo teor
gordura, obteve maior eficacia na incidéncia de DM2 do que o tratamento farmacoldgico com

Metformina, medicamento hipoglicemiante.

Nesse sentido, tém-se recomendacdes de pratica regular de exercicios moderados a
vigorosos pela OMS e por sociedades académico-cientificas, no combate de doencas cronicas
e suas comorbidades (ELISVOGELS; THOMPSON, 2015). E atual a discussdo sobre qual a
melhor modalidade e intensidade de exercicio para que sejam promovidos beneficios,
metabolicos (LLOPIS et al., 2015) para individuos saudaveis e para individuos com obesidade

e/ou DM2 (LITTLE et al., 2014).

Embora sejam relatados muitos efeitos benéficos do treinamento fisico regular no
controle glicémico (UMPIERRE et al., 2011), evidéncias recentes demonstraram que uma
sessdo (30min.) de exercicio aerobico de intensidade moderada reduz substancialmente a

hiperglicemia no dia seguinte em individuos com DM2 (VAN DIJK et al., 2012).
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No entanto, quando realizado de forma aguda, por individuos obesos, em ambientes de
exposicdo a poluicdo atmosférica, a pratica de EF pode representar desafios extremos ao
organismo, deixando de trazer beneficios e oferecendo risco ao individuo (THRALL et al.,

2007).

A principal razdo para este debate ¢ que, mesmo durante o exercicio agudo de baixa
intensidade, ha aumento significativo da ventilacdo pulmonar, assim, a taxa de deposi¢ao de
MP durante o EF pode ser cerca de cinco vezes maior do que na situagdo de repouso
(DAIGLE et al., 2003). Cabe destacar que tais eventos toxicos sdo potencialmente maiores em
sessOes agudas de EF realizada por individuos sedentarios quando comparadas a individuos

treinados (WEN et al., 2009).

A explicagdo deve-se ao fato que em situacdo de repouso, as defesas antioxidantes
presentes nos tecidos sdo suficientes para controlar grande parte da atividade oxidativa, no
entanto, durante a realizacao de exercicio fisico, ocorre aumento do consumo de oxigénio nas
células de diferentes tecidos, o qual ¢ diretamente proporcional a intensidade do exercicio e
consequente formagdo de ERO (BANERIJEE et al., 2003). Em individuos sedentarios, os
tecidos ndo sdo capazes de debelar tal demanda oxidativa (FISHER-WELLMAN et al., 2009),
podendo ocorrer processo inflamatorio associado (VAN HELVOORT et al., 2005).

Neste sentido, tanto humanos como animais utilizam sistemas de defesa antioxidante
para neutralizar o dano oxidativo e proteger as cé€lulas da agdo de ERO (ZANCHI et al.,
2008). Esse mecanismo de defesa envolve estratégias enzimaticas como aumento na atividade
de enzimas antioxidantes como a superdxido dismutase (SOD), catalase (CAT), ou ainda
adaptagdes moleculares como aumento na expressao de proteinas de choque térmico (HSP)

(MILNE; NOBLE, 2002).

Por outro lado, estudos tém relatado que o exercicio agudo ¢ capaz de gerar uma
resposta imunologica anti-inflamatéria, mediada por citocinas com acao anti-inflamatdria
(PETERSEN; PEDERSEN, 2005). As citocinas sdo pequenos polipeptideos, que foram
originalmente descobertos por terem fungdes imunoreguladoras, assim, podendo atuar com

fungdes tanto pré quanto anti-inflamatoria (AKIRA; KISHIMOTO, 1992).

A principal mediadora na resposta anti-inflamatéria durante o EF ¢ a IL-6. A atividade

reguladora do processo inflamatorio da IL-6 vem sendo considerada como o principal agente
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regulador da resposta de fase aguda no EF. Essa citocina ¢ produzida em concentragdes mais
elevadas pelo tecido muscular esquelético estriado, leucdcitos e células endoteliais, via
sinalizagdo das citocinas pro-inflamatdrias e das ERO, sendo sua secrecdo relacionada a
intensidade, duracdo e quantidade de massa muscular envolvida no EF. Os niveis dessa
citocina podem aumentar de modo exponencial, até 100 vezes, em resposta ao exercicio e
declina no periodo pos-exercicio (PETERSEN; PEDERSEN, 2005). As ag¢des anti-
inflamatérias da IL-6 sdo diversificadas, incluindo efeitos inibitérios sobre a producdo e
secrecdo, principalmente de TNF-a, estimulo da sintese das citocinas anti-inflamatorias como
receptor antagonista de IL-1 (IL-1ra) e IL-10, além do estimulo a liberagdo de receptores

soluveis para TNF-a (sTNF-R) (PETERSEN; PEDERSEN, 2005).

Considerando que desafios ao organismo geram uma situacao de estresse e que
dependendo da intensidade pode causar efeitos danosos ao mesmo, e por outro lado, o fato de
alteracdes moderadas poderem moldar capacidades fisioldgicas através do desenvolvimento
de ajustes internos (HOCHACHKA, 2002). Destacam-se os efeitos da realiza¢ao de exercicio
fisico, que desafia o organismo durante o esforco, mas promove adaptacdes que podem ser
benéficas diante de outras adversidades do ambiente interno (obesidade) e externo (polui¢ao

atmosférica).

Assim, ¢ plausivel inferir que este efeito do EF, simultaneamente sobre o sistema
imunologico (equilibrio pré/anti-inflamatorio) e sobre o balangco das atividades pro e
antioxidantes nos diferentes 6rgdos, possa ter um biomarcador em comum, que indique com
precisdo o processo saude/doenga, assim como servir de referéncia sobre os processos
bioldgicos subclinicos que ocorrem no organismo quanto a prescricao de exercicio fisico: a

HSP70 (HECK, 2011).
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1.4 Proteinas de Choque Térmico

As proteinas de choque térmico, do inglés Heat Shock Protein (HSP), sao
consideradas parte de uma familia de proteinas conhecidas como proteinas de estresse.
Inicialmente, foram identificadas como proteinas induzidas pelo estresse térmico, quando
observou-se o surgimento de um novo padrao de espessamento cromossomal em células de
glandulas salivares de Drosophila Buskii, fato que representava a transcricdo para sintese de

HSP apos a exposicao celular a temperaturas elevadas (DE MAIO, 2011).

Primeiramente, as HSPs foram descritas pela sua agcdo de chaperona molecular, devido
a capacidade de impedir a agregagao proteica, auxiliando o remodelamento e a manutengao de
proteinas estruturais, auxiliar no transporte de proteinas através da membrana, a degradagao
de proteinas instaveis e o remodelando de proteinas desnaturadas (JOHNSON; FLESHNER,
2006). Contudo, foi verificado que se trata ndo s6 de um mecanismo de defesa celular
complexo e altamente conservado, como também desempenha papel fundamental a
preservacao da sobrevivéncia celular sob condi¢des adversas (GUPTA et al., 2007), situagao
designada como stress response (resposta ao estresse) (MUKHOPADHYAY et al., 2003).
Embora a descoberta das HSPs tenha ocorrido sob condi¢des de choque térmico, outros
estimulos estressores como a obesidade, poluicdo atmosférica e EF podem promover
alteracdes na expressdo destas proteinas (CHUNG et al., 2008; KIDO et al., 2011; MILNE;
NOBLE, 2002).

As HSPs sdo usualmente divididas em duas grandes classes, de acordo com seu peso
molecular: as pequenas, com peso molecular menor que 40 kDa, e as com alto peso
molecular, entre 60 ¢ 100 kDa. Apresentam baixa expressao sob condi¢des basais (HSPs
constitutivas) e sao aumentadas em resposta a fatores estressores (HSPs induziveis). A classe
mais conservada e estudada ao longo dos anos ¢ a de peso molecular de aproximadamente 70

kDa (HSP70) (VELICHKO et al., 2013).

Além da acdo classica de chaperona molecular, a HSP70 apresenta um efeito
intracelular que merece um maior destaque: a inibicdo da ativacdo do fator de transcri¢dao
nuclear NF-kxB (JONES et al., 2011). NF-xB ¢ um fator de transcri¢do originalmente
descoberto em linfocitos-B que sdo essenciais para armar as respostas inflamatorias a uma
variedade de sinais, fung¢do imunoldgica, ativagdo de células endoteliais e controle do

crescimento celular (BARNES; KARIN, 1997). Resumidamente, pode-se considerar que a
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inducdo da expressdo HSP70, aumentando o conteudo intracelular (iHSP70) desta proteina,
pode representar um potencial fator citoprotetor e anti-inflamatorio, por evitar a desnaturagao
de outras proteinas intracelulares, por influenciar na sinalizagdo que desencadeia a apoptose e,
fundamentalmente, por inibir a excessiva ativagdo do NF-kB que pode trazer prejuizos

celulares (HECK et al., 2011).

Em contraste a seu efeito intracelular anti-inflamatorio, a HSP70 quando encontrada
na circulagdo, ou seja, no ambiente extracelular (eHSP70), seus niveis circulantes estdo
correlacionados com prejuizos no balango energético, alteragdo no status pro e anti-
inflamatorio e com o desequilibrio dos sistemas pré e antioxidante do organismo (WALSH et

al., 2001; MILNE; NOBLE, 2002; CAMPISI et al., 2003; WHITHAM; FORTES, 2008).

Por outro lado, a auséncia e/ou inibicdo da expressdo desta protein resulta em
vulnerabilidade da célula ao estresse (RUBIO et al., 2002) podendo gerar apoptose celular
(ADACHI et al., 2009). Um defeito na resposta ao estresse, como geralmente observado em
quadros cronicos de inflamacao, tem sido associado a muitas doencas relacionadas com a
obesidade (DI NASO et al., 2015), como resisténcia a insulina, DM2 e esteatose hepatica nao
alcodlica (NEWSHOLME; HOMEM DE BITTENCOURT, 2014). Resumidamente, a
capacidade de uma célula em detectar corretamente e iniciar uma resposta ¢ fundamental para
sua sobrevivéncia.

Tem sido proposto que, devido a versatilidade da HSP70, em induzir diferentes
respostas relacionadas a inflamag¢do de acordo com sua localizagdo, esta proteina pode
representar um importante marcador para o estado imunoinflamatério durante o exercicio
fisico (KRAUSE et al., 2015) e em muitos tipos de doencas (RODRIGUES-KRAUSE et al.,
2012).

Portanto, niveis ideais desta proteina na circulagdo parecem ser fundamentais na
manuten¢do da homeostase do organismo (HECK et al., 2011). Além disso, o equilibrio na
concentragdo eHSP70 e iHSP70, como ja sugerido em outros estudos (YANG et al., 2008;
MAGALHAES et al., 2010; RODRIGUES-KRAUSE et al., 2012), mensurados pelo calculo
matematico da razdo eHSP72/iHSP70 (HECK, 2011), pode representar um importante
biomarcador do processo satide doencga, assim como servir de referéncia sobre os processos

bioldgicos subclinicos que ocorrem no organismo como a obesidade (KRAUSE et al., 2015).

Assim, neste trabalho, buscaremos avaliar o efeito do EF agudo em condi¢des de risco

a saude: na obesidade e na exposi¢do ao MP,s. Ainda, temos o entendimento de que essas
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condi¢des (obesidade, poluicdo e exercicio fisico) podem ser avaliadas por fatores em
comum: pelas alteracdes metabdlicas, pelo EO e pelo quadro inflamatdrio, este ultimo,

quantificado através da razao eHSP70/iHSP70.

Interessantemente, a expressdo de HSP70 em diferentes células e sua exporta¢do para
a circulagdo ocorre em situacdes de desafio ao organismo nas trés dimensdes em estudo:

obesidade (topico 1.1), exposi¢ao a poluicao (topico 1.2) e exercicio fisico (topico 1.3).
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OBJETIVO GERAL
Avaliar o efeito do exercicio fisico em camundongos obesos expostos ao material

particulado fino quanto a razao intra e extracelular de proteinas de choque térmico e variaveis

de estresse oxidativo do coragdo e do pulmao.

Objetivos Especificos

Avaliar o efeito do exercicio fisico em camundongos obesos expostos ao material
particulado fino na/no(s):

- Perfil biométrico (massa corporal, IMC, Adiposidade Abdominal);

- Perfil Glicémico;

- Concentragao plasmatica de eHSP70;

- Niveis de lipoperoxidacao e atividade das enzimas antioxidantes CAT e SOD do
coragao e pulmao;

- Expressao de iHSP70 no coracgao e no pulmao;

- Razdo eHSP72/iHSP70 (plasma/coragdo e plasma/pulmao).
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Abstract

Challenges to the body as obesity, air pollution and exercise can cause alterations in
the intracellular content of 70 kDa Heat Shock Proteins (iHSP70, anti-inflammatory) and in
the plasmatic content of its inducible form (eHSP72, pro-inflammatory). Besides that,
[eHSP72/iHSP70] ratio can represent an important biomarker of subclinical processes of the
body under challenges. Thus, the present work the effect of acute exercise in obese mice
exposed to fine particulate matter (PM,s) as intra and extracellular ratio of heat shock
proteins and oxidative stress heart and lung variables. Were used 60 B6129SF2 (B6) male
mices, 30 days old, divided in two groups for 16 weeks: standard feed (CTR, n=29) and high
fat diet (HFD, N=31) ad libitum. After 16 weeks, animals were adapted to the swimming (3
days, 10 min, water 30+1°C) and allocated in the followed groups: repose that received saline
via intranasal (CTR, n=6 and HFD, n=8) or PM,s (PM, n=7 and PM+HFD, n=7); acute
exercise of moderate intensity plus saline (MIE, n=10 and HFD+MIE, n=9) or PM;;
(PM+MIE, n=6 and HFD+PM+MIE, n=7). Swimming for 20 min with 4% of load upon
animal weight added to the tail and intranasal instillation of PM; s (50 pg/10 pL). Feed intake,
biometric and glycemic profile, oxidative stress biomarkers, plasmatic concentration of
eHSP72, cardiopulmonary content of iHSP70 and H index were available. Differences in the
1HSP70 of tissues were not found. Therefore, acute exercise of moderate intensity caused low
eHSP72 content in the plasma. Besides that, promoted decreased of H index upon heart and
lung tissues of the CTR+MIE animals and upon lung on the PM+MIE animals. This founding
indicates moderate acute exercise cause anti-inflammatory profile in not obese sedentary

mices, despite PM, 5 exposure, which does not occur in obesity.

Keywords: Exercise. Obesity. Particulate Matter. HSP70.
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Introduction

Obesity 1s a multifactorial disease strongly associated with diverse comorbidities
(Smith and Smith 2016) considerate an important public health problem in different cultures
with increasing prevalence (Ng et al. 2014). Currently nearly 30% of the adult global
population does not reach enough levels of moderate exercise and the sedentary habits
collaborate to the increase of obesity prevalence (Hallal et al. 2012). The metabolic alterations
resulting from low active lifestyle as increasing abdominal adiposity are established as major
risk factors to the type 2 diabetes (T2DM) development (WHO, 2003; Cavalcanti et al. 2009).
Adipose tissue may be consider as central organ in low grade chronic inflammation profile in
T2DM (Hotamisligil 2006). In addition, adiposity has been associated with oxidative stress
(Keaney et al. 2003; Martin-Gallan et al. 2003) presenting in experimental models with high-
fat diet (HFD) treatment that mimicking the development of human obesity (Estadella et al.
2004; Koya and Kanasaki 2011).

Other global health problem is the air pollution exposure by fine particulate matter
(PM;5) (Slovic et al. 2015). PM; 5 is formed from combustion processes, including vehicles,
power plants, fires, burning agricultural and industrial work, and it is able to invade the
respiratory tract and vascular system (Pearson et al. 2010), promoting risk to the population.
Epidemiological and toxicological studies have evidenced the adverse effects of PM,s on
human health, even under exposure to low levels than the recommended by the World Health
Organization (WHO) (Cote et al. 2008). Findings from animal studies demonstrate PM; s
inhalation is able to cause autonomic imbalance and thus pulmonary and cardiac oxidative
stress, which it has been associated with the development of pulmonary inflammation in rats

(Rhoden et al. 2004).

Obesity and exposure to PM;s may have common mechanisms, as redox imbalance
and inflammatory process (Furukawa et al. 2004; Meier et al. 2014). Obesity can turns the
individual more susceptible to the effects of PM, s, as seen by the increasing prevalence of
cardiovascular disease and stroke (Qin et al. 2015). In addition, prolonged exposure to high
PM, s levels is associated with increased risk of developing T2DM (Wang et al. 2014). PM; s
inhalation can also lead to alterations of vasomotor tone, vascular inflammation, adiposity,
atherosclerosis and insulin resistance (Xu et al. 2011). Together, HFD intake and PM; s
exposure may increase body weight, adiposity, fasting glycemic levels and corroborate to

glucose intolerance in mice (Goettems-Fiorin et al. 2016).
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In contrast, to prevent and treat many chronic diseases and its comorbidities regular
practice of moderade intensity exercise (MIE) have been recommended (Eljsvogels and
Thompson 2015). At rest, tissue antioxidant defenses are sufficient to control most of the
oxidative activity, however, during the course of exercise, there is an increase of oxygen
consumption in cells of different tissues, which is directly proportional to oxidative stress
(Banerjee et al. 2003). Besides the well-known benefits of exercise training, acutely
performed physical activity may also trigger positive alterations, demonstrated in single

moderate swimming session in rats (Silveira et al. 2007).

Stressor stimuli such as obesity (Chung et al. 2008), air pollution (Kido et al. 2011)
and exercise (Milne and Noble 2002) may cause alterations in cellular response to stress,
characterized by changes in expression of the 70 kDa heat shock protein (HSP70). It has been
proposed versatility of this protein, once intracellular environment (iHSP70) activates anti-
inflammatory signaling pathways (Jones et al. 2011), while outside cell, especially the
inducible form of 72 kDa (eHSP72) under stress conditions induces the opposite effect (Asea
2008).

The measure of eHSP72 levels in plasma may represent an important biomarker for
imunoinflammatory state during exercise (Krause et al. 2015), T2DM, obesity (Rodrigues-
Krause et al. 2012) and PM, s exposure (Goettems-Fiorin et al. 2016). Chronic exposure in
vivo to PM; s showed to increase the level of eHSP72 (plasma) and may be an important
immune mediator, contributing to diseases such as vascular dysfunction and cardiovascular
events (Kido et al. 2011). Thus, it has been proposed HSP70 can be used as a biomarker for
early assessments of the harmful health effects caused by exposure to air pollution
(Mukhopadhyay et al. 2003). It is known acute and/or chronic exercise modulate the
expression of iHSP70 in several human and animal tissues (Dimauro et al. 2016). In addition,
findings with animal models suggest exercise changes iHSP70 level in heart and lung (Milne
and Noble 2002; Lollo et al. 2013). Acute exercise sessions signal a physiological stress
situation for all system (Heck et al. 2011), which cause a momentary increase in the
expression of HSP72 (Febbraio et al. 2002). However, training tends to decrease this response
(Morton et al. 2009) and then, generates adaptations to stress and consequent lower
expression of HSP72, setting up an anti-inflammatory response. Also, recently investigated,
the eHSP72/iHSP70 ratio works as a biomarker of the subclinical process mediated by
combination of some factor listed above (HFD and PM;s5) (Goettems-Fiorin et al. 2016). In
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this work, we investigated the effects of a single exercise session exposed to PM; 5 in high-fat
diet treated mice on cardiac and pulmonary oxidative stress and iHSP70 analysis and

eHSP72/iHSP70 ratio.
Material and methods
Animals

Sixty male B6129SF2 (B6) mice (30 day-old; 60 animals) from Jackson Laboratory
(Bar Harbor, ME, USA) were reproduced in the Regional University of Northwestern State's
Rio Grande do Sul, Life Sciences Department, Animal Care Facility, and maintained under
controlled temperature (23 £ 1 °C) in a 12/12 h light/dark cycle (lights on at 7 a.m.), housed
in plastic cages (40 x 33 x 17 cm; 3 to 5 animals per cage). Throughout the experiments, the
animals had free access to water and fed ad libitum. The investigation followed all ethical
rules established by Arouca’s Act (Federal Law 11794/2008) and the Guide for Care and Use
of Experimental Animals published by the National Institutes of Health (NIH publication no.
85-23, revised in 1996). All the procedures were approved by the Regional University of
Northwestern State's Rio Grande do Sul Committee of Animal Welfare (CEUA-UNIJUI,
protocol # 011/2013).

Experimental design

At 30 days old the mice were randomly separated in two groups, receiving the
standard diet (CTR, n=29) or high-fat diet (HFD, n=31) for 16 weeks. Animals from CTR
group received pelleted diet consisted of crude protein, mineral material, fibrous matter and
minerals (Nuvilab CR-1, commercially obtained from Nuvital Nutrientes SA.; total
metabolizable energy: 16.6 MJ/kg, being 11.4 % as fats, 62.8% as carbohydrates and 25.8%
as proteins). To the HFD groups, was provided a lard-based diet (37.4% w/w; total
metabolizable energy: 22.8 MJ/kg, being 58.3% as fats, 24.5% as carbohydrates, and 17.2%
as proteins) (Bock et al. 2015; Goettems-Fiorin et al. 2016). Biometric profile (weight, naso-
anal length and BMI) and intraperitoneal Glucose Tolerance Test via intraperitoneal (i.p. —
GTT) were realized in the animals at 30 days-old and at 4t , 8th, 12" and 16™ week in both

groups. Also were measured food and water consumption weekly.

At the end of 16™ week the animals were familiarized to swim exercise. Each mice

swam 10 min in a glass tank filled with 20 cm of water at 30 + 1 °C. After two days of
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familiarization, animals remained 24 h without any manipulation and were randomly
separated again in two groups: animals that received PM,s by intranasal instillation
(50pg/10uL) or saline (vehicle). After PM; s or saline instillation, the animals were submitted
to acute swimming session under moderate intensity or at rest. The details of each group are

described in the table 1.
Moderate Intensity Exercise

Swimming exercise was performed one time (acute exercise). Mice performed
moderate exercise intensity (MIE) by adding load coupled to the base of the tail with adhesive
tape (4% of the animal body weight), in 20 cm deep water at 30 + 1°C for 20 min. Animals
from control group remained by the same 20 min in shallow water (2 £ 1 cm deep) at the
same temperature. After exercise session, was collected blood from the distal part of the tail

(~25 pL) to measure lactate by specific strips and lactimeter (Accutrend® Lactate, Roche).
Atmospheric pollution — Fine Particulate Matter (PM; 5)

The pollutant used in the experiment was PM,;s collected in polycarbonate filter
through a gravimetric collector, on the terrace of the Faculty of Medicine, University of Sao
Paulo (USP) in Sao Paulo, Brazil, as previously described (Maatz et al. 2009). The exposure
site was located close to a monitoring station of the State of S3o Paulo Sanitation Agency. It
is estimated that at least 100,000 vehicles circulate daily on the main and lateral street (~83%
cars, ~10% diesel vehicles, ~6% motorcycles). There are no industries or significant biomass
sources in the surrounding area. Trace element determinations of PM content were carried out
by neutron activation analysis and their concentration were expressed by ng per m® of air, as
follows: As, 12.91+0.53; Br, 8.88+0.39; Cl, 8.88+0.39; Co, 1.14+0.04; Fe, 1.15+0.03; La,
2.33+0.29; Mn, 27.5+2.2; Sb, 8.73+0.08; Sc, 0.141+0009; Th 0.351+0.050. Likewise, PM
sulfur concentration, determined by X-ray fluorescence analysis, was 1.424+0.08 pm/m’.
Briefly, after exposure (24 h), the filter was removed and retained particles were obtained by
sonication, with ultrasound bath in seven sessions (50 min each) and resuspended in saline
solution at a dose of 50 pg/10 pL. The process of nasotropic instillation was performed once
before exercise session with an automatic pipette, with 10 puL of solution in the nostril of the
animal. This procedure induces apnea reflex promoting the inhalation of the pollutant. Control

groups received 10 pL of saline solution.
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Biometric profile

Biometric profile was evaluated before (30 days-old), at 4™, 8" 12" and 16™ week.
Body mass (g) by semi-analytical balance (Marte®) and naso-anal length (cm) by scale were
measured. These data were used to calculate the body mass index (BMI): animal body mass
(g) divided by squared of body length (cm?) (Novelli et al. 2007). Adiposity was evaluated
upon white adipose tissue (WAT) from epididymis. WAT was collected and weighted by

analytical balance.
Glucose Tolerance Test (GTT)

The glucose tolerance test was performed before the experiment in the 4%, 8", 12"
16™ weeks of intervention in all animals. Food was withdrawn in the night before experiments
(12 h before). Glycemia was measured as described above immediately before and at 30 and
120 min after glucose (1 g/kg in saline solution, i.p.) administration. The glycemic response

during GTT was evaluated by the AUC method (USA-FAO, 1997).
Sample processing

Finished exercise session or rest, the animals were killed by decapitation to collect
blood, heart and lung. Plasma was obtained by centrifugation (blood with EDTA; 3000 rpm
during 10 min) and stored at - 20°C. Heart and lung were collected, washed in saline, freeze-
clamped in liquid nitrogen and stored for further homogenization. Tissue samples were
homogenized in two different buffers. In order to measure oxidative stress variables (lipid
peroxidation, and SOD and CAT activities) the samples were homogenized in potassium
phosphate buffer pH 7.4, and to determine HSP70 concentration by Western blot the samples
were homogenized in SDS 0.1% buffer (w/v). All tissues were homogenized (still frozen) in

respective buffers, containing PMSF (Phenyl-Methyl-Sulfonyl Fluoride, 100 pM).
Protein quantitation

Protein quantitation in the tissues was measured by Bradford (1976)

spectrophotometric method upon 595 nm, and was used bovine serum albumin as standard.

Oxidative stress biomarkers
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Lipid peroxidation was measured by TBARS method (Buege and Aust 1978), which
the homogenates were precipitated with trichloroacetic acid (TCA) 10% (w/v), centrifuged
and incubated during 15 min at 100 °C with thiobarbituric acid (TBA). Next, absorbances

were verified by spectrophotometer at 535 nm.

Catalase and Superoxide Dismutase Activities

Enzymatic activity of SOD was proceded by inhibition of pyrogallol auto oxidation
and measured by spectrophotometric at 420 nm (Marklund and Marklund 1974). Data were
expressed as Units of SOD per mg of protein. Enzymatic activity of CAT was determined by
by the decomposition of hydrogen peroxide at 25 °C and 240 nm (Aebi 1984). Data were

expressed as pmol of CAT per mg of protein.

SDS-PAGE and immunoblot analysis of iHSP70

In order to examine HSP70 content in the heart and lung, the samples were processed
for sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) (Laemmli
1970). Equivalent amount of protein from each tissue sample (~40 pg) and equivalent volume
from each plasma sample (10 uL) were mixed with Laemmli’s gel loading buffer [SO0 mM
Tris (10% w/v), SDS (10% v/v), glycerol (10% v/v), 2-mercaptoethanol and 2 mg/ml
bromphenol blue] in a ratio of 1:1, boiled for 5 min and electrophoresed in a 10%
polyacrylamide minigel for 4 h at 15 mA/gel. Proteins were transferred onto nitrocellulose
membranes (GE HealthCare) according to the electrotransfer (Bio-Rad) manufacturer’s
instructions (1 h, 100 V) and transferred bands were visualized with 0.3% (w/v) Red Ponceau
S (Sigma) in 3% (w/v) trichloroacetic acid solution. For immunoblotting procedures the
membranes were washed in wash buffer [TBS-Tween 20 solution (0.1% w/v)] and blocked in
1% (w/v) nonfat dry milk in wash buffer. Next, membranes were incubated overnight (at 2 — 8
°C) in mouse anti-HSP70 monoclonal antibody (Sigma H5147) which recognizes both the
HSP73 (HSPAS gene) and the HSP72 (HSPA1A/HSPAI1B genes) forms, at 1:100 dilution.
Membranes were washed and incubated for lh (at room temperature) in horseradish
peroxidase (HRP) antibody, labelled anti-mouse IgG (whole molecule) secondary antibody
(Sigma A9044), at 1:15000 dilution. Membranes were washed and the HSP70 detection was
performed by enhanced chemiluminescence method (ECL Plus RPN2132, GE). Protein bands
were revealed upon film (Amersham Hyperfilm ECL, GE Health Care), photodocumented

and quantified by Image] software (http://imagej.nih.gov/). Tissues actin detection were
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performed by Coomassie Blue-stained gel [Coomassie Blue R 250 (0.1% w/v), glacial acetic
acid (10% v/v) and methanol (40% (v/v)], photodocumented and quantified by Image]

software for normalization.
Plasmatic eHSP72 concentration

Plasmatic eHSP72 concentration was determined by high sensitive kit (HSP70 ELISA
Kit, ENZO Life Sciences, EKS-715) and the data was expressed as ng of eHSP70 per mL of
plasma (ng/mL).

H-index calculation — Extra/intracellular ratio of HSP70

It can be considerate that eHSP72 release to the extracellular milieu characterize a pro-
inflammatory state, while intracellular expression of iHSP70 represents a greater anti-
inflammatory role. In this context, was established the eHSP72/iHSP70 ratio, or H-index,
considerating [eHSP72/iHSP70] at basal state as 1:1=1 (CTR group) as a normal condition, as
proposed by (Heck 2011) and Krause et al. (2015). The H- Index represents immune-
inflammatory balance in situations as exercise (Heck, 2011), as well as in experimental model
of HFD intake and PM,s exposure (Goettems-Fiorin et al. 2016). Thus, H-index was
calculated from measure plasma/heart and plasma/lung ratios of HSP70 [eHSP72/iHSP70].

Data were expressed as arbitrary units.
Statistical Analysis

Kolmogorov-Smirnov normality test was applied before all analysis. Student 7 test was
used to compare diet effects (HFD vs standard diet). One-way analysis of variance (ANOVA)
followed by post-hoc Tukey’s test were performed to compare the groups upon oxidative
stress variables. Significance level was set at P < 0.05. Data were analyzed using Graph Pad

Prism 5.0 software. Values are presented as mean + standard deviation.
Results

Animals submitted to HFD, when compared to CTR mice, consumed less amount of
feed per week (figure 1A) and lower energy content (kcal) in 13 of the 16 weeks during this
study (figure 1B). Even so, from the 4™ and 8™ weeks of experiment they demonstrated higher

body mass (figure 2A) and BMI (figure 2B) than animals fed with standard chow
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respectively. As expected, high-fat diet intake promoted increase in adiposity (figure 2C) and
glycemia (figure 2D), and worsed glucose tolerance test response since the 4™ week of
treatment (figure 3F). Animals of HFD group presented higher glycemia than CTR mice
(CTR =150 £+ 24 mg/dL; HFD = 173 + 30 mg/dL; P = 0.02). These data allow us to observe
the effects of the acute exercise and PM,s combination in normal and

obesogenic/diabetogenic mice.

Moderate intensity was confirmed by blood lactate concentration measurement (HFD
=5.5+1.1; MIE = 4.3 + 0.5; HFD+MIE = 5.5 = 0.9 mmol/L; PM+MIE = 5.0 + 0.9). The
animals from standard diet treatment (MIE and PM+MIE) performed completely the exercise
session (20 min) without effect of PM, s exposure and presented higher lipid peroxidation
levels in lung (figure 4A). In other hand, high-fat diet treated animals presented lower
capacity of exercise (HFD+MIE = 13.4 + 4.6 min.; HFD+PM+MIE = 12.1 4+ 7.0 min; P<0.05)
and the same lipid peroxidation levels in lung (Figure 4A), both when compared to the CTR

group animals.

MIE and PM;s exposure triggered increase of the SOD activity in lung (both
compared to CTR). However, animals submitted to PM; s exposure and exercise combination
presented lower SOD activity than animals only submitted to the of PM; s exposure (figure

4B). It was not found changes in the CAT activity in lung (figure 4C).

Animals from HFD and HFD+MIE groups demonstrated lower lipid peroxidation
levels in heart than CTR and CTR+MIE groups, respectively (figure 5A). There was no
changes in the enzymatic activity of SOD (figure 5B), but was observed higher activity of
CAT in the animals from HFD and HFD+MIE groups when compared to animals from CTR
and CTR+MIE groups in heart, respectively (figure 5C).

Exercise, high-fat diet intake, PM, 5 exposure, or the combination of the groups, not
caused alteration of the iHSP70 concentration in the heart (figure 6A) and lung (figure 6B).
On the other hand, it has observed lower eHSP72 concentration in plasma of the animals
submitted to MIE and PM; s exposure when compared to CTR animals (figure 6C). Exercise
caused lower H-index levels in the plasma/heart ratio (figure 7A) and plasma/lung ratio
(figure 7B), and animals submitted to both exercise and PM; s exposure decreased H-index
level only in the lung (figure 7B). Decreasing H-index was observed as effect of MIE only in

standard diet-treated mice and no H-index alteration in high-fat diet treated mice.



51

Discussion

Our study shows a single exercise session under moderate intensity is able to reduce
eHSP72 concentration in plasma and trigger a protection effect upon cardiopulmonary pro-
and anti-inflammatory state in mice, evaluated by H-index ([eHSP72/iHSP70] ratio), even
when exposed to PM,s. These effects have not observed in animals under
obesogenic/diabetogenic process induced by high-fat diet intake. Some protocol

considerations and implications of this effect are discussed below.

Animals fed with high-fat diet presented lower feed intake in grams (g) and
kilocalories (kcal), when compared to animals fed with standard diet. However, high-fat diet
intake triggered increase of body weight and BMI in the mice, suggesting animals from HFD
group developed higher efficiency in converting minor amounts of calories in body mass (g).
Studies have differed if the increase in energy consumption is necessary to induces obesity in
mice (Ziotopoulou et al. 2000; Collins et al. 2004; Alexander et al. 2006), but as described by
Townsend et al. (2008) the increase of energy intake may not be required for increasing
adiposity due to high-fat diet intake. The type of fat used in the high-fat diet preparations may
contribute to adiposity development, regardless the amount of caloric intake, once saturated
fats, as used in this study (lard), are recommended for obesity animal models with several
metabolic changes in rodents (Buettner et al. 2006). In this way, animals from HFD groups
presented higher adipose tissue weight (~3.5 fold) when compared to CTR group. These
findings suggest energy storage on white adipose tissue are regulated as a response to factors
directly related to the fat amount on the diet, and not directly related with the amount of

energy consumed in kcal (Hariri and Thibault 2010).

Intervention with high-fat diet (over 40%) is an appropriate model for studies upon
obesity, glucose intolerance, insulin resistance and T2DM. However, there is no agreement
about which mice strain is more susceptible to the metabolic damage caused by high-fat diet
(Surwit et al. 1995). Recently, metabolic differences have been suggested between mice
strains C57BL/6J and B6.129SF2/J in response to high-fat diet intake. It was suggested that
B6 mice used in our study should be more resistant to the effects of high-fat diet due to
decreased intestinal absorption of lipids, which would characterize the strain as less
susceptible to the effects of high-fat diet (Bock et al. 2015). In the study of Bock et al (2015)
lower responsiveness to GTT and alterations in fasting glucose were observed after 4 weeks

of high-fat diet intake in adult animals. The authors also observed alterations in the fasting
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glucose in this same strain, but didn’t find differences in the GTT after 28 weeks. These
metabolic responses alterations may have been caused by methodological variation among
studies. In contrast to the research cited above, our study exposes the animals after weaning
(four weeks old). Corroborating with King et al. (2014), our data shows that the effects of
high-fat diet after weaning result pronounced adiposity and metabolic disorders than animals
exposed to high-fat diet intake only on adult period. Notwithstanding, the high-fat diet treated
mice in our study presented different oxidative and HSPs responses to exercise and PM; s
exposure. Thus, the high-fat diet used in our study is a suitable model to induce obesity in

B6129SF?2 mice.

Besides the obesity (increased BMI, body mass and adipose tissue) the model in study
allows pathophysiological investigation of alterations resulting due obesity in the
development of a chronic state of low-grade inflammation and thereafter an anti-inflammatory
response alteration diabetes’ characteristic (Rummel et al. 2016), resulting in consequences to
the respiratory (Cho and Shore 2016) and cardiovascular systems (Homem de Bittencourt et
al. 2007). Those alterations may compromise the response of mice to exercise (Rosa et al.

2011).

Constantly used in human or animal studies, blood lactate concentration reflects the
effort intensity made in response to an exercise session (Ferreira et al. 2007; Goodwin et al.
2007). In our study, that measure after swimming protocol confirmed the moderate exercise
condition in the groups. Swimming exercise model has advantages over the treadmill running,
since swimming is a natural ability of the animal. However, in opposite to running protocols,
findings related to swimming intensity performed in mice are still limited (Gobatto et al.
2001). Ferreira et al. (2007) showed that the maximum blood lactate concentration
stabilization occurs at 3.0 mmol/L in mice at ~15 m/min in treadmill, corresponding to 60%
of the maximum speed of a running test. Gobatto et al. (2009) reported that the equivalent to
metabolic transition of swimming exercise on mice occurs at a 4.6% loading of body mass
and at 5.78 = 0.29 mmol/L of blood lactate. In our study, animals which performed swimming
exercise under 4% load showed blood lactate concentration at 4.3 + 0.5 (MIE) and 5.5 + 0.9
mmol/L (HFD + PM + MIE). Although not statistically different, the values closer to 5.5
mmol/L demonstrated by animals fed with high-fat diet may be related to early fatigue of
these animals, which failed to perform 20 minutes of swimming (HFD+MIE e

HFD+PM+MIE). Furthermore, similar results of blood lactate (cited above) and time of
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exercise were found by Gobatto et al. (2009), but with ordinary mice. Authors suggest that
sedentary mice do not support loads higher than 5% of its body mass for 25 min. Our animals
were submitted to 4% load and the adverse effect of high-fat diet in the exercise performance
was evident in our study. The fatigable effect may be related with high levels of eHSP72 in
plasma during exercise, and represents a neuroimmunomodulatin signaling that may causes
fatigue sensation (Heck et al. 2011). Thus, considering obesity as a factor that triggers low
grade chronic inflammation, eHSP72 levels increasing (Rodrigues-Krause et al. 2012) and
unbalance in the eHSP72/iHSP70 ratio (Krause et al. 2015), the fatigue showed by HFD
groups submitted to the exercise may be related to blunted anti-inflammatory response and

development of early fatigue state.

Aerobic exercise is able to increase free radicals production that may result in
oxidative stress in many tissues (Davies et al. 1982). However, most studies related to
oxidative stress and acute exercise are applied using maximum and submaximal effort
protocols (Fisher-Wellman and Bloomer 2009). Prior findings report that exercise increases
lipid peroxidation in the lung, suggesting that this condition induces oxidative stress in this
tissue. Prigol et al. (2009) evaluated oxidative damage lh after swimming exercise and
observed that the acute exercise (20 min) caused increase of lipid peroxidation in the lung of
mice. Exposure condition to urban PM; s during 20 min of moderate swimming exercise in
rats is enough to induce a modest increase in lipid peroxidation levels in the lung and heart
(Heck et al., 2014). Only with more time of exercise (60 min, according to Heck et al., 2014)
or a higher dose of particles (500 pg) (Heck et al. 2014) it is possible to observe lung and
heart lipid peroxidation oxidative damage by acutely air pollution and exercise combination.
Our data (50pg of PM, s intranasally) represents one day in urban environment with levels
within preconized limits of air pollution. Thus, our data corroborates with other studies, once
increasing oxidative damage levels immediately after swimming session seems to be

dependent of the time of exercise and exposure level of air pollution.

Increasing in SOD activity in the lung of animals from MIE and PM groups suggests
similar responses of this enzyme in exercise and polluted air conditions. However, SOD
activity attenuated lung oxidative damage under pollutant exposure. It suggests that a higher
SOD enzymatic activity may be effective against lung oxidative stress (Ghio et al. 2002).
Unlike the pulmonary tissue, we did not find increasing of lipid peroxidation in the heart

tissue. These results indicate specific responses of tissues to exercise, as previously described
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about PM, s exposure (Damiani and Piva 2012). Furthermore, the intensity of exercise was
not enough to trigger oxidative damage in the heart of mice (Gao et al. 2014). It was observed
a lower level of oxidative damage in the heart of the animals from HFD and HFD+MIE
groups, regardless of rest or exercise conditions. This finding can be explained due higher
CAT activity, generating defensive effect against lipid peroxidation in the heart and

suggesting an important antioxidant response in this tissue under high-fat diet intake.

Under challenges to the homeostasis, cells from different tissues increase iHSP70
expression (cellular stress response) and also export this protein to circulation (Febbraio et al.
2002; Noble et al. 2008). High plasmatic levels of eHSP72 are correlated to energetic balance
impairment, alteration on pro-/anti-inflammatory status and redox state balance (Walsh et al.
2001; Milne and Noble 2002; Campisi et al. 2003; Whitham and Fortes 2008). On the other
hand, absence or inhibition of HSP70 expression demonstrated cell vulnerability to the stress

(Rubio et al. 2002) and may generate apoptosis (Adachi et al. 2009).

Regardless the conditions evaluated in this study as obesity, air pollution and exercise,
we did not find alterations in the expression of iHSP70 in the lung and heart. We expected a
lower intracellular expression of this protein in the animals chronically exposed to the high-fat
diet intake, since obesity is capable of causing a decrease in the iHSP70 levels is muscle
(Chung et al. 2008), liver and adipose tissue (Di Naso et al. 2015). This decrease has relation
to glucose intolerance (Krause et al. 2015) and insulin resistance in obese (Henstridge et al.
2010). However, heart and lung did not show iHSP70 content alterations by high-fat diet
intake. Defect in response to stress, as commonly observed in chronic cases of inflammation,
has been associated to many obesity-related diseases (Di Naso et al. 2015), as insulin
resistance, T2DM and non alcoholic hepatic steatosis (Newsholme and Homem de Bittencourt
2014). Briefly, the ability of a cell to properly detect and initiate a response is essential for its

survival.

Due to the versatility of HSP70 to induce different responses related to inflammation
according to its location, it’s proposed that this protein may represent an important marker for
immunoinflammatory state during exercise (Krause et al. 2015). Therefore, ideal levels of this
protein in the circulation appear to be fundamental in the maintenance of homeostasis (Heck
et al. 2011). In addition, [eHSP72/iHSP70] ratio balance measured by mathematical
calculation H-index, as suggested by Heck (2011) and reported in other studies (Yang et al.
2008; Magalhaes et al. 2010; Rodrigues-Krause et al. 2012), may represent an important
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biomarker of health/disease process, as well as serve as references on subclinical biological
processes that occur in the body (Heck, 2011). Our study shows that the performance of acute
moderate-intensity exercise generates a lower concentration of eHSP72 in the plasma of mice.
In addition, it confirms the effect of exercise on reducing H-index in the heart and lung of the
animals of CTR+MIE group (0.37 and 0.34 versus 1.00) and only lung of the animals from
PM-+MIE group (0.39 versus 1.00), suggesting a beneficial effect of the exercise on the status
pro-and anti-inflammatory, on behalf of the second, indicating an anti-inflammatory response

in these animals (Keller et al. 2004; Heck 2011; Krause et al. 2015).

The anti-inflammatory response to acute exercise is attributed to increased circulating
levels of known anti-inflammatory cytokines as IL-6 (Petersen and Pedersen 2005), and it
generates increasing on IL-1Ra, sTNF-R and IL-10 (Ostrowski et al. 1999; Ostrowski et al.
2000; Steensberg et al. 2003). Acutely in humans, exercise is able to measure the
inflammatory response by IL-6 release, which is produced and released from the muscle
contraction (Starkie et al. 2003). In animals, acute exercise is also able to normalize the
excessive expression of pro-inflammatory cytokines (TNF-a) (Keller et al. 2004). Moderate
exercise generates a 20 time increasing in plasma concentration of IL-6, demonstrating this
intensity exerts important effect on the expression of this anti-inflammatory cytokine (Fischer
et al. 2004). This response does not occur at the same manner under obesity, once obese may
respond to exercise with an overly pro-inflammatory profile (e.g. increased levels of TNF-a
and IL-2) (Rosa et al. 2011). Thus, according to our data, we suggest the performance of acute
moderate-intensity exercise produces an anti-inflammatory process in sedentary mice, even
exposed to PM,s, which does not occur in obesity. This response has confirmed

unprecedented way by cardiopulmonary H-index calculation.

Conclusion

Our study provides evidences based on HSP70 status and oxidative stress parameters
about benefits of acute exercise of moderate intensity on cardiopulmonary system, even
exposed to PM;s. Further, our data indicates that the benefits of a single session of acute

exercise at moderate intensity may not occur in obesity.
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Table 1. Experimental Groups

Groups Diet Instillation Physical Exercise
CTR; n=6 Standard 10uL Physiological Solution  Rest

CTR+MIE; n=10 Standard 10uL Physiological Solution 20 min. Swimming
PM; n=7 Standard 10uL PM (50ug/10uL) Rest

PM+MIE; n=6 Standard 10uL PM (50ug/10uL) 20 min. Swimming
HFD; n=8 HFD 10uL Physiological Solution — Rest

HFD+MIE; n=9 HFD 10uL Physiological Solution 20 min. Swimming
HFD+PM; n=7 HFD 10uLl PM (50ug/10uL) Rest
HFD+PM+MIE; n=7 HFD 10uL PM (50ug/10uL) 20 min. Swimming
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Subtitles

Figure | Feed intake by high-fat diet-treated mice for 16 weeks. CTR = Standard Chow (n = 29). HFD = High-
fat Diet (n = 31). (A) Intake in grams (g) and (B) intake in kilocalories (kcal). Data expressed as mean + standard

deviation. *P = 0.04 compared to the control. Two-way ANOVA followed by post-hoc Tukey’s test.

Figure 2 Body mass, body mass index, adiposity, and fasting blood glucose of high-fat diet-treated mice for 16
weeks. CTR = standard diet (n = 29). HFD = high-fat diet (n = 31). (A) Body mass in grams (g), (B) Body Mass
Index, (C) Epididymal White Adipose Tissue Weight, and (D) Fasting Glucose. Data expressed as mean +
standard deviation. *P = 0.02 compared to the CTR. Two-way ANOVA followed by post-hoc Tukey’s test in A,
B and D. *P = 0.01 compared to CTR. Student ¢ test in C.

Figura 3 Glucose Tolerance Test response in high-fat diet-treated mice for 16 weeks. CTR = standard diet (n =
29). HFD = high-fat diet (n = 31). GTT performed upon administration (i.p.) of glucose (1 g/kg) before high-fat
diet intake (4) and every 4™ (B), 8" (C), 12™ (D) and 16™ (E) week. Glucose intolerance has based from AUC
calculation after 16 weeks of treatment (F). Data expressed as mean + standard deviation. *P = 0.01; and **P =

0.01, both compared to CTR. Two-way ANOVA followed by post-hoc Tukey’s test.

Figura 4 Lipid peroxidation and activity of antioxidant enzymes of the mice lung after treatment. CTR =
standard diet; PM = instillation of 50pg/10uL of PM, ;s suspension intranasally; HFD = high-fat diet for 16
weeks; HFD+PM = high-fat diet and PM, 5 instillation. RES = Animals maintained at rest for 20 min in shallow
water (30+1°C). MIE = Animals submitted to acute moderate exercise (4% of load, water at 30+1°C). (A) Lipid
peroxidation evaluated by TBARS. *P < 0.05 compared to HFD+MIE. #P < 0.05 compared to HFD+PM+MIE;
(B) Enzymatic activity of SOD. *P < 0.05 compared to CTR. #P<0.05 compared to PM and (C) enzymatic
activity of CAT (P = 0.355). Data expressed as mean + standard deviation, n = 5 — 9 per group. One-way
ANOVA followed by post-hoc Tukey’s test.

Figura 5 Lipid peroxidation and activity of antioxidant enzymes of the mice heart after treatment. CTR =
standard diet; PM = instillation of 50ug/10uL of PM, 5 suspension intranasally; HFD = high-fat diet for 16
weeks; HFD+PM = high-fat diet and PM, 5 instillation. RES = Animals maintained at rest for 20 min in shallow
water (30£1°C). MIE = Animals submitted to acute moderate exercise (4% of load, water at 30+£1°C). (A) Lipid
peroxidation evaluated by TBARS. *P < 0.05 compared to CTR. #P < 0.05 compared to CTR+MIE; (B)
Enzymatic activity of SOD (P = 0.946) and (C) enzymatic activity of CAT. *P<0,05 compared to CTR. # P <
0.05 compared to CTR+MIE. Data expressed as mean + standard deviation, n = 5 — 9 per group. One-way

ANOVA followed by post-hoc Tukey’s test.

Figura 6 HSP70 concentration in the heart and lung and eHSP72 plasmatic content of mice after treatment. CTR
= standard diet; PM = instillation of 50ug/10uL of PM, s suspension intranasally; HFD = high-fat diet for 16
weeks; HFD+PM = high-fat diet and PM, 5 instillation. RES = Animals maintained at rest for 20 min in shallow
water (30+1°C). MIE = Animals submitted to acute moderate exercise (4% of load, water at 30+1°C). iHSP70
content in the (A) heart (P = 0.721) and (B) lung (P = 0.115). (C) Plasmatic concentration of eHSP72. *P < 0.05
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compared to CTR. Data expressed as mean + standard deviation, n = 4 — 6 per group. One-way ANOVA
followed by post-hoc Tukey’s test.

Figura 7 eHSP72/iHSP70 ratio upon plasmatic vs heart, and plasmatic vs lung of mice after treatment. CTR =
standard diet; PM = instillation of 50ug/10uL of PM, s suspension intranasally; HFD = high-fat diet for 16
weeks; HFD+PM = high-fat diet and PM, 5 instillation. RES = Animals maintained at rest for 20 min in shallow
water (30£1°C). MIE = Animals submitted to acute moderate exercise (4% of load, water at 30+1°C). (A)
eHSP72/iHSP70 ratio of the heart, *P < 0.05 compared to CTR. (B) eHSP72/iHSP70 ratio of the lung, *P < 0.05
compared to CTR. Data expressed as mean + standard deviation, n = 4 — 6 per group. One-way ANOVA
followed by post-hoc Tukey’s test.
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Specific remarks on Abstract
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Major results should be presented quantitatively where appropriate, and changes reported
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b to ¢ £ d min" and not "endurance time increased (P < 0.01)"). The conclusion should
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also not contain any figures or tables. Footnotes to the text are numbered consecutively; those
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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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of the results.
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Halftones should have a minimum resolution of 300 dpi.
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Figure Captions

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

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

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

Identify all elements found in the figure in the figure caption; and use boxes, circles,
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Identify previously published material by giving the original source in the form of a
reference citation at the end of the figure caption.

Figure Placement and Size
Figures should be submitted separately from the text, if possible.
When preparing your figures, size figures to fit in the column width.

For most journals the figures should be 39 mm, 84 mm, 129 mm, or 174 mm wide and
not higher than 234 mm.
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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
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All figures have descriptive captions (blind users could then use a textto speech
software or a textto Braille hardware)

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

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

ELECTRONIC SUPPLEMENTARY MATERIAL

Springer accepts electronic multimedia files (animations, movies, audio, etc.) and
other supplementary files to be published online along with an article or a book chapter. This
feature can add dimension to the author's article, as certain information cannot be printed or is
more convenient in electronic form.

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 email address of the corresponding author.
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Audio, Video, and Animations
Aspect ratio: 16:9 or 4:3
Maximum file size: 25 GB

Minimum video duration: 1 sec
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Spreadsheets
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Specialized Formats

Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica
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Collecting Multiple Files
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Numbering
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animation (Online Resource 3)", “... additional data are given in Online Resource 4”.
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For each supplementary material, please supply a concise caption describing the
content of the file.

Processing of supplementary files

Electronic supplementary material will be published as received from the author
without any conversion, editing, or reformatting.

Accessibility

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

The manuscript contains a descriptive caption for each supplementary material

Video files do not contain anything that flashes more than three times per second (so
that users prone to seizures caused by such effects are not put at risk)

DOES SPRINGER PROVIDE ENGLISH LANGUAGE SUPPORT?

Manuscripts that are accepted for publication will be checked by our copyeditors for
spelling and formal style. This may not be sufficient if English is not your native language
and substantial editing would be required. In that case, you may want to have your manuscript
edited by a native speaker prior to submission. A clear and concise language will help editors
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review process.

The following editing service provides language editing for scientific articles in all
areas Springer publishes in:

Edanz English editing for scientists

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

Please contact the editing service directly to make arrangements for editing and
payment.

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 can be
achieved by following the rules of good scientific practice, which include:
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The manuscript has not been published previously (partly or in full), unless the new
work concerns an expansion of previous work (please provide transparency on the reuse of
material to avoid the hint of textrecycling (“selfplagiarism™)).
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(“plagiarism™). Proper acknowledgements to other works must be given (this includes
material that is closely copied (near verbatim), summarized and/or paraphrased), quotation
marks are used for verbatim copying of material, and permissions are secured for material that
is copyrighted.
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is a serious matter and may be considered when justifiably warranted.
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only after receipt of written approval from all authors and a convincing, detailed explanation
about the role/deletion of the new/deleted author. In case of changes at revision stage, a letter
must accompany the revised manuscript. In case of changes after acceptance or publication,
the request and documentation must be sent via the Publisher to the EditorinChief.

In all cases, further documentation may be required to support your request. The
decision on accepting the change rests with the EditorinChief of the journal and may be
turned down. Therefore authors are strongly advised to ensure the correct author group,
corresponding author, and order of authors at submission.

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

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

If the article has already been published online, depending on the nature and severity
of the infraction, either an erratum will be placed with the article or in severe cases complete
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COMPLIANCE WITH ETHICAL STANDARDS

To ensure objectivity and transparency in research and to ensure that accepted
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information regarding sources of funding, potential conflicts of interest (financial or
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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:
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RESEARCH INVOLVING HUMAN PARTICIPANTS AND/OR ANIMALS

1) Statement of human rights

When reporting studies that involve human participants, authors should include a
statement that the studies have been approved by the appropriate institutional and/or national
research ethics committee and have been performed in accordance with the ethical standards
as laid down in the 1964 Declaration of Helsinki and its later amendments or comparable

ethical standards.

If doubt exists whether the research was conducted in accordance with the 1964
Helsinki

Declaration or comparable standards, the authors must explain the reasons for their
approach, and demonstrate that the independent ethics committee or institutional review board
explicitly approved the doubtful aspects of the study.

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

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

For retrospective studies, please add the following sentence:

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

2) Statement on the welfare of animals

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

which the studies were conducted (where such a committee exists).

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

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

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

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

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

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

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

INFORMED CONSENT

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

The following statement should be included:

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

If identifying information about participants is available in the article, the following
statement should be included:

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

AFTER ACCEPTANCE

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

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

Open Choice

In addition to the normal publication process (whereby an article is submitted to the
journal and access to that article is granted to customers who have purchased a subscription),

Springer provides an alternative publishing option: Springer Open Choice. A Springer
Open Choice article receives all the benefits of a regular subscription based article, but in
addition is made available publicly through Creative Commons Attribution Non Commercial
4.0 International License.

Copyright transfer

Authors will be asked to transfer copyright of the article to the Publisher (or grant the
Publisher exclusive publication and dissemination rights). This will ensure the widest possible
protection and dissemination of information under copyright laws.

Open Choice articles do not require transfer of copyright as the copyright remains with
the author. In opting for open access, the author(s) agree to publish the article under the
Creative

Commons Attribution License.

Creative Commons Attribution Non Commercial 4.0 International License

Offprints

Offprints can be ordered by the corresponding author.

Color illustrations

Online publication of color illustrations is free of charge. For color in the print version,
authors will be expected to make a contribution towards the extra costs.

Proof reading

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

Editor.

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

Online First
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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.



2. Parecer da Comisséio de Etica no Uso de Animais (CEUA)

Comissio de Etica no Uso de Animais da UNIJUI
CEUA/UNIJUI

PARECER CONSUBSTANCIADO N°. 011/2013
Pro isa n2. 009/20 3

Projeto: "HSP70 COMO BIOMARCADOR DO “PONTO CRITICO" DA REALIZAGAO DE
EXERCICIO FiSICO EXPOSTO A POLUICAD ATMOSFERICA NO DIABETES”

Finalidade: Pesquisa.
Duragdo: Inicio: 06/01/2014- Término: 30/12/2015.
Pesguisador Responsdvel: Prof, Thiago Gomes Heck

Equipe; Claudia Ramas Rhoden, , Paulo lvo Homem de Bittencourt Mira Stela Ludwig,
Bethénia Salamoni, Pauline Brendler Goettems, Fernanda Giesel Baldissera, Maicon
Machado Sulzbacher, Analu Bender dos Santos, Eloisa Gabriela de Pelegrin Basso,
Renan Daniel Bueno Basso e Iberé Kostrycki Machado.

Area do conhecimento: Ciénclas da Saide

Lronograma de utilizacdo de Animals:
Data: 06 de laneiro de 2014

Espécie: Mus musculus - B61295F2/1 (BG)

Sexo: Machos

Quantidade: 96 animais

Periodo da Manutencio do(s) Animails): 24 semanas
Data: 04 de Agosto de 2014

Espécie: Mus musculus - B61295F2/) (B}

Sexo: Machos

Quantidade: 96 animais

Periode da Manutengio dols) Animails): 24 semanas

Avaliagio do Protocolo de Pesquisa, segundo orientapbes da Lei N® 11.754 de
outubro de 2008.

isadores ac de Etica ne Uso de Animais UNIIUI,
em ﬂﬂﬂl“& o projeto de pesguisa gera:ln pein SIE, de acordo com as exigéncias de
doct la para sub de proj

¢do0 da doc ¢d0 necessaria

Aap todas as rec dagoes
do parecer consubstanciada n® 010/2013 da CEUAJUNLUL

PARECER DO COMITE

Assim, mediante a importincia social e cientifica que o projeto apresenta a sua
aplicabilidade e conformidade com os requisitos éticos, somos de parecer favordvel a
realizagio do projeto classificando-o como APROVADO, pois 0 mesmo atende aos
Requisitos Fundamentais das Normas de Conduta para a Utilizacdo de Animais no
Ensino, Pesquisa e Extensdo da UNLUI, assim como as responsabilidades do pessoal
envolvido ne uso de animais da Resolugdo Normativa N?1 do CONCEA, de 09 de julho
de 2010, descreve no seu artigo 92 Aos pesquisadores, docentes e respansdvels
téenicos por atividades experimentais, pedagdgicas ou de crisgio de animais compete:

| —assegurar o cumprimento das normas de criagio e uso ético de animals;

Il — submeter a CEUA proposta de atividade, especificando os protocolos a
serem adotados;

Il = apresentar a CEUA, antes do inicio de qualquer atividade, as informagfec e
a respectiva documentacio, na forma e conteiido definidos nas Resolugfes
Normativas do CONCEA;

IV = assegurar que as atividades serdo iniciadas somente apos decisdo técnica
favordvel da CEUA e, quando for o caso, da autorizagao do CONCEA;

W - solicitar a autorizagdo prévia a CEUA para efetuar qualquer mudanga nos
protocolos anteriormente aprovados;

VI — assegurar que as equipes técnicas e de apoio envolvidas nas atividades
com animais recebam treinamento apropriado e estejam cientes da responsabilidade
no trato dos mesmos;

Vil = notificar 4 CEUA as mudangas na equipe téenica;

VIl = ¢ 4 CEUA, imedi , todos os acidentes com animais,
relatando as agdes saneadoras porventura adotadas;

I¥ - estabelecer junto & instituicBo responsdvel mecanismos para a
disponibilidade e a manutengao dos equip e da infr a de criagio e
utilizagso de animais para ensino e pesquisa dentifica;

X = fornecer & CEUA informacgbes adicionais, quando solicitadas, e atender a
eventuals auditorias realizadas.

Solicita-se ao (4) pesquisador (a) 0 envio a esta CEUA, de relatdrios parciais
sempre gquando houver alguma alteragio no projeto, bem como o relatério final.

ljuidd de novembro de 2013,

/ Nasard 0 0 I

Prof. Danig¥Curvello de-Mendonga Miller
Coordenador da CEUA/UNIJUT
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