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RESUMO

Estudos epidemioldgicos destacam efeitos nocivos a saude da associagdo entre
obesidade e exposicdo a material particulado (MP,s). Entretanto, poucos estudos tém
documentado o efeito da exposi¢do a longo prazo a MP,s nos tecidos relacionados ao
metabolismo, em uma condicdo de obesidade pré-existente. Nesse sentido, procuramos
investigar os efeitos da exposi¢cdo a longo prazo a MP,s nos tecidos relacionados ao
metabolismo de nutrientes (NMRT — nutrient metabolism related tissues) em modelo de
obesidade induzida por dieta hiperlipidica (HFD - high fat diet). Camundongos B6129SF2/J
machos foram alimentados com dieta padrao ou HFD durante 12 semanas, ¢ depois foram
expostos aleatoriamente a instilacdo intranasal de salina ou solu¢do de MP,s diariamente,
durante 12 semanas subsequentes. Os animais foram divididos em quatro grupos: CONTROL
(dieta padrdo + salina; n=15), PM; 5 (dieta padrao + MP, 5; n=15), HFD (dieta hiperlipidica +
salina; n=14) e HFD + PM;s (dieta hiperlipidica + MP, 5; n=15). Foram avaliadas medidas
biométricas, perfil glicEémico, lipidico e teste de tolerancia a glicose (GTT) durante o periodo
experimental. Apds 24 semanas de intervengdo, os tecidos foram avaliados em relagdo ao
peso tecido/peso corporeo, perfil oxidativo e expressdo de HSP70. A exposi¢ao a longo prazo
a MP, s promoveu prejuizo na resposta glicémica durante sobrecarga de glicose em animais
obesos induzidos por HFD. A associacio HFD e MP,s promoveu diferentes respostas
oxidativas e expressdao de HSP70 em NMRT. Esta associagdo também desenvolveu uma
diminui¢do da massa muscular e pancredtica. Danos nos NMRT levaram a alteragdes na
glicemia e triglicerideos, ao longo das 24 semanas de estudo. Conclui-se que a exposi¢do a
longo prazo a MP, s promove prejuizo na resposta glicémica durante sobrecarga de glicose em
animais previamente tratados com dieta hiperlipidica, altera o perfil oxidativo e expressao de
HSP70 em NMRT, fornecendo evidéncias para uma importante interacao entre meio ambiente

e fatores dietéticos.

Palavras-chave: Obesidade. Material Particulado. Estresse Oxidativo. HSP70. Tecido

Adiposo.



ABSTRACT

Epidemiological studies demonstrate an important health risk by association among
obesity and exposure to fine particulate matter (PM,s). However, few studies have
documented the effect of long-term exposure to PM; s in metabolism involved tissues in a pre-
existing obesity condition. We seek to investigate the long-term effects of PM; s exposure on
nutrient metabolism related tissues (NMRT) for high fat model of diet-induced obesity. Male
mice were fed with standard or high fat diet (HFD) for 12 weeks. After the diet protocol they
were randomly exposed to daily intranasal instillation of saline or PM,s solution for
subsequent 12 weeks, divided into four groups: CONTROL (n=15), PM,s (n=15), HFD
(n=14) e HFD + PM; 5 (=15). Biometric and metabolic measurements were evaluated during
the experimental time. After 24 weeks, it was evaluated liver, pancreas, gastrocnemius muscle
and epididymal white adipose tissue (EWAT) weights, their respective oxidative profile and
HSP70 expression. The long-term exposure to PM; s promoted impaired glycemic response
during glucose overload in obese animals induced by HFD. HFD and PM,s association
promotes different oxidative responses and HSP70 expression in NMRT. This association
also promoted a decrease in muscle and pancreatic mass. Impaired NMRT lead to changes in
blood glucose and triglyceride levels, along the 24 weeks of study. Long-term exposure to
PM, s worsens the glycemic response to glucose overload in animals previously treated with
HFD, and altered oxidative profile and HSP70 expression in NMRT, providing evidence for

an important interaction between environmental and dietary factors.

Keywords: Obesity. Particulate Matter. Oxidative Stress. HSP70. Adipose Tissue.
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INTRODUCAO
1. POLUICAO ATMOSFERICA

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 (EPA, 2010). A poluicdo atmosférica, por sua vez, pode ser
definida como qualquer forma de matéria ou energia com intensidade, concentracdo, tempo
ou caracteristicas que possam tornar o ar improprio € nocivo a saude, sendo inconveniente ao

bem-estar publico e a qualidade de vida da comunidade (MMA, 2012).

Os poluentes sdo classificados de acordo com a fonte poluidora, com o tipo de emissao

e em funcao de suas transformagdes quando em contato com o meio ambiente.

1.1 Fontes Poluidoras

Uma fonte de poluicao € caracterizada por exercer uma atividade que realiza a emissao
de poluente para a atmosfera. Existem dois tipos de fontes poluidoras, classificadas em fonte
naturais ou biogénicas e fontes antropogénicas. Exemplo de fontes naturais sdo vulcdes,
matéria organica em decomposi¢do, arvores e outras vegetagdes que liberam grandes

quantidades de poeira e pélen na nossa atmosfera (EPA, 2010).

As fontes antropogénicas se originam do processo de modernizagdo, incluindo
industrias, agricultura, mineragdo, transportes, constru¢ao e habitacdes. Estas podem ser
classificadas em: fontes moveis e fixas (estacionarias), entre as quais, fontes moveis incluem a
maioria das formas de transporte, como automdveis, caminhdes e avides, ¢ as fontes fixas
ocupam uma area relativamente limitada, como instalagdes industriais e habitacionais (EPA,

2010).

Do mesmo modo, podemos classificar a polui¢cdo de acordo com o ambiente onde os
poluentes se concentram. Sabe-se que, hoje em dia, as pessoas estdo expostas a poluentes do
ar em ambientes externos, chamado de poluicao outdoor, mas também em ambientes internos,

chamada de poluicao indoor.

Em relagdo a poluicdo outdoor, destacam-se poluentes origindrios de fontes fixas
(industrias e residéncias) e fontes mdveis (carros, onibus e caminhdes), que emitem misturas

complexas de substancias no ar. Condigdes como localizagao geografica, temperatura, vento e
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fatores climaticos influenciam na dispersdo destes poluentes e, portanto, no tipo de exposicao

e agravo a condi¢do de saude (Lawrence Berkeley National Lab, 2012).

A poluicdo indoor também tem recebido énfase recentemente, a partir do momento
que se compreendeu que os efeitos da poluicdo indoor podem ser tao prejudiciais quanto aos
causados pela poluicdo outdoor. Podemos considerar como fontes poluidoras indoor: a
fumaca produzida pela combustdo de biomassa (lenha, folhas, esterco, etc) e os produtos
gerados pela combustao do gas de cozinha, uso de pesticidas e produtos de limpeza (EPA,

2010).

1.2 Tipos de Poluentes

A identificagdo dos poluentes presentes no ar contribui para elucidar os riscos a saude
e para a criagdo de politicas para o manejo de questdes ambientais e sociais. Os produtos
emitidos diretamente pelas fontes poluidoras sdo chamados de poluentes primarios, como o
Material Particulado (MP), Didxido de Enxofre (SO,), Dioxido de Nitrogénio (NO;) e
Monodxido de Carbono (CO), enquanto os que resultam de transforma¢ao com o meio
ambiente sdo poluentes secundarios, como ¢ o caso do Ozonio (O3) (Ministério do Meio

Ambiente).

Dentre estes poluentes, o Material Particulado ¢ o que tem recebido maior énfase em
pesquisas cientificas, tanto epidemiologicas, como experimentais
Sob a denominacdo geral de Material Particulado se encontra um conjunto de poluentes
formados a partir dos processos de combustdo, incluindo fontes emissoras como veiculos,
usinas, incéndios, queimadas agricolas e processos industriais, constituidos de poeira, fumaga

e todo o tipo de material sélido e liquido que se mantém suspenso na atmosfera (EPA, 2011).

O tamanho das particulas estd diretamente associado ao seu potencial para causar
efeitos adversos a satde, sendo que, quanto menor a particula, maiores sdo os efeitos
produzidos (Xu et al., 2011). O material particulado pode ser classificado em Particulas Totais
em Suspensao (PTS), que sdo aquelas cujo diametro ¢ menor que 50 um, e em Particulas
Inaléveis, cujo didmetro ¢ menor que 10 um e que também podem ser classificadas em
particulas grossas — MPjj (2,5 a 10 pm), particulas finas — MP, 5 (<2,5 pm) ou ultrafinas —
MPy; (<0,1 um) (Ministério do Meio Ambiente).

11



1.3 Efeitos da Poluicao na Saude

A polui¢do do ar pode afeta nossa saide de varias maneiras, dependendo do tempo de
exposicao (curto ou longo prazo), do tipo de poluente, da concentracdo dos agentes
poluidores, da faixa etaria, da condicdo prévia de saude, entre outros (Lawrence Berkeley

National Lab, 2012).

Mais especificamente, podemos caracterizar como efeitos de exposi¢do a curto prazo
como: irritacdo dos olhos, nariz e garganta, e infec¢des respiratdrias superiores, tais como
bronquite e pneumonia. Como efeitos a longo prazo sobre a satide podemos incluir: doenga
respiratéria cronica, cancer de pulmao, doencas cardiacas, e at¢é mesmo danos ao sistema

nervoso central (Lawrence Berkeley National Lab, 2012).

Emmerechts e Hoylaerts (2012) destacam que a exposicao a poluentes do ar constitui
um importante fator de risco para desenvolvimento de doengas numa escala global. Estudos
epidemioldgicos e experimentais vém fornecendo, ao longo das tltimas décadas evidéncias de
que a poluicdo atmosférica, derivada dos processos de modernizacdo global, tem contribuido
para o desenvolvimento de inumeras patologias cardiorrespiratorias € consequentemente
aumentando a morbidade associada a essas doengas (Janghorbani et al., 2014). Foram
observados efeitos deletérios da polui¢do do ar sobre a saude humana, que podem causar tanto
aumento da mortalidade, como na morbidade de graves doencas, incluindo doencas

cardiovasculares, pulmonares e cancer (Pope et al., 2002).

Nesse sentido, destaca-se que as PTS podem causar problemas a satde ou afetar
desfavoravelmente a qualidade de vida da populagdo, por interferir nas condi¢des climaticas
do ambiente e prejudicar as atividades normais da comunidade. Em relagdo ao MPy, as
principais preocupagdes sobre a saide humana incluem: efeitos sobre o sistema respiratorio,
danos ao tecido pulmonar, cancer e morte prematura (EPA, 2012). Sobre a exposicdo a MPy s,
destaca-se que estas particulas devido ao seu tamanho diminuto, tém a capacidade de atingir
tanto vias aéreas respiratorias como a corrente sanguinea, consequentemente levando a uma
acdo sistémica. Seus efeitos podem levar a alteragdo do tonus vasomotor, inflamagao

sistémica, adiposidade, aterosclerose e resisténcia insulinica (Xu et al., 2011).

1.4 Niveis Recomendados para Exposicao a Poluicio do Ar
A poluicdo do ar continua a representar uma ameaca significativa para a saude

mundial, segundo a OMS (2014), em 2012, cerca de 7 milhdes de pessoas morreram em
12



resultado a exposicdo a polui¢do atmosférica. Portanto, o estabelecimento e o controle de
padrdes de qualidade do ar podem contribuir para realizacdo de estimativas que auxiliem na
administracdo de problemas ambientais e da satde da populagdo. Nesse sentido, o padrao
americano de qualidade do ar para concentracdes de MPjy ficou mais rigoroso no ano de
2005, passando o limite maximo permitido para um periodo de 24 horas de 150 pg/m’ para 50
pg/m’ em média, e para o periodo de um ano de 50 pg/m’ para 20 pg/m’ em média(OMS,
2005). Quando consideramos o MP; s, o padrdo estabelecido para concentragdes deste passou
de 65 pg/m’ para 35 pg/m’, durante o periodo de 24 horas e de 15 pg/m’ para 12 pg/m3,
durante o periodo de um ano (EPA, 2012).

No Brasil, os padroes de qualidade do ar foram estabelecidos pela resolu¢do do
Conselho Nacional do Meio Ambiente (CONAMA) n° 03/90, sendo classificados em padrdes
primarios e secundarios. Sao padrdes primarios de qualidade do ar as concentragdes de
poluentes que, ultrapassadas, poderdo afetar a saude da populacdo, e padrdes secundarios as
concentragdes de poluentes atmosféricos abaixo das quais se prevé o minimo efeito adverso
sobre o bem estar da populacdo. Esses parametros podem ser entendidos como niveis
desejados de concentracao de poluentes, constituindo-se em meta de longo prazo (Ministério

do Meio Ambiente, 2012)

O Brasil segue os mesmos valores estabelecidos pelo padrao americano para MPy, em
relagio ao periodo de 24 horas (média 50 pg/m’) e de um ano (média 20 pg/m’). Sendo que
para PTS foi adicionado um padrio de qualidade do ar de 240 pg/m’ para 24 horas e 80
ug/m3 para um ano (CONAMA) n° 03/90). Entretanto, ndo ha ainda padrdo estabelecido para
MP; 5 no Brasil.

A exposicao a poluicao atmosférica leva ao aumento de estresse oxidativo (Capitulo 3)
e tem a¢do pro-inflamatdrio (Capitulo 4), sendo potencial agente nocivo para o surgimento de
inimeras patologias. Nesse sentido, enfatiza-se a importancia da realizacdo de pesquisas que
tenham como intuito elucidar os mecanismos pelos quais a exposicdo a poluicdo agrava a
saude, buscando alertar para a necessidade do desenvolvimento de politicas de satude publica,
e de padrdes de qualidade do ar. Que tenham como objetivo a prevencdo dos danos a satde
causados por poluentes atmosféricos, mantendo a polui¢do em valores que nio se constituam

um risco a populagao.
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2. OBESIDADE

Sobrepeso e obesidade sdo definidos como acumulo de gordura anormal ou excessiva
que apresenta um risco para a saude (OMS, 1998). A epidemia da obesidade também té€m se
tornado um risco mundial, segundo as estatisticas da Organizagdao Mundial da Saude
(2012) a obesidade ¢ a causa de morte de 2,8 milhdes de pessoas por ano, sendo que,

atualmente, 12% da popula¢do mundial apresenta obesidade.

No Brasil, um levantamento realizado pela Vigilancia de Fatores de Risco e Protecao
para Doengas Cronicas por Inquérito Telefonico (VIGITEL, 2012), com a populagdo adulta
das 27 capitais brasileiras, aponta que a frequéncia de adultos obesos em nosso pais ¢ de
15,8%. Sendo que as maiores frequéncias de obesidade entre homens foram observadas em
Macapa (24,2%), Natal (23,5%) e Manaus (20,2%); e, entre mulheres em Porto Alegre
(21,5%), Macei6 (18,9%) e Macapa (18,6%).

A etiologia para o aumento das taxas de obesidade tem sido associada a uma piora no
estilo de vida, com excesso de calorias consumidas e falta de atividade fisica. Globalmente,
tem acontecido um aumento da ingestao de alimentos altamente energéticos que sdo ricos em
gordura, e um aumento na inatividade fisica devido a natureza cada vez mais sedentaria de

muitas formas de trabalho (WHO, 2013).

Condigdes de sobrepeso e obesidade sdo estabelecidas como principais fatores de risco
para uma série de doencas cronicas ndo transmissiveis (DCNT), incluindo diabetes mellitus
(DM), doengas cardiovasculares e cancer. Considerado ha alguns anos como um problema
apenas em paises de alta renda, hoje em dia o sobrepeso e a obesidade encontram-se
dramaticamente em ascensao em paises de baixa e média renda, especialmente em regides

urbanos.

Este aumento nos casos de obesidade pode estar também relacionado ao surgimento de
numeros crescentes de casos de diabetes no Brasil. Nesse sentido, a Sociedade Brasileira de
Endocrinologia e Metabologia alerta para resultados de estudos epidemioldgicos obtidos na
ultima década, que apontam a obesidade como importante condi¢ao que predispde a maior
morbidade e mortalidade, uma vez que, a obesidade ¢ comumente associada com o aumento
de estresse oxidativo (Capitulo 3), quadro pré-inflamatério (Capitulo 4), resisténcia a insulina
e alteragdes na distribuicdo de gordura corporal. Sendo assim, busca-se elucidar, os efeitos de

condigdes alimentares, principalmente de dietas ricas em gordura, no desenvolvimento do
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quadro de obesidade, e quais os mecanismos fisiopatologicos que tornam estes individuos

mais susceptiveis a esta condi¢do de morbimortalidade.
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3. ESTRESSE OXIDATIVO

O estresse oxidativo (EO) ¢ um desequilibrio bioquimico, que se apresenta quando a
producao de radicais livres ou espécies reativas de oxigénio (ROS) excede a capacidade
antioxidante natural do organismo, resultando em dano oxidativo (Halliwell e Gutteridge,
2007). Este desequilibrio pode ocorrer apds a exposi¢do a agentes prdé-oxidantes, como
poluentes do ar (Delfino et al., 2011) ou em condigdes cronicas como na obesidade
(Furukawa et al., 2004). A propria resposta antioxidante ou anti-inflamatdria do organismo
aos efeitos destas condi¢des (poluicao do ar e obesidade) se constitui como importante
mecanismo de defesa do organismo para auxiliar na manutencao do equilibrio homeostatico e
oxidativo (Brook et al., 2010). O estresse oxidativo torna o organismo susceptivel e contribui
para o desenvolvimento de inimeras patologias, especialmente aqueles de natureza cronica ou
degenerativa (Wexler, 2007), como podemos salientar, no caso de individuos obesos
(Furukawa et al., 2004; Van Gaal et al., 2006) ou em uma condi¢do de exposi¢do a polui¢cdo

atmosférica (Miller et al., 2012).

3.1 Espécies Reativas de Oxigénio

Em condicdes fisiologicas do metabolismo celular aerdbio, o O, sofre reducdo
tetravalente, com aceitacao de quatro elétrons, resultando na formagdao de H,O. Durante esse
processo sao formados intermediarios reativos, designados radicais livres ou espécies reativas

de oxigénio (Ferreira e Matsubara, 1997).

Radical livre ¢ qualquer atomo que contém um ou mais elétrons desemparelhados na
sua oOrbita. Um elétron nao emparelhado ¢ aquele que ocupa uma 6rbita atdbmica ou molecular
sozinho. Um ponto sobrescrito apos a formula quimica ¢ utilizado para designar radicais

livres (Halliwell e Gutteridge, 2007).

No entanto, radical livre ndo é o termo ideal para designar os agentes reativos
patogénicos, pois alguns deles ndo apresentam elétrons desemparelhados em sua tultima
camada (Ferreira e Matsubara, 1997), nesse sentido, utiliza-se o termo espécies reativas de
oxigénio (ROS), que inclui ndo apenas radicais livres, mas também algumas espécies nio-
radicalares derivadas do O,, como por exemplo, o peroxido de hidrogénio, que ¢ capaz de
gerar outros radicais livres (Halliwell e Gutteridge, 2000). Entre os principais ROS, destacam-
se os radicais superoxido (O, "), hidroxila (OH) e o perdxido de hidrogénio (H,O,) (Ferreira e

Matsubara, 1997).
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3.1.1 Radical Superoxido (027)

Ocorre em quase todas as células aerobicas (Ferreira e Matsubara, 1997), ¢ formado
apods a primeira redu¢do do O,, sendo eliminado por acdo da enzima superdxido dismutase,
que catalisa a dismutacdo de duas moléculas de radical superdxido (O,”) em oxigénio e
peroxido de hidrogénio. Este ultimo, quando ndo eliminado do organismo por agdo das

enzimas peroxidases e catalase, pode gerar radical hidroxila (Barreiros et al., 2006).

O radical superdxido participa de certos processos quimicos importantes no contexto
biologico e apesar de seus efeitos danosos ao organismo, 0 mesmo tem importancia vital para
as cé€lulas de defesas, na agdao contra infec¢des causadas por virus, bactérias e fungos
(Barreiros et al., 2006). Apesar de ser considerado pouco reativo em solucdes aquosas, tem
sido observada lesdo bioldgica secundaria a sistemas geradores de O, (seja enzimatico,

fagocitico ou quimico) (Ferreira e Matsubara, 1997).

3.1.2 Radical Hidroxila (OH")

O radical hidroxila ¢ considerada a ROS mais reativa em sistemas bioldgicos. A
combinac¢do extremamente rapida do OH™ com metais ou outros radicais no proprio local onde
foi produzido confirma sua alta reatividade. Além disso, o OH™ pode inativar varias proteinas,
ao oxidar seus grupos sulfidrilas (-SH) a pontes dissulfeto (-SS), e iniciar a oxida¢do dos
acidos graxos poli-insaturados das membranas celulares, processo chamado de

lipoperoxidagao (LPO) (Ferreira e Matsubara, 1997).

3.1.3 Peroéxido de hidrogénio (H,O;)

O peroxido de hidrogénio é gerado pela dismutagdo do dnion-radical superdxido (O,7)
por enzimas oxidases ou pela B-oxidagdo de 4cidos graxos (Barreiros et al. 2006). O H,O, ¢é
um metabolito do oxigénio extremamente deletério, pois participa da reacdo que produz
radical hidroxila (OH") (Ferreira e Matsubara, 1997). O peréxido de hidrogénio em si, ¢
pouco reativo frente as moléculas organicas na ausé€ncia de metais de transi¢do. No entanto,
exerce papel importante no estresse oxidativo por ser capaz de transpor as membranas

celulares facilmente e gerar o radical hidroxila. Ele somente oxida proteinas que apresentem
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residuos de metionina ou grupos tiol muito reativos, como por exemplo, a glutationa reduzida

(GSH (Barreiros et al., 2006).

3.1.4 Oxigeénio singlet ('02)

A forma mais deletéria do oxigénio ao organismo ¢é o oxigénio singlet (‘02), pois ¢ a
causa ou o intermedidrio da toxicidade fotoinduzida do O, em organismos vivos. O oxigénio
singlet se difere do O, em seu estado molecular porque ndo apresenta transferéncia de
elétrons, sendo altamente reativos, ele causa danos as proteinas devido a oxidagdo de grupos
essenciais de aminoacidos, sendo responsavel também por iniciar o processo de LPO

(Barreiros et al., 2006).

3.2 Defesas Antioxidantes

Antioxidantes sdao substancias que reagem com radicais livres impedindo ou
diminuindo o estresse oxidativo e a consequente destruicdo tecidual (Halliwell e Gutteridge,
2007). O metabolismo aerébio envolve a producdo de ROS, mesmo em condigdes basais, e,
portanto, hd uma necessidade permanente de inativar estas espécies reativas de oxigénio,
papel fundamental dos antioxidantes. O estado de equilibrio de pro-oxidantes e antioxidantes
pode ser interrompido, ¢ o desbalanco em favor dos pro-oxidantes, leva potencialmente a

danos, esse desequilibrio ¢ chamado de "estresse oxidativo" (Sies, 1993).

Os sistemas de defesa antioxidantes, tem a capacidade de inibir a oxidagdo de outras
moléculas, transferindo elétrons de uma substincia para um agente oxidante (ROS).
Antioxidantes podem agir em diferentes niveis no processo oxidativo, pela eliminagdo de
radicais primarios, quelacdo de ions metalicos, eliminagdo de radicais peroxilas ou remog¢ao
de biomoléculas oxidadas, entre outros tipos de agdo. Para proteger-se, as células possuem um
sistema de defesa antioxidante que pode atuar em duas linhas, divididas em defesas em

enzimaticas e ndo-enzimaticas.

3.2.1 Defesas antioxidantes enzimaticas

As enzimas antioxidantes superdxido dismutase (SOD), catalase (CAT), e glutationa

peroxidase (GPx), servem como linha de defesa primdria na neutralizagdo de ROS,
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protegendo as células e os tecidos do dano oxidativo (Halliwell e Gutteridge, 2007). A
avaliagdo dessas enzimas quanto a atividade e expressdo ¢ bastante utilizada como

marcadores do desequilibrio que leva ao estresse oxidativo (Zanchi et al., 2008; Heck, 2007).

As superoxido dismutase (SOD) sdo metaloenzimas abundantes nas células aerdbias e
uma das mais importantes enzimas antioxidantes. Nos sistemas eucariontes existem duas
formas de SOD, SOD-cobre-zinco que estd presente principalmente no citosol, e a SOD-
manganés que esta localizada primariamente na mitocondria. Ambas tem funcdo antioxidante,
ja que catalisam a dismutagdo do radical superoxido (O,7) em H,O, e O, (Ferreira e

Matsubara, 1997).

A catalase (CAT) ¢ uma hemeproteina citoplasmatica, encontrada em todos os tecidos,
principalmente no figado. Essa enzima ¢ um tetrametro formado por unidades idénticas, sendo
que monomero contém um grupo prostético heme no centro catalitico, ela catalisa a redugdo

do peroxido de hidrogénio (H,0O,) em H,O e O, (Halliwell e Gutteridge, 2007).

As peroxidases, como a glutationa peroxidase (GPx) sdo enzimas que utilizam uma
variedade de redutores celulares para inativar peroxidos. Em mamiferos as principais
peroxidases sdo as glutationas dependentes, como a GPx, uma seleno-enzima (utiliza selénio
como co-fator), que catalisa a reducdo do peroxido de hidrogénio (H,O;) e perdxidos
organicos para seus correspondentes alcoois as custas da conversdo da glutationa reduzida

(GSH) a glutationa oxidada (GSSG) (Halliwell e Gutteridge, 2007).

3.2.2 Defesas antioxidantes nao enzimaticas

Existem poucos antioxidantes enzimaticos (¢ nem todos sdo universalmente aceitos),
entretanto, hd inimeros antioxidantes ndo enzimaticos, que aumentam a capacidade do

organismo para se defender contra as ROS (Olinescu e Smith, 2002).

A interceptagdo antioxidante tem como propriedade reagir com radicais livres
primarios, e transferir a fungdo radical para alvos que sofram dano em menor potencial (Sies,

1997), acao realizada também pelos antioxidantes nao-enzimaticos.

Os principais antioxidantes ndo enzimaticos incluem vitaminas A, C e E; glutationa,

acido a-lipdico; carotenoides, ubiquinona ou coenzima Q10 (CoQ10), e cofatores como o

acido folico, vitaminas B1, B2, B6 e B12, que atuam impedindo processos de LPO e o dano
oxidativo (Johansen et al., 2005).
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3.3 Estresse Oxidativo, Obesidade e Poluicdo Atmosférica

O estresse oxidativo ¢ o0 mecanismo molecular e celular que promove danos a diversos
tecidos, levando ao desenvolvimento de um amplo espectro de doengas humanas (Halliwell,
1994). Inameros fatores ja sdo conhecidos por estimular o desequilibrio pr6 e antioxidante,
que leva ao desenvolvimento de patologias associadas ao estresse oxidativo, como, por
exemplo, a obesidade (Furukawa et all., 2004; Vincent e Taylor, 2006) e distirbios causados

por exposicao a polui¢ao atmosférica (Demetriou et al., 2012; Miller et al., 2012).

A obesidade, que pode ser resultante de distarbios alimentares, como alto consumo de
dietas hiperlipidicas, ¢ componente central e causal de disfungdes metabolicas. O aciimulo de
tecido adiposo estd intimamente relacionado com marcadores de estresse oxidativo sistémico,
por dois fatores: o aumento do estresse oxidativo no tecido adiposo leva a producao
desregulada de adipocinas; e consequentemente, o aumento da producao de ROS no tecido

adiposo leva a estresse oxidativo sistémico (Furukawa et al., 2004).

Estas disfungdes relacionadas a obesidade, mediadas pelo estresse oxidativo, podem
levar a coexisténcia de varios fatores de risco para desenvolvimento de aterosclerose,
dislipidemia, hipertensdo e também prejudicar a captacdo de glicose no musculo e no tecido
adiposo, podendo desencadear DM (Furukawa et al., 2004). A maioria destas condigdes
também estd associada a um quadro pro-inflamatério cronico, o que pode aumentar a
susceptibilidade ao estresse oxidativo adicional causado por exposicdo a poluigdo do ar

(Romieu et al., 2008).

O estresse oxidativo mediado por polui¢do, principalmente por material particulado
(MP), pode surgir a partir da geragao direta de ROS, da alteracdo na fungao mitocondrial e na
atividade da enzima NADPH oxidase, bem como, do dano oxidativo ao DNA (Romieu et al.,
2008). O estresse oxidativo, resultante da exposicdo a oxidantes, como a polui¢do, ou a
presenca de defesas antioxidantes prejudicada, por condi¢ao de susceptibilidade pré-existente,
como na obesidade, pode desencadear uma série de sinalizagdes do estado redox, que atuam

como biomarcadores (Kelly, 2013).

Estudos demonstram a importancia efeitos da exposicdo a MP,s sobre o estresse
oxidativo, que promove disfun¢des no tecido adiposo. Estes resultados ressaltam os efeitos
adversos de polui¢dao do ar, especialmente no contexto de desenvolvimento de obesidade,
doencas cardiometabolicas e resisténcia a insulina (Xu, 2011), e apresentam o estresse
oxidativo como biomarcador do desbalango metabdlico.
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4. PROTEINAS DE CHOQUE TERMICO - Heat Shock Proteins (HSPs)

Sob condicdes fisioldgicas normais as células sincronizam sua atividade metabdlica,
expressdo génica, € outros processos celulares basicos, como a propria capacidade pro-
oxidante/antioxidante, para manutencdo da homeostase. Quando estas c€lulas sdo expostas a
estresse, elas se comunicam para ajustar seu metabolismo para uma nova condi¢ao (De Maio,
2011). Nesse sentido, proteinas de choque térmico (HSPs), funcionam a nivel celular para

proteger as células contra muitas condicoes estressantes (Chung et al., 2008).

Ao longo dos ultimos anos, tornou-se evidente que em condigdes de estresse (ex.
exposicdo a niveis elevados de polui¢ao) as células respondem com a sintese de um conjunto
de proteinas conhecidas como proteinas de choque térmico, situagdo designada de stress

response (resposta ao estresse) (Mukhopadhyay et al., 2003).

Proteinas de choque térmico sdo proteinas altamente conservadas durante a evolugao
das espécies e sdo encontradas em organismos eucarioticos e procaridticos (Robert, 2003). A
primeira demonstracdo da indugdo celular de HSP, em resposta a um estresse celular, foi
relatada em 1962 por Ferrucio Ritossa, que observou o surgimento de um novo padrao de
espessamento cromossomal em células de glandulas salivares de Drosophila buskii, fato que
representava a transcri¢do para a sintese de HSPs apos a exposi¢do celular a temperaturas
altas (De Maio, 2011).

Embora a descoberta das HSPs tenha ocorrido sob choque térmico, outros estimulos
estressores, como obesidade e poluicdo atmosférica podem promover alteragdes na expressao
destas proteinas (Chung et al., 2008; Kido et al., 2011).

As HSPs podem ser agrupadas de acordo com suas massas moleculares em familias
(HSP110, HSP100, HSP90, HSP70, HSP60 e HSP30). Estas proteinas, especificamente, as
pertencentes a familia de HSPs de 70 kDa (HSP70) sdo proteinas muito conservadas (Smock
et al., 2011) e possuem fungdes extremamente importantes para a manutencdo do bom
funcionamento celular, atuando como chaperonas moleculares e prevenindo o dano celular.
Nesse sentido, pode-se considerar que a indug¢dao da expressio HSP70, aumentando o
conteudo intracelular desta proteina, pode representar um potencial fator citoprotetor e anti-

inflamatoério, em diversas condigdes estressantes (Heck et al., 2011).
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4.1 HSP70, Estresse Oxidativo, Obesidade e Poluicio Atmosférica

Os estresses oxidativo, térmico, hemodindmico e osmotico induzem a expressdo de
HSP70, que por sua vez, ¢ responsavel por proteger as células contra estes desafios (Kim et
al., 2007). Altos niveis plasmaticos desta proteina estdo correlacionados, simultaneamente
com alteracdo no status proé/anti-inflamatério e com o desequilibrio dos sistemas

prd/antioxidante do organismo.

Devido as suas fungdes versateis, as HSPs podem intervir no estresse oxidativo em
varios niveis (Kalmar e Greensmith, 2009). Em primeiro lugar, algumas HSPs,
principalmente a HSP70 e suas co-chaperonas, desempenham um papel crucial na depuracao
de proteinas danificadas. Por outro lado, podem regular negativamente a apoptose, por ligagao
e inibicao da cascata apoptotica, e mesmo se as vias de morte celular forem ativadas, as HSPs
podem intervir para resgatar as células do processo de apoptose. Desta forma, o aumento na
sintese de HSPs, pode apresentar um aumento na tolerancia ao estresse subsequente, o que
pode prevenir a danos proteicos relacionados ao estresse oxidativo (Kalmar e Greensmith,

2009).

No entanto, a primeira linha de defesa contra o dano oxidativo ocorre por meio de
eventos moleculares, que reconhecem mudanga redox no ambiente intracelular, e aumentam a
expressdo das HSPs (Kalmar e Greensmith, 2009). Obesidade, sedentarismo e consumo de
dietas ricas em gordura produzem um ciclo vicioso de inflamagdo e estresse oxidativo, que
leva a perda do equilibrio homeostatico e podem produzir efeitos sobre a expressdo de
HSP70. A reducdo na expressdo de HSPs pode tornar os tecidos vulnerdveis ao estresse
(Hooper e Hooper, 2009) e ser indicativo de possivel dano tecidual e desenvolvimento de

patologias.

As HSP70 também possuem a capacidade de proteger as células de dano oxidativo
induzido por exposicao a polui¢do atmosférica. Estudo realizado por Kido et al. (2011) sugere
que a exposic¢ao a inalagdo de poluicdo do ar induz a expressao HSP70 sistémica, podendo ser
um importante mediador imunoldgico que contribui para outros agravantes (disfungao
vascular e eventos cardiovasculares), induzidos pela exposi¢do cronica a polui¢ao do ar. Desta
forma, as HSP70, tém sido usadas, recentemente, como biomarcadores para avaliagdes
precoces dos efeitos nocivos a satide, como os causados por exposicao a poluicao atmosférica

(Mukhopadhyay et al., 2003).

22



Sugere-se que a expressao de genes de estresse (HSP70, em particular) sdo potenciais
indicadores de qualquer agressdo quimica ou fisica, e tem sido usado com sucesso
recentemente como um biomarcador precoce para a avaliagdo de condi¢cdes ambientais.
Alteragdes na expressdao de HSP70 por meio da regulacdo do estado redox celular e de
processos inflamatdérios, em resposta a estimulos estressantes (obesidade e poluicao
atmosférica, por exemplo) ¢ que determinam sua func¢do de chaperona molecular intracelular,
sendo, portanto, um potencial biomarcador de inimeras condigdes adversas (Fittipaldi et al.,
2014; Kido et al., 2011).A ligagao direta da expressdo de HSP70 com danos celulares,
juntamente com a sua natureza altamente conservada entre espécies permite a aplicagdo de

ensaios em uma vasta gama de organismos.
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5. MODELOS EXPERIMENTAIS DE EXPOSICAO A POLUICAO
ATMOSFERICA

Vérios estudos tém demonstrado efeitos da exposigdo a polui¢do atmosférica
(Fajersztajn et al., 2013; Pearson et al., 2010; Rajagolapan e Brook, 2010), para tal, muitos

modelos sdo utilizados para avaliar o grau de exposic¢ao versus efeito produzido.

O desenvolvimento de modelos para avaliar a exposi¢do a polui¢do do ar dentro das
cidades, no intuito de atribuir os riscos produzidos a saude, ¢ prioritario para futuras
pesquisas. No entanto, os mecanismos fisiologicos dos efeitos nocivos a saude relacionados a
exposicdo a poluicdo ndo sdo totalmente elucidados em estudos epidemioldgicos, levantando
questionamento sobre como ocorre o desenvolvimento de patologias e porque individuos

expostos se tornam mais susceptiveis a certas condigdes.

Para tal, modelos que mimetizam a exposi¢ao a poluicao atmosférica, sdo apropriados
para elucidar os mecanismos fisiopatoldgicos pelos quais o organismo desenvolve iniimeras
doengas relacionadas a polui¢do atmosférica, estudos que vém sendo desenvolvidos tanto in

vivo, COmo in Vitro.

Como modelo de exposi¢ao in vivo, em experimentagdo animal, podemos destacar
métodos de exposi¢do em camara, em que o ar ¢ propulsionado do ambiente externo para a
area interna da camara, sendo filtrado (com série de filtros para impedir entrada de polui¢do) e
nao filtrado, onde os animais ficam expostos a polui¢dao local (Sun et al., 2009; Xu et al.,
2011). Além do método que utiliza um concentrador de particulas de polui¢do atmosférica,
desenvolvido pela Universidade de Harvard, os quais sdo utilizados para exposicdo a
concentracdo real de particulas no ambiente, durante um periodo de tempo (Rhoden et al.,

2004).

Outros estudos utilizam métodos de instilagdo intratraqueal e intranasal (Yan et al.,
2011; Zanchi et al., 2008). O método de instilagdo intratraqueal ¢ usado com frequéncia para a
exposicao de animais, tanto a particulas soliveis e insoluveis, ¢ um método relativamente
barato, que permite administracdo instantdnea e diretamente na traqueia, de concentracao
conhecida do poluente em teste diretamente para o pulmao (Osier e Oberdorster, 1997). No
modelo de instilagdo intranasal, conforme utilizado em nosso estudo, o animal ¢ contido pelo
manipulador (suspenso pela regido cervical, sustentado com a mao sobre o dorso), e entdo ¢

realizada administragdo via intranasal da suspensao em liquido (com concentragdo conhecida
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de poluente) diretamente na narina do animal que por reflexo de apnéia inala a suspensdo

(Osier e Oberdorster, 1997). (conforme Figura 1).

Estudos que utilizam estes modelos de exposi¢do tém sido eficientes em relacionar os
prejuizos da poluigdo atmosférica, no desenvolvimento de doengas cronicas, sejam estas
respiratdrias, cardiometabdlicas ou neurodegenerativas, destacando principalmente os efeitos

fisiologicos produzidos para o agravo destas condi¢des (Brook et al., 2004).

7

-

Figura~i. Instilagdo intranasal realizada em camundongo B6.
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6. MODELOS EXPERIMENTAIS DE OBESIDADE

Modelos animais também tém sido utilizados para estudar condi¢des relacionadas a
obesidade. Os mecanismos moleculares através dos quais a obesidade ¢ desenvolvida e induz
problemas a satide ainda ndo sdo claras. Para entender melhor os mecanismos patoldgicos de
doencas humanas, modelos animais sdo essenciais (Kanasaki e Koya, 2001). Neste sentido,
podem ser utilizados modelos genéticos, animais com alguma mutacdo génica, animais
transgénicos ou aqueles em que se produziu knock-out de um ou mais genes; ¢ também
modelos nos quais a obesidade ¢ induzida por meio do consumo de dietas ricas em gordura ou

dietas de cafeteria (Cesaretti et al., 20006).

O modelo que mais se assemelha ao desenvolvimento da obesidade humana ¢ o
modelo de obesidade exodgena, no qual ¢ oferecido ao animal um maior aporte caldrico,
mediante uma sobrecarga de carboidratos ou de gordura. Neste modelo experimental,
acrescenta-se, ou associa-se a racdo padrdo substancias altamente caldricas (Cesaretti et al.,

2006).

Dietas hiperlipidicas (DHL), principalmente constituidas de gordura animal, t€ém
apresentado maiores efeitos sobre o ganho de peso quando comparado a outros tipos de dieta
(Buettner et al. 2007). Dietas contendo mais de 40% de energia com base em gordura animal,
introduzido no periodo pds-desmame, com um consumo continuo por varias semanas, sao
adequados para o estudo dos mecanismos fisiopatologicos do desenvolvimento da obesidade

(Matsuzawa-Nagata et al., 2008; Buettner et al., 2007).

Linhagens de ratos quando alimentados com DHL tém respostas diferentes no que diz
respeito ao desenvolvimento de obesidade, no entanto, camundongos (principalmente da
linhagem C57BL/6J) se comportam como modelos apropriados para mimetizar distarbios
metabolicos humanos que sdo observadas na obesidade, pois estes quando alimentados com
DHL desenvolvem adiposidade, hiperinsulinemia, hiperglicemia e hipertensdo, podendo ter
seus efeitos comparado ao mesmo modelo alimentado apenas com dieta padrao, que
permanecem sem anormalidades metabdlicas (ragdo padrao e hiperlipidica conforme Figura

2) (Wang e Liao, 2012).

Desta forma, enfatiza-se que a interveng¢ao com dietas hiperlipidicas em camundongos
apresenta-se como modelo adequado para elucidar os mecanismos fisiopatologicos do
desenvolvimento de um quadro de obesidade, bem como das condi¢des que agravam esta pré-

condicdo e resultam no surgimento de doengas cronicas, como o diabetes.
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Figura 2. Ragfo Padrdo (4% de gordura - Nuvilab CR-1) e Ragdo Hiperlipidica (60% de gordura) preparada
para consumo de camundongo B6.
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JUSTIFICATIVA

Estudos epidemiologicos tém demonstrado forte associa¢do entre obesidade e polui¢ao
atmosférica, no desenvolvimento de doengas cronicas nao transmissiveis, como diabetes
mellitus tipo 2 (DM2) (Pearson et al., 2010; Sun et al., 2009). A obesidade esta associada ao
desenvolvimento de doencas metabdlicas, por vias pro-inflamatérios e préd-oxidantes,
tornando individuos susceptiveis a outros fatores de risco, como aos efeitos da poluicdo
atmosférica. A exposicdo cronica a polui¢do atmosférica, principalmente por Material
Particulado Fino (MP;s) também promove modificagdes no perfil inflamatorio e aumento do
estresse oxidativo, provocando agravos a saude, principalmente em condi¢gdes de
susceptibilidade pré-existente. Nesse sentido, justifica-se o desenvolvimento deste trabalho,
na busca por elucidar os mecanismos fisiopatologicos relacionados ao agravo das condigdes

de obesidade por exposi¢do a poluicao atmosférica.
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OBJETIVO GERAL
Avaliar o efeito da associacdo entre consumo de dieta hiperlipidica e exposi¢cdo
cronica a0 MP,s5 no perfil biométrico, metabolico e na resposta celular ao estresse em

camundongos B6129SF2/J (B6).

Objetivos especificos

Avaliar o efeito da associagdo entre consumo de DHL e exposicdo a MP, 5 no(s):

- Desenvolvimento da adiposidade, a partir da relacdo entre Peso Corpodreo e Tecido Adiposo

Branco Epididimal;

- Perfil Glicémico e Lipidico;
- Tecidos relacionados ao metabolismo dos camundongos (Figado, Pancreas, Musculo
Gastrocnémio e Tecido adiposo Branco Epididimal) quanto ao dano oxidativo (TBARS),

Atividade das enzimas antioxidantes (CAT e SOD) e expressao de HSP70.
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ABSTRACT

Introduction: Epidemiological studies demonstrate an important health risk by association
among exposure to fine particulate matter (PM;5s), obesity and type 2 diabetes (T2DM).
However, few studies have documented the effect of long-term exposure to low levels of
PM, 5 in nutrient metabolism related tissues (NMRT) in a pre-existing adiposity condition. We
seek to investigate the long-term effects of PM, s exposure on nutrient metabolism related
tissues (NMRT) for high fat diet (HFD)-induced obesity model.

Materials and Methods: Male mice (n=59) were fed with standard or HFD for 12 weeks.
After the diet protocol they were randomly exposed to daily intranasal instillation of saline or
PM, 5 solution for subsequent 12 weeks, divided into four groups: CONTROL, PM, s, HFD
and HFD+PM,s. Biometric and metabolic measurements were evaluated during the
experimental time. After 24 weeks, it was evaluated NMRT weights, their respective
oxidative profile and HSP70 expression.

Results: The long-term exposure to PM,s promoted impaired glycemic response during
glucose overload in obese animals induced by HFD. HFD and PM, s association promotes
different oxidative responses and HSP70 expression in NMRT. This association also
promoted a decrease in muscle and pancreatic mass. Impaired NMRT lead to changes in
blood glucose and triglyceride levels, along the 24 weeks of study.

Significance: Long-term exposure to PM,s worsens the glycemic response to glucose
overload in animals previously treated with HFD, and altered oxidative profile and HSP70
expression in NMRT, providing evidence for an important interaction between environmental

and dietary factors.

Keywords: Adiposity, particulate matter, oxidative stress, HSP70.
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INTRODUCTION

Accumulated evidence suggests that exposure to air pollutant as one of major risk factor for
the development of diseases on a global scale (Fajersztajn et al. 2013; Emmerechts and
Hoylaerts 2012). Epidemiological studies show important links between exposure to
Particulate Matter (PM) and risk for development of chronic diseases, as obesity and diabetes

(Chen and Schwartz 2008; Pearson et al. 2010; Rajagolapan and Brook 2010).

As 1s known, the current lifestyle with HFD consumption might induce metabolic
dysfunctions, making individuals more susceptible to adverse environmental conditions (Yan
et al. 2011). In the same way, the fine particulate matter (PM,s), due to their size, have a
systemic effect, and are able to induce damage in several tissues, including metabolic tissues
(Pearson et al. 2010; Xu et al. 2010; Yan et al. 2011), additionally associated to inflammatory
and oxidative markers (Jacobs et al. 2010). Moreover, Yan et al. (2011) demonstrated that
exposure to PM, s enhanced insulin resistance (IR) in HFD treated rats, seems a risk factor for
subsequent development of type 2 diabetes mellitus (T2DM), and suggest effects that obese
subjects with IR may be a susceptible population to PM; s.

The pathophysiological effects of PM;s may occur via activation of intracellular stress
responses, similarly as other risk factors (such as HFD consumption), leading to modulation
of cell metabolism in the whole body (Mendez et al. 2013). The oxidative stress induced by
PM,; s, mediated by transition metals, impairs target cells/tissue (Bae et al. 2010; Rhoden et al.

2004).

In addition from oxidative stress, both PM,s and HFD can induce other ways of stress
responses, such as the expression of heat shock proteins (HSPs). Under stressful conditions,
cells respond by synthesizing a suite of proteins known as HSPs (Mukhopadhyay et al. 2003),
that plays a fundamental role in providing cytoprotection for many types of disorders (De

Maio 2011).

Since the imbalance of oxidative profile marks the beginning of a tissular injury and HSP70
expression represents the activation of cytoprotective mechanisms, we used these variables to
investigate the HFD consumption associated with PM,s exposure to challenge body
homeostasis, specifically on NMRT. All epidemiological studies suggest a elevate risk to
T2DM development by combination of high levels of PM; s exposure and HFD metabolic

complications. Thus, we hypothesized that low concentrations of PM; 5, however during long
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periods, is able to promote metabolic alterations and contribute to T2DM development,

marked by alterations in oxidative profile and HSP70 expression in NMRT.
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MATERIALS AND METHODS
Animal Care

All animals used in this research were treated humanely, with due consideration for the relief
of suffering and discomfort. This protocol was approved by the Animal Ethics Committee of

UNIJUI (CEUA 009/13).
Animals

Male (n=59) B6129SF2/]J mice, 21 days old (weight = 14g) post-weaning, from Animal
Facility of Regional University of Northwestern State’s Rio Grande do Sul, were kept in
semi-metabolic cages, under controlled conditions of temperature (22+2°C), relative humidity
(50% - 60% ) and light-dark cycles (light from 7:00 a.m. to 7:00 p.m.). The animals received

water ad libitum.
Experimental Design

The mice were randomly divided into four groups: Control (CONTROL), Polluted (PM;s),
High Fat Diet (HFD) and High Fat Diet Polluted (HFD+PM;5). Animals in CONTROL and
PM, s groups received standard diet (4% fat) and animals from HFD and HFD+PM; 5 groups
received HFD (60% fat diet) for 24 weeks. At 12th week, PM, s and HFD+PM, 5 groups
received intranasal instillation of PM, s (5pg/10pL) daily, while CONTROL or HFD groups
received saline solution, for a subsequent period of 12 weeks (up to 24 weeks). Treatments are

summarized in Table 1.
Diet

The standard diet (Nuvilab CR-1) (4% fat) consisted of crude protein, mineral material,
fibrous matter and minerals. The HFD (60% fat) was composed by 40.4% of standard diet
(Nuvilab CR-1), 37.4% of lard, 13.7% of albumin, 7.4% of aminomix, 1.1% of bone and
oyster meal, prepared once a week in our laboratory. The animals received standard diet or

HFD for 24 weeks.
Characterization of Particulate Matter

The pollutant used in the experiment was PM; 5 contained in polycarbonate filter, which was
collected through a gravimetric collector, on the terrace of the Faculty of Medicine,
University of Sao Paulo (USP) in Sdo Paulo, Brazil. After the exposure to the urban air

pollution (24 hours), the filter was removed and retained particles were obtained by
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sonication, with ultrasound bath in seven sessions (50 min) in H,O. The particles were
resuspended in saline solution at a dose of Spg/10pL. The process of intranasal instillation
was performed daily, once a day (at 1:00 and 2:00 p.m.), for 12 weeks with an automatic
pipette, with 10uL of solution in the nostril of the animal, which reflects apnea inhales the

pollutant.
Food and Water Consumption

The consumption of water [volume offered minus remaining volume in the bottle (mL)] and
food [diet offered minus remaining diet in the box (g)] were monitored three times per week

during the 24 weeks study.
Biometric Profile

The biometric profile of animals was monitored once a week for 24 weeks. It was measured
body weight (g), length (cm) and carried out the calculation of the Lee Index, the body mass
index (BMI) for rodents. Body weight was checked with semi-analytical scale and length was
verified by naso-anal distance. The Lee Index consists to divide the cube root of body weight
(g) by naso-anal distance (cm), the result of the weight/length division is multiplied by 1000
(Lee 1928). We also evaluate adiposity [% of epididymal white adipose tissue (EWAT)] and

% of liver, gastrocnemius muscle and pancreas.
Glucose and Lipid levels

Blood glucose, triglycerides and cholesterol were monitored every 2 weeks, with 12 hours of
fasting. Blood glucose was measured by Glucometer Optium Xceed (Abbott) (SuL of blood)
and the triglycerides and total cholesterol levels was assessed with Accutrend ® Plus System
(Roche) (25uL of blood) in a puncture of the distal part of the tail of mice. The results were
expressed in mg/dL of blood. The response of blood glucose, triglycerides and cholesterol
over 24 weeks was assessed by calculating the incremental area under the curve (IAUC;
glycaemia is the y-axis of the graph, and weeks represents the x-axis of graph), calculated
geometrically by applying the trapezoid rule, ignoring in the area the first measurement of

each variable at time zero of the study (USA-FAO 1997).
Glucose Tolerance Test (GTT)

Glucose tolerance test were performed in 4", 8", 12" 16™ 20" and 24™ weeks of
intervention. Food was withdrawn from the animals in the night before experiments (12 hours

before). Mice were restrained and blood samples were obtained by a puncture of the distal
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part of their tails. Glycaemia was measured with Glucometer Optium Xceed (Abbott)
immediately before and at 30 and 120 min after an glucose administration (1g/kg in saline
solution, i.p). The glycemic response during GTT was evaluated by calculating the
incremental area under the curve [IAUC; glycaemia is the y-axis of the graph, and time
(minutes) represents the x-axis of graph], calculated geometrically by applying the trapezoid

rule, ignoring in the area the fasting concentration values of glycaemia (USA-FAO 1997).
Tissue Preparation

At the end of the 24 weeks of intervention, the animals were euthanized. NMRT: liver,
pancreas, gastrocnemius muscle and EWAT were dissected, weighed, frozen in liquid

nitrogen with freeze clamp and stored for further homogenization.

For analysis of thiobarbituric acid reactive substances (TBARS) and activity of the
antioxidant enzymes superoxide dismutase (SOD) and catalase (CAT), a portion of the tissues
was homogenized in potassium phosphate buffer (KPi, pH 7.4) containing protease inhibitor
cocktail: leupeptin (2 pg/mL = 4.2 uM), aprotinin (2 pg/mL = 0.31 uM), TLCK (tosyl-L-
lysine chloromethyl ketone hydrochloride, 0.74 pg/mL = 20uM) and PMSF
(phenylmethanesulfonyl fluoride, 17.42 pg/mL = 100 pM). To determine the HSP70
expression by Western blotting, another portion of the tissues were homogenized in 0.1%
(w/v) SDS buffer containing protease inhibitor cocktail, consisting of leupeptin (4.2 uM),
aprotinin (0.31 uM), TLCK (20 uM) and PMSF (100 uM).

Determination of Protein Concentration Content

The protein concentration in tissues was determined by the spectrophotometric method of
Bradford (1976) at 595nm, using bovine serum albumin as standard (points from 0.04 — 3.0
mg/mL).

Evaluation of Oxidative Stress and HSP70 Expression
Determination of Lipid Peroxidation

The lipid peroxidation was analyzed using TBARS method (Buege and Aust 1978).
Homogenates were precipitated with 10% trichloroacetic acid, centrifuged, and incubated
with thiobarbituric acid for 15 min at 100°C. After the absorbance, it was measured by
spectrophotometry at 535 nm. The MDA standard was prepared from 1.1.3.3-
Tetramethoxypropane (points from 0.0005 — 0.016 mg/mL). Results were expressed in nmol

MDA/mg of protein.
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Determination of SOD and CAT Activity

SOD activity was performed by inhibition of auto-oxidation of pyrogallol (Marklund and
Marklund 1974). In a cuvet, 930 ul Tris-EDTA Buffer (TRIS 2-amino-2-hydroxymethyl-
propane-1,3-diol, 50 mM, EDTA ethylenediaminetetraacetic acid, 1 mM, pH 8.2), 4 ul of
catalase (CAT; 30 uM) and 50 pl of homogenate were added and mixed. After, pyrogallol (24
mM in HCI 10 mM) was added and SOD activity determined at 25°C in spectrophotometer
(420 nm) for 120 sec. Results were expressed in Unit SOD/mg of protein.

CAT activity was performed accordingly to Aebi (1984). In a quartzo cuvet, 30 pl of
homogenate, 2865 ul of phosphate buffer (50 mM, pH 7.4) were mixed, and after, 105 pl of
hydrogen peroxide (0.01 M) was added and mixed. The decomposition of hydrogen peroxide
by CAT activity was determined at 25°C in spectrophotometer (240 nm - ultraviolet) for 120

sec. The results were expressed in pmol/mg of protein.
HSP70 Expression

The HSP70 expression was evaluated in NMRT by immunoblot analyses (Laemmli 1970).
Equivalent amounts of protein from each sample (~ 40 pg) were prepared in sample buffer
[Tris 50 mM, SDS 10%, glycerol 10%, 2-mercaptoethanol 10% and 2mg/ml bromphenol
blue]. The samples were boiled for 5 min and electrophoresed in a 10% polyacrylamide gel
(5h in 15 mA/gel). After, the proteins were transferred to a nitrocellulose membrane (GE
HealthCare) by electrotransfer (1h in 100 V) and subsequently, transferred bands were
visualized with 0.3% (w/v) Red Ponceau S (Sigma-Aldrich).

The procedures were performed with SNAP i.d. (Merck Millipore), vacuum system for rapid
immunoblot. Membranes were washed with water and then blocked in 0.5% (w/ v) nonfat dry
milk in washing buffer [TEN-Tween 20 solution (0.1% w/v); TEN is 50 mM Tris, 5 mM
EDTA, 150 mM NaCl, pH 7.4]. Membranes were washed three times with wash buffer and
incubated for 15 min with monoclonal anti-HSP70 antibody (Sigma-Aldrich H5147, 1:1000).
After three consecutive washings with wash buffer, peroxidase-labeled rabbit anti-mouse IgG
(Sigma-Aldrich A9044) was utilized as secondary antibody, at 1:15,000 dilution. As a gel
loading control, was used anti B-actin containing peroxidase (Sigma-Aldrich A3854, dilution
1:15000) or Coomassie Blue (0.1% Coomassie blue, 40% methanol, 10% acetic acid). Blot
visualization was performed using ECL-Prime Western blotting Reagent (GE Healthcare).
Quantification of bands was performed using the Image J® software. The data are presented in
arbitrary units HSP70, normalized in terms of -actin.
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Statistical Analysis

Statistical analysis was developed using One-way analysis of variance (ANOVA). Post hoc
multiple comparisons among groups were performed with the Tukey’s test. The Pearson’s
correlation test was employed to test the associations between the variables in each
experimental group (EWAT weight/body weight, Body weight and IAUC response to GTT at
the 24™ week). All statistical analyzes were performed using SPSS for Windows, version
19.0. The level of significance was set at 5%. Results were expressed as mean + standard

deviation.
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RESULTS

Along 24 weeks, the water consumption (P=0.747; F,10=1.154), food intake (P=0.105;
F1.10=2.015) and kcal consumption (P=0.966; F, 1p=1.152) was similar among the groups. We
did not observe differences in body length (P=0.169; F;s3=1.742) and Lee Index (P=0.289;
F35,=1.286) over 24 weeks of intervention between groups. However, in IAUC of body
weight (Figure 1A-C) we found an increase only in HFD group (Figure 1B). At the end of the
treatments (24th week) we did not observed any difference among the groups in these
variables (body length P=0.537, F;s55=0.732; Lee index P=0.478; F;55=0.840; and body
weight P=0.371, F3 55=1.066).

HFD and PM; 5 association promotes a decrease in muscle and pancreatic mass

As expected, HFD consumption promoted an increase in adiposity (in HFD and HFD+PM s
groups) as showed by EWAT weight/body weight percentage (Figure 1D and Supplemental
Material Figure S1). In the other hand, the association between HFD and PM, s promoted a
decrease in pancreas and muscle mass (Figure 1E and 1F, respectively). The liver mass was

not influenced by any treatment (Figure 1G).

HFD and PM,; s association change oxidative responses in nutrient metabolism related

tissues

The improvement in antioxidant response in the EWAT was able to protect to the challenges
imposed by the interventions (HFD and air pollution). The EWAT showed lower MDA
concentration, in both HFD and HFD+PM, 5 groups (Figure 2A). Was observed an increase in
the CAT and SOD activity in EWAT in groups receiving HFD, with greater response in the
HFD+PM; s group (Figure 2B and 2C).

The association HFD +PM; s promoted an increase in antioxidant response in the pancreas
(CAT activity, Figure 2E), thus, we observed a decreased in MDA concentration (Figure 2E).

However, no changes were observed in the SOD activity in this tissue (Figure 2F).

In the liver, we did not observed lipid peroxidation alterations in any groups (Figure 2G),
while, HFD +PM,; s intervention showed lower CAT activity (Figure 2H). Inversely, groups
that received HFD showed higher SOD activity, when compared with groups that was

exposure to air pollution (Figure 2I).

Gastrocnemius muscle did not show any alterations in oxidative profile (Figure 2J, 2K and

2L).
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HFD and PM;s promotes different HSP70 expression in nutrient metabolism related

tissues

We evaluated the HSP70 expression in NMRT (Figure 3A-D) and observed that the EWAT
responded to all treatments showing higher HSP70 expression compared to the CONTROL
group (Figure 3A).

On the other hand, the pancreas showed an ineffective response to the effects of HFD
consumption (HFD and HFD+PM,; s groups), as demonstrated by lower HSP70 expression
(Figure 3B).

The HFD+PM; s group showed higher HSP70 expression in liver, evidencing the ability of
this tissue to respond with a classical stress protection (Figure 3C). Gastrocnemius muscle

showed no alterations in the expression of HSP70 (Figure 3D).

The association of HFD and PM; s increased blood glucose and triglyceride levels over

the 24 weeks of intervention

We observed in the HFD group and mainly in HFD+PM, s group an increase in glycaemia,
when evaluated the IAUC of blood glucose measurements along the experimental period
(Figure 4A-B). In the same way, the association of treatments (HFD and PM; s5) promoted an
increase in triglycerides levels over the 24 weeks of intervention (Figure 4D-E). No
modifications were observed in the IAUC cholesterol (Figure 4G-H), or final values (at 24
week) of glycaemia, triglycerides and cholesterol in blood (Glycemic levels P=0.324,
F335=1.204; Triglycerides levels P=0.132, F3,s=2.084; Cholesterol levels P=0.285,
F325=1.346).

The long-term exposure to low levels of PM, s worsens the response to a glucose overload

in animals pre-treated with HFD

Long-term exposure to PM,s worsens the response to glucose overload in the glucose
tolerance test in animals previously treated with HFD (Figure 5A-K). The results of GTT
before the PM, 5 intervention (at the 4™ 8™, 12" weeks, Figure 5A-C) and after the PM, s
intervention (at the 16™, 20™ and 24™ week, Figure 5D-F), evaluated by IAUC-GTT, showed
that until the 8" week there were no effect of any treatments (4™ week in the Figure 5A and
8™ week in the Figure 5B). From the 12" week to the 20™ week of the study, the groups that
received HFD showed impaired response to a glucose overload (12th week in Figure 5C, 16"

week in Figure 5D, 20™ week in Figure 5E, respectively). However, at the 24™ week, the
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effect of the HFD+PM, s association becomes evident, by high IAUC GTT response only in
this group (Figure 5F). This results, suggests that long-term exposure to PM, s worsens the

response to glucose overload in obese mice.

Furthermore, the Figure 5G, shows important correlations between body weight and
adiposity. We observed that only the animals that received HFD showed 2% or more of
adiposity (% EWAT weight/Body weight) (right points from vertical lines) and has
simultaneously more than 30g of body weight (horizontal line) (points situated at right and
above the vertical line on Figure 5G). Since the body weight is correlated to adiposity, in our
study (P<0.001; r=0.446; Figure 5G), the effect of the association of HFD and exposure to
PM,s was evidenced by the higher positive correlation between final body weight and
adiposity only in the HFD+PM, s group (p=0.005; r=0.702; Figure 5G), this correlation was
not observed in other treatments (CONTROL P=0.070, r=0.539; PM, s P=0.459, r=0.237;
HFD P=0.484, 1=0.213).

Moreover, groups that received HFD showed more than 6.000 min.mg/dl in the IAUC-GTT
and 2% of body fat, and only the HFD+PM, 5 group showed more than 8.000 min.mg/dl in the
IAUC-GTT. The association of HFD and PM,; 5 induces metabolic impairment, characterized
with more than 2% of body fat and 30g of body weight (Figure SH).
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DISCUSSION

We hypothesized that environmental conditions could directly influence metabolic responses
in pre-existent risk profile organism, as in adiposity condition. Thus, we evidenced in our
study, changes in biometric profile, related to HFD consumption that promoted higher
percentage of adipose tissue, which is positively correlated with the increase in body weight

and obesity.

In fact, the increase in body fat was previously showed in other studies as an effect of the
consumption of HFD (Matsuzawa-Nagata et al. 2008; Yan et al. 2011). However the
environmental conditions in study, in this case, the air pollution, does not have the same effect
on adiposity in other exposure models, other researchers have shown that in intratracheal
exposure for 3 weeks (Yan et al. 2011) or exposure chamber for 12 weeks (Sun et al. 2009), it
was not observed PM, s effect on body fat mass, even when associated with HFD. In contrast,
our model showed that intranasal treatment with PM; s associated with HFD during 24 weeks,

promotes higher adiposity.

In addition to these changes (increase adipose tissue), our study showed lower growth of
muscle mass and pancreatic tissue in animals that received HFD and were exposed to PM; s.
The decrease in weight of these tissues may have contributed to the lower body weight gain,
as evidenced by the final body weight of the animals in the HFD+ PM; 5 group. Considering
that, the muscle tissue plays a key role in the metabolism regulation, especially in the
regulation of glucose levels, the lowest mass gain may be related to diabetogenic effects,

since the decrease in the muscle mass is associated to impaired glucose tolerance, a condition

for T2DM (Sone and Kagawa 2005).

This condition of tissue stress could develop initial compensatory responses, such as
expression of HSP70, a cytoprotection to muscle loss, oxidative stress and protein damage, as
a response against insulin resistance or impaired glucose uptake by muscle cells (Geiger and
Gupte 2011). However, in our study, no changes were observed in the expression of HSP70 in
this tissue.

In the same way, the lowest development of pancreatic tissue, also suggests tissue stress,
which was induced by HFD associated to PM, s. Moreover, the lower lipid peroxidation in
pancreas possibly was a result of lower mass and increase in antioxidant capacity (CAT
activity), indicate a response of tissue injured (Sone and Kagawa 2005; Buettner et al. 2007).

Levels of ROS production may increase and overwhelm antioxidant defenses, leading to
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mitochondrial dysfunction, DNA oxidation, lipid peroxidation and B-cell death. The reduction
of pancreatic B-cells, thus, causing a reduction in insulin secretion and in cell mass is a
common feature associated with both types of diabetes (T1DM or T2DM) (Newsholme et al.
2013).

In our study, HFD treated animals exposed to PM; s presented lower capacity of glycemic
control. This effect may be related to the tissue stress, and consequently a depletion of HSP70
expression in the pancreas, in animals that received HFD. As HSP70 is required for protection
of pancreatic islets, a decrease of intracellular HSP70 content (or its deficiency) might
represent a way for the development of T2DM (Bittencourt and Newsholme 2011), induced in
this case by HFD. The damage in pancreas, induced by HFD consumption, is evident in
ineffective response to the glucose tolerance test.

Beyond the effects caused by the consumption of HFD, we observed that at the 24th week,
after long-term exposures to low doses of PM, s, animals that received HFD and have been
exposed to PM; s had a worse response to the glucose overload. Previous studies showed that
long-term exposure to PM; s and HFD causes glucose intolerance in experimental models with
mice (Xu et al. 2010; Yan et al. 2011), by the exposure chamber or intratracheally. We used
intranasal instillation of low doses of PM, s (5ug/10uL), and only at the 12th week of HFD
intervention that was possible to observe the effects of HFD under the glucose intolerance.
According to Liu et al. (2013a), PM, 5 exposure attenuated whole-body insulin sensitivity and
glucose homeostasis after a substantial latency period (> 8 weeks) (Liu et al. 2013a). The
pollution introduced at the 12" week, showed no effect on the GTT IAUC up to 20 weeks of
the study, however, we found that low doses of PM, s impaired GTT response at the 24

week.

Stressful conditions established in NMRT, like pancreas, leads to changes in glucose profile
in the animals of this study, marked by the expression of HSP70. Moreover, higher HSP70
expression in liver may represent a stressed tissue, interfering in lipid profile response to the
association of HFD and PM;s. This association impairs the metabolic levels throughout the
24-week, and we propose that the modulation of HSP70 in the pancreas and liver may be

related to impaired blood glucose and interfering in triglycerides levels.

The challenge imposed by HFD+PM, s in liver is evident by higher SOD activity and HSP70
expression, which characterizes a cytoprotection response to stress. However, the increase in
antioxidant activity and overexpression of HSP70, that occurs in response to stress in attempt

to avoid liver damage, wasn’t enough to prevent metabolic disorders (increased triglyceride
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levels). We observed no modifications in cholesterol levels, because HFD-induced
hypercholesterolemia appears only with cholesterol added to the diet (Buettner et al. 2007;

Yan et al. 2011), not the case of our experiment model.

We emphasize that HFD+PM; 5 exerts systemic effects in target organs promoting metabolic
challenges. However, the key organ in this process is still an enigma that research has sought
to elucidate. According to Sun et al. (2009), metabolic changes may be due to a dysfunction in
adipose tissue, causing systemic alterations. This tissue is becoming recognized as an
important organ in the regulation of glucose metabolism, and changes in fatty acid
homeostasis has been considered as a cause of IR and T2DM (Herman 2008; Mendez et al.

2013; Schuster 2010).

Studies have shown that the adipose tissue is active in chronic inflammatory processes, such
as obesity (Schuster 2010). Xu et al. (2010), discuss in their work the term
"metainflammation”, related to metabolic dysfunction derived from inflammation, suggesting
that metabolic changes are related to an up-regulation of pro-inflammatory cytokines and
ROS production by nicotinamide adenine dinucleotide phosphate-oxidase (NADPH oxidase),

in response to the consumption of HFD and enhanced by exposure to PM; s.

The induction of ROS generation, in the EWAT (Matsuwa-Nagata et al. 2008), requires an
increased SOD activity in this tissue, as observed in our study. Additionally, the increase in
HSP70 expression is remarkably evidenced as a stress response to PM, s, such as HFD. This
cytoprotection mediated by HSP70 and SOD may have contributed to adipocytes defense
against dangerous extracellular signaling as HSP70 extracellular (eHSP70) and cytokines,
presents at high levels in the circulation in both obesity (Schuster 2010), exposure to PM (van
Eeden et al. 2001; Liu et al. 2013b), and finally, in T2DM individually (Rodrigues-Krause et
al. 2012)

We consider the adipose tissue as the central organ of metabolic dysfunction developed by
effect of both HFD and pollution. In this way, the expansion of this tissue mass, showed by
increased adiposity, leads to recruitment and activation of immune cells in metabolic tissues
(such as liver, pancreas and muscle) (Ferrante Jr 2013). To summarize our data we propose
that adiposity promote systemic metabolic effect induced by HFD diet and exposure to PM; s,
showed in Graphical Abstract (Fig. 6).

Considering the response of oxidative stress and HSP70 expression to the challenges imposed
by the association of HFD and PM,s in NMRT, we suggest that air pollution can be an
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important factor that potentiates the development of diabetes, particularly in individuals with

a pre-existing risk factor, as adiposity.

52



CONCLUSION

In conclusion, our study demonstrates that long-term exposure to PM, s markedly worsens the
glycemic response to glucose overload in animals previously treated with HFD, and promoted
relevant alterations in oxidative profile and in HSP70 expression in nutrient metabolism
related tissues, providing evidence for an important interaction between environmental and

dietary challenges.
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TABLES

Table 1. Experimental groups.

Instillation (after the first 12

Groups Diet (24 weeks)

weeks)
Control (CONTROL, n=15) standard diet (4.0 % fat) 10uL saline solution
Polluted (PM,s5, n=135) standard diet (4.0 % fat) 10uL PM,s(5ng/10uL)
High Fat Diet (HFD, n=14) HFD (60.0 % fat) 10uL saline solution
High Fat Diet Polluted (HFD+PM, 5, n=15) HFD (60.0 % fat) 10uL PM, s (Sug/10uL)
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Figure 1. Effect of PM, 5 exposure on body weight and percentage weight of tissues in mice fed with standard or
HFD for 24 weeks. (mean £ SD) (A) Body weight over the 24 weeks of study. (B) Incremental area under the
curve of the body weight over the 24 week study. *Difference between HFD vs CONTROL and PM, 5. P=0.009
F353=4.291. (C) Body weight of the animals at 24™ week of study. P=0.371 F;55=1.066. (D) Percentage of
EWAT weight/Body weight at 24™ week of study. *Difference between HFD and HFD+PM, s vs CONTROL
and PM,s. P<0.001 F;5=40.82. (E) Percentage of Pancreas weight/Body weight at 24™ week of study.
*Difference between HFD+PM,s vs CONTROL and PM,s P=0.008 F;s,=5.604. (F) Percentage of
Gastrocnemius weight/Body weight at 24™ week of study. *Difference between HFD+PM, s vs CONTROL.
P=0.028 F;5s=3.275. (G) Percentage of Liver weight/Body weight at 24" week of study. P=0.270 F;s;=1.343.
n=13-15 per group.
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Figure 2. Effect of PM, s exposure on Oxidative Stress (MDA content, activity of CAT and SOD) in mice fed
with standard or HFD for 24 weeks. (mean + SD) (A) Lipid peroxidation (MDA) in EWAT at 24™ week of
study. *Difference between HFD and HFD+PM, s vs CONTROL and PM, ;s P<0.001 F;4=8.303. (B) CAT
activity in EWAT at 24™ week of study. *Difference between HFD vs CONTROL **Difference between
HFD+PM, s vs CONTROL, PM, 5 and HFD. P<0.001 F;4=18.904. (C) SOD activity in EWAT at 24™ week of
study. *Difference between HFD vs CONTROL. **Difference between HFD+PM, s vs CONTROL and PM, 5.
P<0.001 F;35=14.085. (D) Lipid peroxidation (MDA) in pancreas at 24™ week of study. *Difference between
HFD+PM, s vs CONTROL and PM, s P=0.005 F;4=5.096. (E) CAT activity in pancreas at 24" week of study.
*Difference between HFD+PM, s vs CONTROL and PM, 5 P=0.0105 F;5;=4.157. (F) SOD activity in pancreas
at 24™ week of study. P=0.140 F54,=1.921. (G) Lipid peroxidation (MDA) in liver at 24" week of study.
P=0.174 F;3,=1.751. (H) CAT activity in liver at 24" week of study. *Difference between HFD+PM, 5 vs
CONTROL. P=0.0081 F;5;=4.384. (I) SOD activity in liver at 24™ week of study. *Difference between HFD
and HFD+PM, 5 vs PM, 5. P=0.0081 F; 4;=4.451. (J) Lipid peroxidation (MDA) in gastrocnemius muscle at 240
week of study. P=0.796 F;45=0.341. (K) CAT activity in gastrocnemius muscle at 24™ week of study. P=0.279
F;349=1.320. (L) SOD activity in gastrocnemius muscle at 24™ week of study. P=1.00 F344=0.005. n=8-15 per

group.

59



>
*
v e

10.50 « [ \ \ 1.60 «
T 9.00 { £ 1.40 A
c 8 | 5%
o ® w0 o
T 7.50 1 g @120
I =)
L~ x I~ 1.00 o
% &  6.00 + d e
g eI
S £ 450 B g
=2 450 8
g 5 E go 60 *
= 2 f g
=¥ 300 & £ 0.0 | —
w g a0
2 150 1 < % 0.20 4 -
0.00 1 0.00 r r . -.
CONTROL  PM2.5 HED  HFD+PM2.5 CONTROL  PM2.5 HFD  HFD+PM2.5

n 10.00 1

8.00 1

6.00 1

4.00 o

2.00 1

* c

— S T1.40 4
T 12,00 g8
£ % 5 & 120 4
7 Q 5
§ S o R 1.00 1
= ~ o
25 &2
& 2 9 Iogo o
(=T ] w B2
P '25060-
4= § 2
5 5 & £ 0.40 4
- £E
5 w5
2 0.20 1
i — I I &2

0.00

]

CONTROL PM2.5 HFD+PM2.5 CONTROL PM2.5 HED+PM2.5

S S

0.00

Figure 3. Effect of PM, s exposure on HSP70 expression in mice fed with standard or HFD for 24 weeks. (mean
+ SD) (A) HSP70 expression in EWAT at the 24™ week. *Difference between PM, s, HFD and HFD+PM, s vs
CONTROL. P=0.004 F;,,=9.070. (B) HSP70 expression in pancreas at the 24" week. *Difference between HFD
and HFD+PM, s vs CONTROL and PM,; 5. P=0.0009 F; 5= 8.947. (C) HSP70 expression in liver at the 24" week
*Difference between HFD+PM, s vs CONTROL. P=0.454 F;;, =4.022. (D) HSP70 expression in gastrocnemius

muscle at the 24" week P=0.5207 F;334=0.7680. n=3-10 per group.
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Figure 4. Effect of PM, 5 exposure on glycemia, triglycerides and cholesterol; the response in the ITAUC over 24
weeks; and glycemia, triglycerides, cholesterol levels at the 24™ week of the study in mice fed with standard or
HFD. (mean + SD) (A) Glycemia levels over 24 weeks of study. (B) IAUC of Glycemia levels over 24 weeks of
study. *Difference between HFD vs CONTROL,; **Difference between HFD+PM, 5 vs CONTROL and PM, s,
P<0.001, F55,=8.052. (C) Triglycerides levels of the animals over 24 weeks of study. (D) IAUC of Triglycerides
levels over 24 weeks of study. *Difference between HFD+PM, s vs CONTROL. P<0.001 F;,,=9.828. (E)
Cholesterol levels over 24 weeks of study. (F) IAUC of Cholesterol levels over 24 weeks of study. P=0.264,
F;19=1.454. n=6-9 per group.
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Figure 5. Effect of PM, 5 exposure on the response to Glucose Tolerance Test; on correlations of body weight,
% EWAT weight/body weight and IAUC of response to GTT in mice fed with standard or HFD for 24 weeks.
(mean + SD) (A) Response at the 4th week. P=0.954 F;,=0.109. (B) Response at the 8th week. P=0.071
F;335=2.554. (C) Response at the 12th week. *Difference between HFD+PM, s vs CONTROL and PM, 5. P=0.004
F33,=5.455. (D) Response at the 16th week. *Difference between HFD and HFD+PM, s vs CONTROL and
PM,s P<0.001 F;,0=20.665. (E) Response at the 20th week. *Difference between HFD vs CONTROL.
**Difference between HFD+PM, s vs CONTROL and PM, s P=0.002 F;,5=6.748. (F) Response at the 24th
week. *Difference between HFD+PM, s vs CONTROL and PM,s. P<0.001 F;3;s=11.106. (G) Percentage of
EWAT weight/body weight versus Body weight. Pearson correlation test. (H) Percentage of EWAT weight/body
weight versus IAUC response to GTT at the 24™ week. Pearson correlation test. n=5-14 per group.
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Figure 6. Graphical Abstract demonstration of the effects of the association between dietary fat diet and long-
term exposure to inhaled air pollution (PM, ). In our study (A) HFD+PM, s promoted an increase in adipocytes
(EWAT mass), which showed high protection capacity, showing higher HSP70 expression and SOD activity. (B)
The expansion of this tissue, led to lower muscle mass. (C) HFD intake and signaling from adipose tissue
requires adequate response of the liver, which showed a strong protection against oxidative cellular damage
(higher SOD activity and expression of HSP70), but was not able to prevent the increase in circulating
triglycerides, when associated with PM, s exposure. (D) This systemic metabolic modification was also promoted
by the pancreas, which showed to be insufficient to produce cellular defenses. Lower expression of HSP70 in
this tissue is connected as a marker of cellular dysfunction, also showed lower mass and MDA content, thus
increasing the levels of glucose in the blood. (E) Therefore, the results presented in this study (increased
triglycerides, glycemia and glucose intolerance) showed that the association of HFD and PM, 5 exposure is a risk
for the development of metabolic diseases, such as type 2 diabetes mellitus.
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SUPPLEMENTAL MATERIAL

HFD+PM2.5

HFD

PM2.5

CONTROL

Supplemental Material, Figure S1. Effect of PM, 5 exposure on anatomic adiposity (EWAT gain) in mice fed
with standard or HFD for 24 weeks. (A) CONTROL, (B) PM, s (C) HFD and (D) HFD+PM, s.
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CONCLUSAO
Nosso estudo demonstrou que a associacao entre consumo de dieta hiperlipidica e

exposicao cronica a polui¢do atmosférica por material particulado fino promove:

a) Aumento na adiposidade, com consequente desenvolvimento de obesidade.

b) Redu¢do de massa muscular e pancreatica, sugerindo dano tecidual.

c) Diferentes respostas no perfil oxidativo e na expressao de HSP70 nos tecidos
relacionados ao metabolismo, evidenciando prejuizo aos tecidos metabdlicos.

d) Aumento nos niveis de Glicemia e Triglicerideos, demostrando agravo no metabolismo
glicémico e lipidico.

e) Prejuizo na resposta a uma sobrecarga de glicose, sugerindo desenvolvimento de

intolerancia a glicose.

Desta forma, nosso estudo sugere que os desafios impostos pelo consumo de dietas
ricas em gordura, desenvolve um fator de risco pré-existente, como a obesidade, aumentando
a susceptibilidade aos efeitos da exposi¢do a poluicdo atmosférica, que agrava condi¢des
metabolicas, sendo potencial fator de risco para o desenvolvimento de diabetes. Entretanto,
mais estudos serdo necessarios para investigar qual o tecido chave neste processo, € quais 0s

efeitos da via inflamatoria no prejuizo destas condigdes.
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INSTRUCTIONS TO AUTHORS
Who We Are
What We Publish

About Your Manuscript

Manuscript Preparation

EHP Style

Manuscript Submission

Publication Sequence

Types of References (complete list)

Abbreviations

EHP Instructions to Authors PDF (264 KB)

WHO WE ARE

Environmental Health Perspectives (EHP) is a monthly open-access journal that publishes
peer-reviewed research and news concerning human health and the environment. One of the
overarching principles of the journal is to provide a forum for the objective and balanced
presentation of scientifically credible information. Although EHP is sponsored by the
National Institute of Environmental Health Sciences (NIEHS), its editorial policies are
independent of the institute.

In 2004 EHP became an open-access journal. All content published since the beginning of the
journal in 1972 is available free online. EHP is committed to promoting the discussion and
exchange of information internationally.

WHAT WE PUBLISH

The environmental health sciences include many fields of study and increasingly comprise
multidisciplinary research areas. EHP publishes articles from a wide range of scientific
disciplines encompassing mechanistic research, experimental and observational human
studies, and in vitro and in vivo animal research with a clear relationship to human health
effects. Studies involving exposure science, climate change, ecologic issues, or effects on
wildlife populations are welcome, but the relevance of the findings to human health should be
made clear. EHP also addresses ethical, legal, social, and policy issues related to

environmental public health. Because children are uniquely sensitive to their
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environments, EHP devotes a research section specifically to issues surrounding children’s

environmental health.

EHP provides additional information on environmental health issues through its News and
Editorials. Although EHP welcomes ideas for News and Editorials, the journal does not
accept unsolicited manuscripts of these types. Please contact the Editor-in-Chief for further

information.
ABOUT YOUR MANUSCRIPT

All papers submitted to EHP are evaluated by a group of consulting editors to determine
whether the topic is within the scope of the journal and to evaluate adherence to word limits
and journal format. Papers also are assessed for originality, scientific quality, environmental
health significance, clarity of presentation, and conciseness. Before papers are sent for peer

review, they are screened for possible plagiarism (seeScientific Integrity below), and authors

must submit a Competing Financial Interests Declaration form on behalf of all authors

(see Competing Financial Interests below). Papers selected for review are assigned to an

Associate Editor, who identifies reviewers and makes recommendations to the Editor-in-
Chief. Members of the Editorial Review Board serve as a pool of potential reviewers of
papers. Both the Board of Associate Editors and the Editorial Review Board are composed of
leading scientists from all segments of the environmental health sciences. The overall

acceptance rate of papers submitted to the journal in 2011 was 15%.
a) Types of Manuscripts

Manuscripts in the categories below are considered for publication. All manuscripts are peer

reviewed except Correspondence. See Article Lengthbelow for details concerning word

limits.

Correspondence (< 750 words) should address specific scientific issues or questions raised
by Research or News Articles published in the journal within the previous 6 months. Authors
of papers cited in Correspondence will be given the opportunity to respond. Letters addressing
issues raised in previously published letters are discouraged. Correspondence may include a
brief table or small figure if it is critical to the discussion. New data must not be included.
Authors may include data from or redrawing of previously published materials as long as the
work is cited and written permission from the original authors and/or publishers has been
granted for republication in both printed and electronic form. Each figure is considered

equivalent to 250 words toward the total word count. Correspondence that cites abstracts or
o/



unpublished observations is not acceptable and will not be published. Letters that are highly
polemic or personal in nature will not be published. Correspondence is not peer reviewed and
is published at the discretion of the EHP editors. Conclusions and opinions expressed by the

authors do not necessarily reflect the policies of EHP.

Commentaries (< 5,000 words) present information and personal insight on a particular
topic. Commentaries should not be extended critiques of single articles appearing in EHP or
elsewhere. Factual data should be included to substantiate arguments. EHP reserves the right
to reject Commentaries without review if they are perceived as being too polemic or personal
in nature. EHP also reserves the right to propose that Commentaries be reviewed as one side
of a point/counterpoint debate. Assuming the original author agrees, EHP will ask another
author to address the opposite side of an argument. If both papers are accepted, EHP will
publish them together. Manuscripts on ethical, legal, social, or policy issues may also be

accepted in this category.

Research Articles (< 7,000 words) report original scientific research and discovery. Research
Articles may come from any field of scientific research relevant to the study of human health

and the environment.

Emerging Issue Reviews (< 5,000 words) identify emerging ideas, concepts, or trends in the
area of environmental health sciences. These papers have a highly focused narrative and a
limited set of references. Because the intent of the Emerging Issue Review is to get novel

ideas into the literature in a timely fashion, the review of these manuscripts will be expedited.

Substantive Reviews (< 10,000 words) provide an overview, integration of information, and
critical analysis of a particular field of research or theme related to environmental health
sciences. Previous research should be comprehensively reviewed regardless of whether the
findings are consistent with expectations or the review authors’ hypotheses. It is appropriate
for authors to discuss the strengths and weaknesses of individual studies, focus on high-
quality studies that add to the weight of the evidence on the topic under review, identify
information gaps, and make recommendations for future research. Lengthy historical

perspectives generally are not appropriate.

Quantitative Reviews and Meta-Analyses (< 10,000 words) present, contrast, and (when
appropriate) combine data across studies to address a specific study question related to
environmental health. Inclusion criteria and strategies used to search the literature should be
explicitly described, along with analytic methods used to evaluate or combine data. The
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potential for publication bias and heterogeneity among studies should be investigated, and
graphical displays of data contributed by individual studies are encouraged. The strengths and
weaknesses of individual studies and potential causes of discordant findings among studies
also should be discussed. As with Substantive Reviews, authors should integrate and critically
analyze information from previous research, identify information gaps, and make

recommendations for future research.

Reviews Based on Meetings or Conferences (< 10,000 words) should review the state of the
science for a particular area, identify research gaps and needs, and explain how the outcome
of the meeting or conference addresses those gaps and needs. These reviews should focus on
the science or theme but not on the conference or meeting itself. De novo data, participant
lists, dialogue of workgroups or committees, and discussion of the internal organization of the
meeting are not allowed. These papers should be submitted to EHP no more than 1 year after
the meeting or conference takes place. Prospective authors should consult with the Editor-in-

Chief before submitting a review based on a meeting or conference.
b) Originality of Submission

Contributions submitted to EHP must be original works of the author(s) and must not have
been previously published in print or online or simultaneously submitted to another
publication. Previously published material (e.g., figures, tables) may be included in
Commentaries and Reviews, assuming the original authors have given permission to
reproduce the material and all copyright issues have been resolved. For original Research
Articles, previously published schemata or illustrative figures are acceptable with the proper
attribution. Text or narrative from guidance documents, technical reports, and position papers
by various government and nongovernmental organizations may be considered if they include
new information. EHP will consider papers from dissertations that have been published in
their entirety by a university in partial fulfillment of a degree. Manuscripts presented at a
scientific meeting but not published in full or under review for publication elsewhere also will
be considered. Previously published material may be included in the Supplemental Material of
the paper. As indicated in Uniform Requirements for Manuscripts Submitted to Biomedical
Journals: Writing and Editing for Biomedical Publication (International Committee of
Medical Journal Editors), it is the responsibility of the author to make a full statement to the
editor concerning materials in a manuscript that might be considered redundant or duplicative.

For additional clarification, please contact the Editor-in-Chief.
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c) Scientific Integrity

EHP requires assurances that animals used in a study have been treated humanely and with
regard for the alleviation of suffering. Research involving humans must have been conducted

according to the Common Rule. Research involving humans also must be approved by an

appropriate institutional review board and comply with all relevant national, state, and local
regulations. For research conducted outside the United States and thus exempt from U.S.
federal regulations, authors must perform the research in accordance with principles of

the Declaration of Helsinki. Approval and compliance with research requirements regarding

human subjects must be noted, and information regarding informed consent procedures must

be described in the “Methods™ section of manuscripts concerning human subjects research.

EHP is sometimes confronted with issues regarding potential research misconduct, such as
plagiarism or data fabrication. Authors should be aware that all papers submitted to EHP are
screened routinely for plagiarism, defined as “the appropriation of another person’s ideas,
processes, results, or words without giving appropriate credit” (American Medical
Association. 2007. AMA Manual of Style: A Guide for Authors and Editors, 10th edition.
New York:Oxford University Press). Instances of documented plagiarism and allegations of
data fabrication will be brought to the attention of the authors’ host institutions. Documented
cases of plagiarism or data fabrication could lead to a 3-year ban on future publication

inEHP by the authors, a published Expression of Concern, and/or retraction of the paper.
d) Dual-Use Research

EHP anticipates receiving submissions on research that, based on current understanding, can
be reasonably anticipated to provide knowledge, products, or technologies that could be
directly misapplied by others to pose a threat to public health and safety, agriculture, plants,
animals, or the environment (also known as dual-use research). Papers flagged for dual-use
issues by EHP editors will undergo an additional level of review concerning the implications
to society of publishing such a paper, and EHP reserves the right to seek expert advice in such
cases. Authors should be aware that EHP could determine that the risks to public health and
safety of publishing the paper outweigh the benefits of publishing, even if the paper has

otherwise been deemed acceptable for publication.
e) Competing Financial Interests

EHP has a policy of full disclosure. Authors must declare all actual or potential competing

financial interests involving people or organizations that might reasonably be perceived as
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relevant. Disclosure of competing interests does not imply that the information in the article is
questionable or that conclusions are biased. Decisions to publish or reject an article will not

be based solely on a declaration of a competing interest.

For each manuscript, authors must submit a Competing Financial Interests Declaration (CFI)

form. Papers will not be processed for peer review unless a CFID form has been submitted.

Authors of Correspondence and Editorials also are required to submit a CFID form.

Authors must disclose all actual or potential competing financial interests occurring within the

last 3 years, including but not limited to

Grant support

Employment (past, present, or firm offer of future)
Patents (pending or applied)

Payment for expert witness or testimony

Personal financial interests by the authors, immediate family members, or institutional

affiliations that may gain or lose financially through publication of the article

Forms of compensation, including travel funding, consultancies, board positions, patent and
royalty arrangements, stock shares, or bonds. Diversified mutual funds or investment trusts do
not constitute a competing financial interest. Authors should carefully examine the wording of
documents such as grants and contracts to determine whether there might be an actual or

potential competing interest.

Employment of any author by a for-profit or nonprofit foundation or advocacy group or work

as a consultant also must be indicated on the CFID form.

As a condition of review and publication, authors must further certify that their freedom to
design, conduct, interpret, and publish research is not compromised by any controlling

Sponsor.

A statement of disclosure consistent with the information contained in the CFID form must be
included in the Acknowledgments section of the manuscript submitted to the journal. If there
are no actual or potential competing financial interests, a declaration of “no competing

financial interests” must be included in the Acknowledgments of the manuscript.

Editors and reviewers also must disclose to the Editor-in-Chief any actual or potential
competing interests, both financial and nonfinancial, that have occurred within the last 3 years

71



and could reasonably be perceived as relevant. Competing nonfinancial interests include
former or current mentor—student relationships, faculty appointments in the same department
or organization, familial relationships, service on advisory boards that oversee the research
under review, collaborations, or membership in organizations that hold ideological views that

are contradictory to the theme or topic under review.

EHP relies on the integrity of all authors to provide accurate disclosure statements. However,
authors can expect scrutiny of their statements by the editors, reviewers, and readership.
Alleged inaccuracies of declared competing interests should be addressed to the Editor-in-
Chief. EHP will impose a 3-year ban on publication in EHP by any authors found to have
willfully failed to disclose a competing financial interest. A paper may also be retracted or an

Expression of Concern published and appended to the article.
MANUSCRIPT PREPARATION
)] Article Length

All words in the main text, title pages, abstract, tables, and references count toward EHP word
limits. In addition, each figure is counted as 250 additional words. Manuscripts that do not
conform to the word limits may be returned to the author(s) for revision before the review
process is initiated. Depending on the topic and potential impact of a paper, the Editor-in-
Chief reserves the right to waive word limits. Authors should consider placing some types of
information such as lengthy descriptions of previously published methods into Supplemental
Material; however, these methods must be summarized briefly in the text of the paper.
Information included in Supplemental Material does not count toward the word limit. The

judicious use of references also may help meet the following word limits:
Correspondence: < 750 words

Commentaries: < 5,000 words

Research Articles: < 7,000 words

Emerging Issue Reviews: < 5,000 words

Substantive Reviews: < 10,000 words

Quantitative Reviews and Meta-Analyses: < 10,000 words

Reviews Based on Meetings or Conferences: < 10,000 words
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g) Parts of a Manuscript
Title Pages

The title pages should include the following items in the order shown, beginning on the first

page of the manuscript:

Manuscript title, not to exceed 20 words [titles generally should not contain abbreviations or

numerical values, with the exception of abbreviated study names (e.g., NHANES)]
Names of the authors spelled out in full
Affiliations of all authors (department, institution, city, state/province, and country)

Name of and contact information for corresponding author to whom page proofs should be
sent, including complete address for express mail service, telephone number, and e-mail

address

A short running title, not to exceed 50 characters and spaces

5-10 key words, listed in alphabetical order, for indexing purposes
Acknowledgments, including grant information

A competing financial interests declaration

A list of relevant abbreviations and definitions used in the manuscript.

Abstract

All papers must include a structured abstract of < 250 words, which should not contain
references. No information should be reported in the abstract that does not appear in the text
of the manuscript. In general we recommend that authors indicate study names or sources of
data that are integral to the study in the title or abstract. Conclusions should mention the
relevance of the work to environmental health science. Headings to be used in the structured

abstracts vary by article type as described below:
Commentaries: Background, Objectives, Discussion, Conclusions

Research Articles, Quantitative Reviews, and Meta-Analyses: Background, Objectives,

Methods, Results, Conclusions

Substantive Reviews, Emerging Issue Reviews, and Reviews Based on Meetings or

Conferences: Background, Objectives, Methods, Discussion, Conclusions

Main Text
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The organization of the text will vary by article type and roughly reflects the structure of the

abstract with some exceptions as described below:

Commentaries: Introduction (comprising the Background and Objectives stated in the

abstract), Discussion, Conclusions

Research Articles: Introduction (comprising the Background and Objectives stated in the
abstract), Methods, Results, Discussion, Conclusions. Concise subheadings (< 8 words each)
may be used to designate major topics within each of these sections; do not include tables and

figures in these headings.

Reviews: Introduction (comprising the Background and Objectives stated in the abstract),

Methods (including data sources), Results (as appropriate), Discussion, Conclusions
References, Tables, Figures, and Supplemental Material

The following items should be provided after the main text of the paper in this order:
References, Tables, Figure Legends, Figures, Supplemental Material. The References, Tables,
and Figure Legends must each begin on a new page of the manuscript. Figures and
Supplemental Material should be provided as separate files. Additional information

concerning each of these sections is provided in EHP Style below.
h) Conformance to EHP Style Guidelines

Manuscripts submitted to EHP must conform to all EHP style requirements as described
in EHP Style below. Authors should take special note of requirements for citations and
references, figures, and tables. Manuscripts that do not conform to style requirements may be
returned to the authors for modification before the initiation of the peer-review process. This
step will cause a significant delay in the review and possible acceptance of the manuscript.

All manuscripts must be submitted to EHP in English.
i) Manuscript Formatting

Manuscript pages must be numbered consecutively, beginning with the title page, and lines
should be numbered in the original submission and all subsequent revisions. The manuscript
must be prepared using Times New Roman font at 12-point size. The manuscript must be

double-spaced, with all margins set at 1 inch.
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For additional information, see the AMA Manual of Style: A Guide for Authors and Editors,
10th edition (American Medical Association 2007). A basic source for spelling is Merriam-

Webster’s Collegiate Dictionary, 11th edition.

Resources for assistance with research, presentation, and language are available from the

following organizations:

International Committee of Medical Journal Editors (Uniform Requirements for Manuscripts

Submitted to Biomedical Journals: Writing and Editing for Biomedical Publication)
AuthorAID.
EHP STYLE

Jj) Plain Language

EHP covers all disciplines engaged in the broad field of environmental health sciences.
Therefore, authors should write in a clear and simple manner, in the active voice, and avoid
unnecessary jargon, so the article is understandable to readers in other disciplines and to those
whose first language is not English. In deference to the breadth of the journal’s readership,
please define terms that may not be universally recognized among all environmental health

scientists.

Clearly define all outcomes, exposures, predictors, confounders, and covariates, and describe
the methods or assays used to characterize study data. Results should be presented in a clear
and unambiguous manner. Comparison groups or reference conditions should be clearly
indicated when reporting measures of association or effect and when reporting p-values for

statistical tests comparing outcomes or effects between groups.

We recommend against the use of “-fold” terminology because it can be difficult to determine
whether it is being used to describe relative versus absolute differences or changes between

groups or conditions.

Whenever possible, provide an estimate of variability or precision when reporting measures of
association or central tendency (e.g., confidence intervals, standard deviations, interquartile

ranges), regardless of whether p-values are also reported for these estimates.
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k) Abbreviations

All abbreviations, including abbreviations for elements (e.g., Fe, Cu) and chemical
compounds [e.g., polychlorinated biphenyls (PCBs), carbon dioxide (CO,)], should be

defined in the text on first use with abbreviations used thereafter.

Units of measure should be abbreviated only when a specific amount is given (e.g.,

“concentration of 10 ng/mL” versus “units of nanograms per milliliter”).
l) In-Text Citations and Reference Lists

References and citations must be formatted according to EHP style as described below. This
will reduce copyediting time and the number of author queries included in page proofs.
Authors should double-check all references for accuracy and completeness of information,
spelling, diacritical marks, symbols, subscripts/superscripts, and italics. Authors are fully

responsible for the accuracy of their references.
In-Text Citations

All in-text citations must be in name/date form. Place the citation immediately after the
textual information cited, placing name and date within parentheses without a

comma. EndNote is a useful source for EHP reference style.

Single author: (Wing 2002)

Two authors: (Wing and Wolf 2000)

Three or more authors: Use first author’s last name plus “et al.” (Wing et al. 2008)

Multiple sources cited at one time: List publications alphabetically by author in the citation.
Separate publications by the same author(s) with commas and those by different authors with
semicolons: (Aldridge et al. 2005; Jameson et al. 2006; Levin et al. 2007; Slotkin 2004a,
2004b; Slotkin et al. 2008)

Multiple sources cited at one time with different first authors but same last name and date:

Use first author’s last name plus initial(s) (Smith A 2000; Smith J 2000).
Provide references for any quotations used in the text. For example:

According to Rubin et al. (2001), “it is only with a multidisciplinary and collaborative
approach that the environmental and public health significance of Pfiesteria will be fully

understood.”
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All manuscripts submitted but not yet accepted, unpublished data, and personal
communications—any items that must be cited but are not accessible to the public—must
appear in the text in parentheses but should not be listed in the references: (Ramsdell JS,

Moeller PDR, personal communication); (Reeves MK, unpublished data).
Reference List

Authors are fully responsible for the accuracy of their references. The list of references should

begin on a new page after the Conclusions of the manuscript. All references must include

Author/editor last name plus initials (for six or fewer authors; if there are more than six

authors, use “et al.” after the sixth) or authoring agency
Year of publication
Full title of article or chapter (lower case)

Title of journal (abbreviated according to BIOSIS, Index Medicus, or PubMed) or

book/proceedings in title case
For books and meeting reports, city/state/country of publication and name of publisher
Volume and inclusive page numbers

DOI number, if available, with online publication date; this information is required for articles

published online only.
If you are uncertain what to include, please include all information.

List references alphabetically by the last name of the first author. If the first author has more
than one publication, list references in alphabetical order (letter by letter) of subsequent
authors. If the first author shares the last name with another first author (Smith JM vs. Smith
RB), alphabetize by initials. If you list more than one publication by the same author/group of
authors, arrange publications by date, early to late. If you list more than one publication
published in the same year by the same author/group of authors, use a, b, ¢, and so on to

distinguish the publications.
Sample Alphabetical List

Slotkin TA. 2004a. Cholinergic systems in brain development and disruption by
neurotoxicants: nicotine, environmental tobacco smoke, organophosphates. Toxicol Appl

Pharmacol 198:132-151.
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Slotkin TA. 2004b. Guidelines for developmental neurotoxicity and their impact on
organophosphate pesticides: a personal view from an academic perspective. Neurotoxicology

25:631-640.

Slotkin TA. 2005. Developmental neurotoxicity of organophosphates: a case study of
chlorpyrifos. In: Toxicity of Organophosphate and Carbamate Pesticides (Gupta RC, ed). San
Diego:Elsevier Academic Press, 293-314.

Slotkin TA, MacKillop EA, Ryde IT, Tate CA, Seidler FJ. 2007. Screening for developmental
neurotoxicity using PCI12 cells: comparisons of organophosphates with a carbamate, an

organochlorine and divalent nickel. Environ Health Perspect 115:93-101.

Slotkin TA, Persons D, Slepetis RJ, Taylor D, Bartolome J. 1984. Control of nucleic acid and
protein synthesis in developing brain, kidney, and heart of the neonatal rat: effects of a
difluoromethylornithine, a specific, irreversible inhibitor of ornithine decarboxylase.

Teratology 30:211-224.

Slotkin  TA, Seidler FJ. 2007. Comparative developmental neurotoxicity of
organophosphates in vivo: transcriptional responses of pathways for brain cell development,

cell signaling, cytotoxicity and neurotransmitter systems. Brain Res Bull 72:232-274.
m) Types of References
Journal article—conventional reference

Lewin SW, Arthur JR, Riemersma RA, Nicol F, Walker SW, Millar EM, et al. 2002.
Selenium supplementation acting through the induction of thioredoxin reductase and
glutathione peroxidase protects the human endothelial cell. Biochim Biophys Acta 1593:85—
92.

Journal article—DOI reference

Fanshawe TR, Diggle PJ, Rushton S, Sanderson R, Lurz PWW, Glinianaia SV, et al. 2007.
Modelling spatio-temporal variation in exposure to particulate matter: a two-stage approach.

Environmetrics; doi:10.1002/env.889 [Online 17 December 2007].
Journal article—conventional reference and DOI reference

Berglund M, Lind B, Bjérberg KA, Palm B, Einarsson O, Vahter M. 2005. Inter-individual
variations of human mercury exposure biomarkers: a cross-sectional assessment. Environ

Health 4:20; doi:10.1186/1476-069X-4-20 [Online 3 October 2005].
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Journal article, “in press”

Theppeang K, Glass TA, Bandeen-Roche K, Todd AC, Rohde CA, Schwartz BS. In press.
Sex and race/ethnicity differences in lead dose biomarkers: predictors of lead in blood, tibia,

and patella in older, community-dwelling adults in an urban setting. Am J Public Health.
Chapter in edited book

Clark K, Cousins I, MacKay D, Yamada K. 2003. Observed concentrations in the
environment. In: The Handbook of Environmental Chemistry, Vol 3, Part Q: Phthalate Esters
(Staples CA, ed). New York:Springer, 125-177.

Agency as author

Institute of Laboratory Animal Resources. 1996. Guide for the Care and Use of Laboratory
Animals. 7th ed. Washington, DC:National Academy Press.

Proceedings

Zaslavsky I, Pezzoli K, Valentine D, Lin A, Sarabia H, Ellisman MH, et al. 2006. Integrating
GIS and portal technologies for assessing environmental health impacts of Hurricane Katrina.
In: Proceedings from the Second International Conference on Environmental Science and
Technology, 19-22 August 2006, Houston, TX, Vol 2 (Starrett SK, Hong J, Lyon WG, eds).
Houston, TX:American Science Press, 385-390.

Website

NTP (National Toxicology Program). 2008. NTP-CERHR Monograph on the Potential
Human Reproductive and Developmental Effects of Bisphenol A. NIH Publication no. 08-
5994.

Available: http://cerhr.niehs.nih.gov/evaluations/chemicals/bisphenol/bisphenol.pdf [accessed

24 June 2010].

(Additional reference samples are available below.)
n) Footnotes

Do not use footnotes. Place all textual information within the manuscript and all references in

the proper form both in text and in the reference list.
0) Preparing Tables and Figures

Tables
Each table must begin on a new page after the References. Tables must be numbered with
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Arabic numerals, followed by a brief title (not to exceed 25 words). Tables should contain no
more than three layers of column headings, and the entire table should fit on one journal page
or less. Large tables may be published online as Supplemental Material. A column heading
must be provided for each column. Rather than placing additional column heads in the middle
of a table, a new table should be created. Tables must be created using the Table feature in
Microsoft Word. List abbreviations and definitions under each table. Type footnotes directly
after the abbreviations, beginning on the next line. General footnotes to tables must be
indicated by lowercase superscript letters beginning with “a” for each table. Footnotes
indicating statistical significance must be identified in the following order: asterisks (*, **),
number signs (*, ), and daggers (", ). The comparison to which the p-value applies must be
clearly indicated (e.g., “compared with untreated controls”). For presentation of data in tables,
please use the “+” symbol for arithmetic mean and standard deviation or standard error (e.g.,
“mean + SE”) and parentheses for the standard error when presented with the geometric mean
[e.g., “GM (SE)”]. Please present number and percent as “n (%)” (i.e., in one column
separated with one space). Confidence intervals should be presented in parentheses in the

same column as the point estimate, with the upper and lower bounds separated by a comma

[e.g., (0.1, 2.3)].
Figure Legends

Figure legends should be provided on a new page after tables. Each figure legend should
include a title for the entire figure and descriptors for each panel [e.g., “Figure 1. Incidence of
hepatocellular adenomas (4) and carcinomas (B) in mice exposed to DEHP”]. Define error
bars and any abbreviations not defined in the text. Footnotes indicating statistical significance
must be identified in the following order: asterisks (*, **), number signs (#, ##), and daggers
(f, T7). The comparison to which the p-value applies must be clearly indicated (e.g.,
“compared with controls from the corresponding age group”). Type footnotes directly after

the abbreviations beginning on the next line.

Figures

Each figure must be provided as a separate file in one of the following formats: TIFF, JPG,
EPS, or PDF. Do not embed figures in the main text (Microsoft Word) file. Each figure must
be labeled with the figure number. For TIFF or JPG format, the resolution should be 300 dpi
for color images, 600 dpi for grayscale images, and 1200 dpi for line art (black-and-white art).
JPG files should be saved on the “highest quality” setting. Color images should be RGB and
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saved at a minimum of 8§ bits per channel. Because figures may be reduced or enlarged to fit
our layouts, sufficient resolution is essential. Vector images should be saved as editable EPS
files. Any images embedded in the EPS should also be included in a separate file. Do not

convert text to path outlines before submission.

Graphics must fit standard letter-size paper (8.5 x 11 inches, portrait orientation). Multiple
panels within a figure also must fit on a single page. All letters, numbers, and lines must be
clearly legible and easy to differentiate. Provide a key defining representational elements
(e.g., dotted/dashed lines, symbols) for each figure. All axes must be clearly labeled, giving
both the measure and the unit of measurement where applicable. Consistency among terms
and styles (including symbols and colors) used in figures is desirable. For example, if a black
circle represents the control in Figure 1, a black circle (or a black bar) should be used for
controls in all other figures. Photomicrographs should include a scale bar in each image, and

the length should be specified in the typed figure legend (e.g., “bar = 10 um™).

EHP editors reserve the right to request that complex figures (e.g., figures with multiple
panels showing information in a variety of formats, or that include panels related to different
experiments) be divided into separate figures for publication. Questions concerning figures

should be directed to EHPmanuscripts@niehs.nih.gov.

Image Integrity

Adjusting an image for brightness and contrast is acceptable if it is applied to the entire
image. Background data of gels and blots must not be removed. The final image must

accurately represent the original data.
p) Supplemental Material

EHP welcomes reasonable amounts of material suitable for inclusion as online documentation
for submitted manuscripts. Examples are bioinformatic data, formulae, statistical derivations,
full gene data and analysis, additional high-resolution microscopic data, kinetic analyses, and
other supporting tables, figures, or videos. The submitted manuscripts must be able to stand
alone in the absence of Supplemental Material. All information included as Supplemental
Material should be directly relevant to the article and cited in the main body of the paper. The
principal methodological approach must be clearly described in the main body of the paper

and not relegated to Supplemental Material.
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Supplemental Material must not exceed 2,000 words, including text, tables, references, and
figure legends plus an additional 250 words per figure. If the Supplemental Material exceeds
this limit, the author must request a waiver from the Editor-in-Chief before the paper is
submitted to the journal. Authors may provide a separate (ideally permanent) web repository
for information that is not included in the Supplemental Material file if they believe it would
be of interest to readers. This material should be clearly identified as not peer reviewed. This
information should be cited in the text and included in the reference list (formatted as a

website).

Information included as Supplemental Material does not count toward the word count for the
paper. Supplemental Material must be uploaded as a separate single PDF file and labeled as
such. Supplemental Material will be peer reviewed along with the manuscript and thus must

meet the same rigorous standards.

Supplemental Material PDF files are linked to papers through a common DOI number. We
use Supplemental Material files “as is” (i.e., EHP will not copyedit or reformat the file).
Therefore, please carefully check files to confirm that they are complete, accurate, and ready

for publication.
Provide a single Supplemental Material file in PDF format.

Begin the file with a title page that indicates “Supplemental Material” followed by the title of
the paper and the author list.

Include page numbers, but remove all line numbers before generating the PDF file.

Provide a Table of Contents (on or after the title page) if the Supplemental Material comprises

multiple tables, figures, and/or sections of text.

Place figure legends below corresponding figures. Landscape (versus portrait) layout may be

used when needed.

Tables or figures included in the Supplemental Material should be labeled as Supplemental
Material, Table S1; Supplemental Material, Figure S1; and so on.

When referring to Supplemental Material in the main manuscript, indicate the table, figure, or
section as follows: See Supplemental Material; see Supplemental Material, Table S1; see

Supplemental Material, p. 6; see Supplemental Material, Part 2.
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A separate reference list must be included in the Supplemental Material file for any sources

cited in the Supplemental Material, even if they are cited in the main paper.
q) Public Databases

Manuscripts using microarrays must follow the Minimum Information About a Microarray
Experiment (MIAME) guidelines developed by the Microarray Gene Expression Data
(MGED) Society. On acceptance, all integral data supporting the article’s conclusions should

be submitted to either the ArrayExpress or GEO database.

MANUSCRIPT SUBMISSION
r) Manuscript Central

Manuscripts submitted to EHP will be processed using Manuscript Central, an online

manuscript submission and tracking program.
s) Initial Submission of a Manuscript

Authors should either log in or select the “Create a New Account” icon to create a new

account. To determine if an account exists, e-mailEHPmanuscripts@nichs.nih.gov. Once

logged in to the Manuscript Central site, authors must select the “Author Center” link. From
this point, the system will guide the user through the submission process. Online help is
available at all times during the process via the “Get Help Now” button in the upper right
corner of the screen. Users may also exit and reenter the submission process at any time

before completing a manuscript submission.

After completing an online submission, authors must submit a CFID form as soon as possible.
The assigned manuscript number should be noted on the form. Authors should complete and
sign the form, then submit a scanned document by e-mail to EHPmanuscripts@niehs.nih.gov.

Completed forms may also be faxed to (301) 480-2956.

Authors can monitor the progress of submissions at any time by logging in to the Author
Center using their ID and password. Forgotten passwords may be obtained by entering your e-

mail address in the “Password Help” section of EHP’s Manuscript Central homepage. If an

account exists, instructions for resetting the password will be e-mailed to the user.

Manuscripts may be submitted only via the online system. Manuscripts submitted by other

methods (e.g., hard copy, e-mail) will not be processed.
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t) Required Cover Letter
A cover letter must accompany the manuscript and include the following points:

Assurances that the manuscript @) is an original work, ) has not been previously published

whole or in part, and ¢) is not under consideration for publication elsewhere

A statement that animals used in research have been treated humanely according to
institutional guidelines, with due consideration to the alleviation of distress and discomfort.

The source of those guidelines must be provided

A statement that participation of human subjects did not occur until after informed consent

was obtained

Confirmation via the required CFID form that all authors have disclosed any actual or

potential competing interests regarding the submitted article and the nature of those interests

If applicable, written permission from any copyright holder (usually the publisher) to
reproduce figures, tables, questionnaires, or a substantial block of text in both print and

electronic forms

A statement indicating that all authors @) have read the manuscript, b) agree the work is ready

for submission to a journal, and c¢) accept responsibility for the manuscript’s contents

The names and e-mail addresses of up to six possible preferred reviewers, as well as up to six

nonpreferred reviewers for the manuscript

If applicable, a statement concerning previous publication of a manuscript or materials that

might be considered redundant or duplicative.
u) Peer Review

Manuscripts are assessed for originality, scientific quality, environmental health significance,
clarity of presentation, and conciseness. Scientific quality and environmental significance

have a higher weight than the other criteria.

All new submissions undergo an initial review by a group of consulting editors. Authors will
be notified within 1-3 weeks if their paper is not selected for peer review based on the
evaluation. Papers selected for peer review (~ 20% of new submissions) are assigned to an
Associate Editor, who identifies at least two peer reviewers and makes recommendations to
the Editor-in-Chief based on their reviews. Reviewer names are not provided to authors, but
author names are available to reviewers. Reviewers are asked to complete their review within
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2 weeks. Authors may nominate up to six preferred reviewers for the manuscript. Providing
the names and contact information, including e-mail addresses, is strongly encouraged.

Authors may also identify up to six nonpreferred reviewers.

After editorial consideration, a decision letter and reviewers’ comments will be e-mailed to
authors. If a revision of the manuscript is required, authors must submit the revised
manuscript to EHP within six weeks of the request. If authors fail to meet this deadline, the
submission will be canceled unless the authors have obtained prior permission for an
extension from the Editor-in-Chief. Authors must submit both the revised manuscript and a

letter responding to reviewers’ comments.
v) Resubmission of a Revised Manuscript

If EHP requests revisions or accepts the manuscript, authors will need to submit all of the

following through Manuscript Central:

All text, tables, and figure legends must be in one Microsoft Word document. Please ensure
that any symbols and equations appear correctly on printed copies and that all figures and

tables are cited in the body text in numerical order.

Each revised figure must be submitted as a separate file in one of the following formats: TIFF,
JPG, EPS, or PDF. Each figure must be labeled with the correct figure number for the revised
manuscript. Additional information on formatting and content requirements is provided in

“Preparing Tables and Figures™” above.

Authors must submit a cover letter with point-by-point responses to the reviewers’ comments,
a copy of the revised manuscript with changes tracked in Microsoft Word, and a clean version
of the revised manuscript with all changes accepted. To expedite the processing of revised
manuscripts, it is important to be as specific as possible in responding to reviewers’
comments. Authors should copy the editors’ and/or reviewers’ comments into the response
letter and respond to each comment individually, including the specific changes made in
response to each comment (if any) and where the changes are located in the revised draft. As
in the original submission, the revised manuscripts must have numbered lines to facilitate

locating specific text or changes.

Revised manuscripts must conform to EHP length requirements, even if additional material is
added to the manuscript in response to reviewer requests. Authors may want to consider

moving text, tables, and figures to Supplemental Material to reduce the length of the
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manuscript, provided such material is not necessary for most readers to follow or interpret the
findings. Authors should consult with the Associate Editor for their paper for additional
guidance if needed. Papers that substantially exceed EHPword limits may be returned to

authors for additional revisions to reduce their length before acceptance.
PUBLICATION SEQUENCE
w) Advance Publication

Authors will be notified their paper has been accepted provisionally, at which point they may
be asked to respond to additional post-review requests from the FEHP Editor-in-Chief or
Science Editor. Authors also are asked at this point to conduct their own final review of their
paper to confirm it is ready for Advance Publication. Final acceptance will occur after papers
have undergone in-house editorial review for scientific content and accuracy and compliance

with EHP formatting and CFI requirements.

Papers are not copyedited until they are prepared for print publication. EHP publishes
unedited PDF versions of articles online as Advance Publication articles within 3 working
days of final acceptance unless a prepublication embargo period is agreed upon in advance

(for more information on embargoes, see Press Releases and Embargo Policy below).

Additionally, unedited abstracts are published online in PubMed and on the EHP website.

Advance Publication articles are citable using the assigned DOI (Digital Object Identifier)
number for the article. The DOI number enables the article to be immediately referenced and
establishes publication priority. The PDF version of Advance Publication articles will be
replaced with the copyedited, formatted version as soon as possible, but the DOI number will
remain with the copyedited article. In addition to the DOI number, the copyedited article will

include assigned volume and page numbers that will allow full conventional citation.
x) Copyediting/Page Proofs

To prepare each paper for final publication, EHP staff will convert electronic material to a
desktop publishing format and copyedit the manuscript. The copyedited version, with
embedded author queries, will be converted to PDF page proofs and sent to authors by e-mail.

The authors can use free Acrobat Reader software to review the proofs. There are two

methods of correcting and returning proofs:

Authors may use Comment and Markup Tools in Acrobat and e-mail the corrected proof.
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Authors may print the proof and write corrections directly on the printed copy; then scan the
marked proof and return it by e-mail. Authors using this method should also include with the

page proofs a list of itemized changes (including their locations).

The copyedited proofs of an article may be slightly different from the Advance Publication
version as a result of the editing process, but no substantive changes will be allowed. Any
significant changes at this stage of processing will require a correction to be published at the
end of the article. Extensive changes cannot be made at the proof stage; only minor changes,
such as spelling, grammar, clarification, and referencing, should be requested. If new
information has become available after acceptance of the manuscript, an addendum in proof

can be included with the permission of the Editor-in-Chief.
) Publication Date of Record

Manuscripts accepted for publication in EHP will appear online within 3 working days of
final acceptance unless they have been embargoed. The date the article is posted on the

website will be considered the publication date of record.
z) Copyright, Reproduction, and Citation

EHP is a publication of the U.S. Federal Government. Publication of EHP lies in the public
domain and is therefore without copyright. All text fromEHP may be reprinted freely. Use of
materials published in EHP should be acknowledged (for example, “Reproduced with
permission fromEnvironmental Health Perspectives™); pertinent reference information should
be provided for the article from which the material was reproduced. Articles from EHP,
especially the News section, may contain photographs or illustrations copyrighted by other
commercial organizations or individuals that may not be used without obtaining prior

approval from the holder of the copyright.
aa)  Press Releases and Embargo Policy

Authors are responsible for arranging media outreach with their own press offices in
conjunction with EHP. EHP will tailor publication dates to suit the needs of authors and their
press officers. We recommend an embargo period of at least two full working days for any
paper that receives a press release. This gives members of the media time to prepare stories

and contact corresponding authors for additional information.
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Authors whose papers have been provisionally accepted for publication should contact Susan
Booker, EHP News Editor, to coordinate embargo and publication dates. Authors or press

officers should also provide EHP a copy of their final press release.

Upon final acceptance EHP will send press officers a PDF copy of the Advance Publication
article to be distributed to media who request it. All pre-press materials will be clearly
identified as embargoed and will include the embargo date and time established by EHP in
conjunction with the authors. Authors must adhere to EHP’s embargo policy, and authors and
media alike are responsible for ensuring that all third parties with whom they share pre-press

materials honor the embargo.
TYPES OF REFERENCES
Journal article—conventional reference

Waalkes MP, Liu J, Diwan BA. 2007. Transplacental arsenic carcinogenesis in mice. Toxicol
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ABBREVIATIONS

All nonstandard abbreviations [e.g., organochlorine (OC) pesticides, limit of detection (LOD),
polymerase chain reaction (PCR)] and abbreviations for elements (e.g., Fe, Cu, Ag) and
chemical compounds [e.g., polychlorinated biphenyls (PCBs), carbon dioxide (CO,)] should

be defined in the text on first use and abbreviated thereafter.

Standard abbreviations, which do not need to be defined, are shown below. Units of measure
should be abbreviated only when a specific amount is given (e.g., “concentration of 10

ng/mL” versus “units of nanograms per milliliter”).

Abbreviation Description

A angstrom

amu atomic mass unit

ATP adenosine 5'- triphosphate
BW body weight

°C degrees Celsius

cm centimeter

cm’ square centimeter

cm’ cubic centimeter

Da dalton

df degrees of freedom
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DNA
EDTA
ELISA
ft

gal

Gy

ha
HEPES
HPLC
hr

i.d.
IM
in.
1IU

kDa
kg

388XFEFCNG

mCi

ng
mg

uL
min
mL
mM
mm

mol
mRNA

ng
nL
nmol
o.d.

deoxyribonucleic acid
ethylenediamine-tetraacetic acid
enzyme-linked immunoadsorbent assay
foot

gram

gravity (10,000 x g)

gallon

gray (unit of absorbed dose of ionizing radiation)
hectare
N-2-hydroxyethylpiperazine-N -2-ethane sulfonic acid
high-performance liquid chromatography
hour

hertz

inside diameter

intramuscular

inch

international unit

joule

kilodalton

kilogram

kilometer

Michaelis constant

liter

pound

natural logarithm

molar

meter

square meter

cubic meter

millicurie

microgram

milligram

mile

microliter

minute

milliliter

millimolar

millimeter

mole

messenger RNA

number

nanogram

nanoliter

nanomole

outside diameter
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pg
ppb
ppm
ppt
RNA

RNase
SD
SDS/PAGE
SE

sec

U

A%
vol/vol
w

wt
wt/vol
yd

picogram

parts per billion

parts per million

parts per trillion

ribonucleic acid

ribonuclease

standard deviation

sodium dodecyl sulfate-polyacrylamide gel electrophoresis
standard error, standard error of the mean
second

unit

volt

volume/volume

watt

weight

weight/volume

yard
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2. Parecer da Comissio de Etica no Uso de Animais (CEUA)
PARECER DO COMITE

Assim, mediante a importancia social e cientifica que o projeto apresenta a sua
aplicabilidade e conformidade com os requisitos éticos, somos de parecer favoravel a

realizagdo do projeto classificando-o como APROVADO, pois o0 mesmo atende aos

Requisitos Fundamentais das Normas de Conduta para a Utilizagdo de Animais no

Ensino, Pesquisa e Extensao da UNIJUI, assim como as responsabilidades do pessoal

envolvido no uso de animais da Resolugdo Normativa N21 do CONCEA, de 09 de julho

de 2010, descreve no seu artigo 92 Aos pesquisadores, docentes e responsaveis

técnicos por atividades experimentais, pedagogicas ou de criagao de animais compete:
| — assegurar o cumprimento das normas de criagdo e uso ético de animais;

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

Il — apresentar a CEUA, antes do inicio de qualquer atividade, as informagdes e
a respectiva documentagdo, na forma e conteido definidos nas Resolugbes
Normativas do CONCEA;

IV — assegurar que as atividades serdo iniciadas somente apos decisdo técnica
favoravel da CEUA e, quando for o caso, da autorizacdo do CONCEA;

V — 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 a CEUA as mudangas na equipe técnica;

VIIl = comunicar a CEUA, imediatamente, todos os acidentes com animais,
relatando as agdes saneadoras porventura adotadas;
IX — estabelecer junto a instituicdo responsavel mecanismos para a

disponibilidade e a manutengdo dos equipamentos e da infra-estrutura de criacdo e
utilizagdo de animais para ensino e pesquisa cientifica;

X — fornecer a CEUA informagdes adicionais, quando solicitadas, e atender a
eventuais auditorias realizadas.

Solicita-se ao (a) pesquisador (a) o envio a esta CEUA, de relatérios parciais
sempre quando houver alguma alteragao no projeto, bem como o relatorio final.

ljui, 05 de novembro de 2013.

j, 7 g, Ay ] /
/ )/cm Yo ) ///&
Prof. Daniel Curvello de M@ndénga Miiller
Coordenador da CEUA/UNIJUi
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