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RESUMO

Residual oil fly ash (ROFA) é o resultado de uma oxidag&do incompleta de materiais
carbonados comum em areas em que ha queima de 6leo e, sua composicao, € rica em
metais de transicdo. O ROFA apresenta particulas de diferentes diametros que séo
inaladas pelos seres humanos e podem causar danos principalmente ao sistema
respiratorio, porém, sabe-se que sua acao nao esta restrita somente a este 6rgao. A
exposicdo a poluicdo atmosférica associada ao consumo de uma dieta altamente
palatavel pode atuar por diferentes mecanismos e contribuir para o desenvolvimento de
doencas metabdlicas. O objetivo deste estudo foi investigar se a exposi¢ao subcronica
ao ROFA promoveria alteracbes sobre o consumo e preferéncia alimentar e as
interferéncias sobre parametros do perfil lipidico e de estresse oxidativo no pulmao, no
coracdo, no pancreas e no hipotadlamo em ratos. Para isto, quarenta e quatro ratos
Wistar machos foram distribuidos nos seguintes grupos: Controle (Salina + racédo
padrédo, n=11), ROFA (ROFA + racdo padrdo, n=10), Chocolate (Salina + ragao padrao +
chocolate, n=11) ROFA + Choco (ROFA + racdo padrdo + chocolate, n=11). Os ratos
foram expostos ao ROFA e a salina por instilagcdo intranasal durante 18 semanas
concomitantemente ao alimento palatavel e/ou racdo padrdo durante os ultimos trinta
dias consecutivos. Os animais foram pesados uma vez por semana durante todo o
experimento. O consumo e a preferéncia alimentar, ingestdo caldrica e eficiéncia
caldrica, ganho de massa corporal, deposicdo de gordura abdominal, glicose e perfil
lipidico foram mensurados. Espécies reativas ao acido tiobarbitirico (TBARS), atividade
das enzimas antioxidantes catalase (CAT) e superdxido dismutase (SOD) foram
avaliadas no pulmao, coragcdo, pancreas e hipotdlamo. Durante o experimento, na
primeira e segunda semana, a ingestao de chocolate foi maior nos animais expostos ao
ROFA (P=0,006 e P=0,010, respectivamente) e a ingestdo de racdo padrao diminuiu na
segunda e terceira semana (P=0,037 e P<0,001, respectivamente). Na primeira semana
todos os animais consumiram alta quantidade de alimento. Entretanto, a quantidade de
kilocalorias derivadas do chocolate foi maior nos animais expostos ao ROFA do que o
grupo controle em todas as semanas (P<0,001). A ingestéo calérica e o ganho de massa
corporal ndo foram diferentes entre os grupos (P=0,515 e P=0,434, respectivamente). A
deposicdo de gordura abdominal foi menor nos animais do grupo ROFA quando
comparados aos demais grupos (P=0,007). Os niveis de triglicerideos, colesterol total e

HDL colesterol foram mais altos nos animais expostos ao chocolate (P<0,001,



respectivamente). Nao existiu diferenca nos niveis de glicose sanguinea (P=0,525) e
LDL colesterol (P=0,194). Os niveis de TBARS foram maiores no pulmao e coracao do
grupo ROFA quando comparado aos demais grupos (P<0,001, respectivamente), e no
hipotalamo os niveis de TBARS foi maior no grupo ROFA + chocolate (P=0,002). Nao
existiu diferenca significativa na atividade antioxidante das enzimas SOD e CAT. Estes
achados indicam que a exposicdo subcronica ao ROFA aumenta o consumo e a
preferéncia alimentar para alimentos altamente palataveis, como o chocolate, e € capaz

de promover lipoperoxidagéao no hipotalamo.

Palavras-chave: Poluicdo do ar. Material particulado. ROFA. Estresse oxidativo.

Antioxidantes. Alimento altamente palatavel.



ABSTRACT

Residual oil fly ash (ROFA) is the result of an incomplete oxidation of carbonaceous
materials common in areas where there is oil burning and its composition is rich in
transition metals. ROFA presents particles of different sizes that are inhaled and may
induce damage mainly in the respiratory tract; however, it is known that the adverse
effects of these particles may reach others organs. Air pollution exposure is associated to
highly palatable food intake, may act in several mechanisms and contributes to metabolic
diseases. The aim of this study was to investigate the effects of subchronic ROFA
exposure on highly palatable food consumption and its effects on lipid profile and
oxidative stress parameters in lung, heart, pancreas and hypothalamus in rats. For this,
forty four male Wistar rats were divided into four groups according to exposure status
and dietary intake: Control (Saline + standard lab chow, n=11), ROFA (ROFA + standard
lab chow, n=10), Chocolate (Saline + standard lab chow + chocolate, n=11), ROFA +
Chocolate (ROFA + standard lab chow + chocolate, n=11). The animals were exposed to
ROFA (50 pg/ul) and saline by intranasal instillation during 18 weeks concomitantly to
palatable food and/or standard lab chow during the last 30 consecutive days. The
animals were weighed once a week. The parameters measured were food consumption
and preference, caloric intake and caloric efficiency, gain of body mass, abdominal fat
deposition, as well as glucose and plasma lipids. Thiobarbituric acid reactive substances
(TBARS), catalase (CAT) and superoxide dismutase (SOD) activity were assess in lungs,
heart, pancreas and hypothalamus. During the experiment, in the first and second weeks,
the chocolate intake was higher in animals exposed to ROFA (P=0.006 and p=0.010,
respectively) and the standard chow intake was smaller in the second and third weeks
(P=0.037 and P<0.001, respectively). In the first week all animals consumed higher
amounts of food. However, the amount of kilocalories derived from chocolate was higher
in the animals exposed to ROFA than control group in all weeks (P<0.001). The caloric
intake and body mass gain were not different among groups (P=0.515 and P=0.434,
respectively). Abdominal fat deposition was lower in the animals of the ROFA group
when compared to the other groups (P=0.007). Triglycerides, total cholesterol and HDL
were higher in chocolate exposed rats (P<0.001, respectively). There were no significant
differences in glucose (P=0.525) and LDL levels (P=0.194) in all groups. TBARS levels
were higher in the lung and heart of ROFA group (P<0.001, respectively). In the
hypothalamus, TBARS levels were higher in ROFA + chocolate group (P=0.002). There



were no significant differences in SOD and CAT activities. These findings indicate that
subchronic ROFA exposure increases the consumption and food preference for highly
palatable food, such as chocolate, and is be able to promoting lipoperoxidation in
hypothalamus.

Keywords: Air pollution. Particulate matter. ROFA. Oxidative stress. Antioxidants. Highly
palatable food.
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1 INTRODUCAO

1.1 Poluigcdo atmosférica

A Revolugéo Industrial teve seu inicio no século XX e, desde entdo, tem alterado
habitos e sistemas em meio a populacdo. Dentre as consequéncias desta revolucao
destaca-se, negativamente, a poluicdo do ar, tornando-se um assunto explorado e
debatido por pesquisadores devido a episodios e catastrofes ambientais significativos
gque causaram inumeros prejuizos a saude humana.

Dentro de um contexto histérico podemos citar o “The Meuse Valley fog of
December, 1930” como sendo um dos primeiros relatos de desastres ambientais
envolvendo a poluicdo atmosférica, ocorrido ao leste da Bélgica. O Vale acomodou um
conjunto industrial com diversas fontes de poluicdo do ar. A combinacdo de baixa
temperatura, presenca de nevoeiro e pouca movimentagao do vento resultaram em uma
baixa dispersdo atmosférica devido ao grande acumulo de poluentes gasosos e
particulados, gerando inUmeras mortes e danos a saude da populacao (1).

Da mesma forma, o evento conhecido como “Nevoeiro de Londres”, em 1952, é
considerado o acontecimento mais severo envolvendo a poluicdo atmosférica, tornando-
se precursor de estudos epidemiologicos sobre poluicdo do ar. Nesta regido as
condicbes meteorologicas estavam atipicamente intensas — ar frio, estagnado e com
denso nevoeiro — e, além disso, o ambiente apresentava fuligem devido ao processo
incompleto de inversédo térmica. Este episodio ficou amplamente conhecido por ter
ocasionado altos indices de mortalidade e promover o agravamento de diversas
doencas pré-existentes, sendo associado as altas taxas de poluicdo nas quais a
populacdo foi exposta. Por esta razdo, a compreensdo destes eventos tornou-se
mundialmente notavel, caracterizando a poluicdo atmosférica como um grande problema
de saude publica (2, 3).

A poluicdo do ar é definida como uma mistura quimica e fisica de diversos
compostos e pode ser proveniente de fontes naturais (atividades vulcénicas, incéndios
florestais espontaneos, erosdo do solo) ou antropogénicas (veiculos envolvidos com a
combustdo de compostos fésseis e fontes industriais). Os poluentes atmosféricos sao
constituidos por carbono elementar e organico, sulfatos, nitratos, carbonatos, peroxidos,
aldeidos, quartzo, silicatos e gases como 0z6nio (O3), 6xidos de nitrogénio (NOXx), oxidos

de enxofre e volateis organicos. Podem ser constituidos ainda por compostos organicos
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e biolégicos, como os hidrocarbonetos policiclicos arométicos (HPA), além de material
particulado (MP) e metais (1, 4-6).

Os poluentes também podem diferir quanto a forma como sdo emitidos de suas
fontes para a atmosfera. Os poluentes primarios como o0 monoéxido de carbono (CO),
diéxido de carbono (CO,) e didéxido de nitrogénio (NO,), sdo emitidos diretamente para o
ar pela queima de combustiveis fésseis, enquanto que os poluentes secundarios como
O3, peroxido de hidrogénio (H20,) e acido sulfurico (H2.SO,), sdo formados na atmosfera
a partir de rea¢des quimicas com poluentes primarios (5).

Os poluentes do ar podem variar de acordo com a localizacdo geogréfica e a
sazonalidade. As concentracbes e a toxicidade dos poluentes também estdo
intimamente relacionadas com as variacdes climéticas, principalmente nas areas
urbanizadas em que os padrbes de circulagcdo atmosférica encontram-se estagnados.
Devido as diversas caracteristicas que as particulas apresentam, elas podem
representar diferentes graus de toxicidade e de riscos para a saude. Nos centros
urbanos, o tipo de poluicdo que prevalece é aquela oriunda, principalmente, dos veiculos
automotores, 0s quais s&o responsaveis pela queima de combustiveis fésseis e da
biomassa, sendo esta fonte associada com maior efeito toxicolégico e,
consequentemente, eventos mais graves a saude (7)

Atualmente, é crescente o interesse da comunidade cientifica global sobre o impacto
da poluicdo do ar na saude dos individuos. Tendo em vista que esta problematica esta
amplamente relacionada com o desencadeamento de efeitos deletérios sobre a saude
(8), sabe-se que diversos orgdos podem ser afetados pela exposicdo a poluicdo do ar.
(Figura 1). Diversos estudos epidemiolégicos tém demonstrado que a exposicdo a
poluicdo atmosférica, tanto em curto quanto em longo prazo, esta associada a
morbidade e a mortalidade por varias doencas. A associagcdo mais consistente esta
ligada as doencas cardiovasculares e respiratorias, incluindo insuficiéncia cardiaca,
infarto do miocardio, acidentes cerebrovasculares, doenca pulmonar obstrutiva cronica,
infec¢cdes no trato respiratorio e asma, principalmente em populagcdes suscetiveis (5, 7,
9-11).

O impacto da poluicdo do ar sobre as doencas respiratérias cronicas ainda inclui a
interrupgéo da via epitelial das vias aéreas e das vias de sinalizagéo celular, destruicdo
do parénquima, estresse oxidativo, comprometimento da fagocitose por células
fagociticas, infiltracdo celular inflamatéria, além de modificacdes na imunidade celular

regulada, na epigenética e na autofagia (12-15).
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A Agéncia Internacional de Pesquisa em Cancer (International Agency For Research
On Cancer — IARC) classificou a poluicdo atmosférica e 0 MP como carcinogénicos para
seres humanos (IARC, tipo 1). Esta classificagdo tem sido fundamentada por meio de
diversos estudos epidemioldgicos, os quais demonstram associacéo entre a exposicao a
poluicdo do ar e a incidéncia de cancer de pulméo (16-18). A poluicdo atmosférica
também esta sendo largamente associada a desfechos neuroldgicos adversos, sindrome
metabdlica, efeitos reprodutivos, inflamacé&o sistémica, mudangas na fungéo endotelial,

entre outros (7, 19-22).

Figura 1 — Efeitos da poluicdo atmosférica em diferentes 6rgéos.
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* Sintomas respiratorios B *Doengas do sistema nervoso central
- ’ / N\
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\ Q9 /
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~

*Cancer de Pulmao & R * Alteragbes na variabilidade da

] \
(\\, /frequéncia cardiaca
| 1 * Depressdo do segmento ST

* AlteragGes na pressao arterial | / \ [
* Funcdo endotelial \ | | * Nascimento prematuro
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* Inflamagdo sistémica \ M [ * Diminuig¢do do crescimento fetal
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\ 14 v g
[ * Diminuicao da qualidade

\ [ espermatica

Fonte: adaptado de Rickerl et al., 2011.

Os problemas envolvendo a poluicdo do ar representam um desafio significativo para
a sociedade, especialmente devido a crescente populacdo urbana mundial. Apesar de
existir grande preocupacdo com o desenvolvimento sustentavel com a reducdo das
concentracbes de emissbes de poluentes, regides densamente povoadas,

principalmente as grandes cidades e paises em desenvolvimento, ainda emitem altas
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concentracdes de poluentes (23, 24). Desta forma, todos os individuos estdo expostos a
poluicdo atmosférica diariamente e em todas as etapas da vida, podendo variar a

intensidade e a extensao as quais estdo sendo submetidos (Figura 2).

Figura 2 - Representacdo dos estagios de susceptibilidade humana a exposicédo a

poluicdo atmosférica.

Q
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Fonte: adaptado de Riickerl et al., 2011.

Tendo em vista o contexto histérico no qual a poluicao atmosférica esta inserida, e
diante da complexidade deste tema e a sua abrangéncia em termos de efeitos
prejudiciais a salde — considerando a insuficiéncia do monitoramento da polui¢cédo e dos
danos a salde — se torna evidente que ainda existam diversas lacunas na literatura a
serem esclarecidos. Dentre estas necessidades, é fundamental a conducéo de estudos
sobre os mecanismos de acdo dos poluentes atmosféricos, bem como, sua contribuicdo

para o surgimento de enfermidades e de agravos de doencas pré-existentes.

1.1.1 Material Particulado
Dentre os constituintes da poluicdo do ar, o MP é o poluente que tem sido mais

largamente investigado devido a seu impacto sobre a saude (25).
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O MP, de acordo com a United States Environmental Protection Agency (US EPA),
€ caracterizado como uma mistura microscépica de particulas soélidas e liquidas
suspensas no ar (26). Esses poluentes sdo gerados principalmente por meio de
processos industriais, emissdes veiculares, atividades domésticas e de fontes naturais.
A sua emissao pode persistir no ambiente por longo periodo de tempo (27).

O MP possui diferentes caracteristicas fisicas (tamanho e numero de particulas,
area superficial total e propriedades eletrostaticas), bioldégicas (mistura de
microorganismos como endotoxinas, bactérias e virus) e quimicas (espécies organicas
volateis e semi-volateis como HPA; metais de transicdo como ferro, niquel e cobre; ions
como sulfatos e nitratos; gases reativos como Ogj, perOxidos e aldeidos; material
carbonado, biolégicos e minerais). A composicdo quimica € a caracteristica mais
suscetivel a variagfes que sdo dependentes de diversos fatores, como a fonte onde séo
emitidos, o clima e a estacdo do ano (27, 28).

A principal caracteristica fisica do MP esta relacionada ao seu tamanho
aerodinamico, que estd inversamente associado a toxicidade que ele exercera no
organismo (Figura 3). O MP,o refere-se as particulas inferiores ou equivalentes a 10 um
de diametro; o MP, s refere-se as particulas menores ou iguais a 2,5 um de diametro, e
as particulas ultrafinas referem-se as particulas com menos de 0,1 um de diametro.
Particulas grossas (MP1p) permanecem retidas nas vias aéreas superiores, enquanto
que as particulas finas (MP,s) tendem a se depositar nas vias aéreas inferiores,
especialmente nos alvéolos e, como consequéncia, podem atingir a circulacdo sistémica.
Particulas ultrafinas (MPo1) séo diretamente depositadas nos alvéolos, e séo
translocadas, pelo sangue, do pulmé&o para outros 6rgdos como figado, coracdo e
cérebro (1, 11, 29).
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Figura 3 - Representacdo do tamanho do material particulado e sua comparacao

com fio de cabelo humano.

Células

Bactéria Células ;
4 1 ermelhas Pélen  Pin Cabelo
Moleculas Virus .V -

) ‘ , VB 3
oW Maeens
0.01pm ¢omm 0.1pm lum 10pm llm"te 100pum

Y UFP (®My,) particulas ultrafinas
PMZ‘S

Particulas finas N Ve B DG B f@ ’—PM 025
o ; i

CabeloHumano (70um)

Fonte: adaptado de Brook et al., 2008.

A Organizacdo Mundial da Saude (OMS), em sua diretriz sobre qualidade do ar,
estabelece uma média anual e diaria de exposicdo humana ao MP (25). Para 0 MP,5 a
média anual de exposicdo é 10 pg/m3 e a média diaria € 25 pg/ms, ja para o MPyp a
média anual e a média diaria de exposi¢do sao 20 ug/m3 e 50 ug/ms, respectivamente. A
preocupacdo mais alarmante é de que grande parte da populacdo vive em cidades que
excedem os niveis de MP estabelecidos pela OMS, além de existirem poucas
evidéncias para sugerir um limiar de concentracdo de exposi¢cdo seguro a populagao
(25).

A exposicdo ao MP tem sido correlacionada a varios tipos de danos ao organismo
conforme descrito anteriormente. Diferentes tipos de metodologias de exposicdo tém
sido utilizados para comprovar tais efeitos. As evidéncias mais consolidadas na literatura
apontam para o desenvolvimento de doencas respiratérias crénicas — como asma e
doencas alérgicas (30) —, doenca pulmonar obstrutiva cronica (DPOC) e cancer de
pulmé&o (12). Brook et al. (2010) reuniu uma série de estudos em modelos experimentais
e clinicos de exposi¢do ao MP demonstrando, também, haver uma consistente relagéo
causal entre esta e a morbidade e mortalidade cardiovascular (31). Do mesmo modo,

estudos recentes na literatura evidenciam que a exposi¢cdo crbnica ao MP esta
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relacionada com a patogénese e fisiopatologia de doencas neurodegenerativas e
neuroinflamatérias (32), atuando também sobre o sistema reprodutivo (33), entre outros.

Além disso, é crescente o aumento das investigacbes sobre o impacto da
exposicao ao MP no desenvolvimento de obesidade e suas consequéncias. A exposi¢cao
a poluentes ambientais é considerada como fator “obesogénico”, que contribui para o
aumento da obesidade (34). Bolton et al. (2012), em seu trabalho experimental,
demonstraram que camundongos expostos durante o periodo gestacional a particulas
de diesel tiveram um aumento de citocinas inflamatorias no cérebro fetal e, um
consequente aumento, quando adultos, da ativacdo da microglia e da ansiedade
induzida por uma dieta rica em gordura. Ademais, os camundongos expostos ganharam
mais peso durante o inicio da vida e a exposi¢cdo precoce as particulas de diesel
sensibilizou os animais ao ganho de peso quando colocados em uma dieta rica em
gordura na fase adulta (35). McConnell et al. (2016) reuniram em seu trabalho uma série
de estudos experimentais evidenciando que a exposi¢cdo precoce ao MP causa dano
mitocondrial e acumulo de tecido adiposo branco em relacdo ao tecido adiposo marrom
metabolicamente ativo, distorcendo o equilibrio metabdlico (36).

Ainda, outros trabalhos em modelos animais evidenciam que a exposi¢cdo ao MP
desencadeia acentuado aumento da inflamacéo e da adiposidade visceral, sendo ambos
determinantes no desenvolvimento de resisténcia insulinica associadas a anormalidades
metabdlicas (37).

Um estudo recente realizado por Wolf et al. (2016) mostra que a exposicdo em
longo prazo a poluicdo atmosférica esta relacionada com a resisténcia a insulina na
populacdo em geral. Ainda, evidenciou que a cada aumento de 7,9 pg/m® de MP esta
associado a um aumento do indice HOMA IR (Modelo de avaliagdo da Homeostase —
Resisténcia insulinica) e niveis de insulina, principalmente em individuos pré-diabéticos.
Os achados indicam que a exposi¢cdo ao MP é um fator de risco para diabetes mellitus
tipo 2, sobretudo em individuos pré-diabéticos (38). Ja Fonken et al. (2011)
evidenciaram que a exposicdo ao MP leva a depresséo e a deficiéncia cognitiva e, além
disso, leva a uma suprarregulacdo de marcadores inflamatorios e alteracdes estruturais
no hipocampo (39). Do mesmo modo, Pun et al. (2016) com o objetivo de avaliar a
associacdo entre a exposicdo ao MP 2,5 com o desenvolvimento e/ou agravo de
depressdo e ansiedade, estudaram uma coorte de idosos dos Estados Unidos e
evidenciaram uma associacao positiva entre a exposicao a estas particulas e sintomas

de depressao e ansiedade. Ainda, os autores sugeriram que individuos com situacao
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socioecondmica mais vulneravel ou que possuiam alguma histéria de doenca prévia
podem ser mais suscetiveis ao desenvolvimento de transtornos mentais (40).

Existem diferentes tipos de MP, dependendo da sua fonte de origem e composicao.
O residual oil fly ash (ROFA) é um tipo de MP substituto as particulas ambientais
urbanas para estudar os efeitos bioldgicos da poluicdo do ar. Muito embora ele néo
mimetize uma exposicao real, sdo encontrados em sua composi¢cao poluentes presentes
na constituicdo da poluicdo atmosférica. O ROFA é derivado da queima de combustivel
féssil e em sua composicédo podem ser encontrados compostos organicos e inorganicos.
Os compostos inorganicos sao o resultado de uma incompleta oxidacdo de materiais
carbonados (41). Apresenta ainda, na sua composi¢ao quimica, sulfatos e silicatos, além
de ser rico em metais de transi¢do soluveis, como ferro, vanadio e niquel (41-43). Além
disso, as particulas do ROFA apresentam, frequentemente, didmetro aerodinamico <
2,5um, tamanho este que esta mais estreitamente associado aos efeitos adversos a
saude do que as particulas maiores (43).

Muitos estudos experimentais tém sido conduzidos para elucidar os efeitos do
ROFA em diferentes 6rgdos e sua relacdo com diferentes doencas, além de avaliar a
contribuicdo de metais na toxicidade da exposicdo a poluicdo atmosférica. J& esta bem
estabelecido na literatura que o ROFA € capaz de alterar os mecanismos de defesa
pulmonar, diminuindo a producdo de importantes mediadores inflamatérios, como 0s
envolvidos na resposta pulmonar a infecgdes oportunistas (44). Carvalho et al. (2014)
demonstraram que a instilacdo intranasal aguda a uma baixa dose de ROFA em
camundongos nas primeiras 6, 24, 48, 72 e 96 horas comprometeu a mecanica
pulmonar, desencadeando grande influxo de células polimorfonucleares no pulméo e
aumentou o numero de células inflamatérias no sangue, sendo que estes desfechos
retornaram a valores normais apos 120 horas da exposicdo ao ROFA (45). Watkinson
et al. (1998) demonstraram que ha efeitos da exposicdo ao ROFA na funcéo cardiaca,
uma vez que animais saudaveis expostos ao composto apresentam uma resposta
bradicardica e esta resposta persistiu até 48 horas apos a instilacédo (46). Zanchi et al.
(2008) investigaram a administracdo de diferentes fracbes de ROFA por instilagcdo
intranasal com o intuito de avaliar se esta exposi¢cao poderia gerar peroxidacao lipidica e
alterac6es comportamentais em ratos expostos a este poluente. Os autores observaram
que a administracdo repetida de ROFA induziu mudanga comportamental e

lipoperoxidacdo no estriado e cerebelo dos ratos expostos, ratificando o conceito de que



24

0 sistema nervoso central pode ser afetado negativamente por este tipo de particula
(47).

Diante disso, sugere-se que a exposi¢cdo ao ROFA é capaz de promover diversos
efeitos deletérios a saude, e que estes efeitos podem variar dependendo das
propriedades que o composto apresenta. No entanto, ainda sdo escassos na literatura
estudos que demonstram a influéncia do ROFA isolado sobre a obesidade e parametros
metabdlicos. Estas lacunas necessitam ser esclarecidas para uma melhor compreenséao

dos efeitos deste poluente sobre o metabolismo.

1.1.2 Dados epidemioldgicos

A exposicdo a poluentes atmosféricos pode afetar a saude humana de vérias
formas, levando a um aumento da mortalidade e da morbidade (25). Evidéncias
epidemioldgicas dos efeitos sobre a saude provocados pela poluicdo atmosférica estao
crescendo e evoluindo rapidamente. Hoje, a poluicdo do ar € o maior fator de risco
ambiental (48).

Segundo a OMS, 92% da populacdo mundial vivem em lugares onde 0s niveis da
qualidade do ar excedem os indices recomendados de exposi¢cdo a poluicdo atmosférica
de sua diretriz (25). Em 2012, uma estimativa de 7 milhdes de mortes (correspondente a
11,6% de todas as mortes globais) foram associadas a exposi¢cdo da poluicdo do ar
outdoor e indoor. Aproximadamente, 90% das mortes relacionadas a poluicédo
atmosférica ocorrem em paises de baixa e média renda e quase 94% sé&o devido as
doencas ndo transmissiveis em adultos, como doencas cardiovasculares, acidentes
vasculares cerebrais, Doenga Pulmonar Obstrutiva Cronica (DPOC) e cancer de pulméo.
As mortes remanescentes ocorrem em criangas menores de cinco anos de idade devido
as infec¢des respiratorias agudas no trato respiratorio inferior (49, 50).

Diversos estudos na literatura relatam sobre a exposicdo a poluicdo do ar como
causa de admissdes hospitalares. Zheng et al. (2015) evidenciaram em um trabalho de
revisdo sistematica e meta-andlise que a exposicdo a curto prazo aos poluentes
atmosféricos confere um risco aumentado de visitas a salas de emergéncia e
internacdes hospitalares relacionados com asma (51). Outros estudos também
evidenciam que existe um risco aumentado de hospitalizacdo apds exposicbes a
poluentes atmosféricos devido ao aumento de casos de DPOC (52), aumento da
hospitalizacdo e mortalidade por doencas cardiovasculares (53, 54) e aumento das

admissodes hospitalares devido a doencas circulatérias e respiratérias (55).
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De acordo com a OMS, em 2012 no Brasil, a exposi¢cao a poluicdo do ar ambiental
em ambos os sexos resultou em 26.241 mortes. Destas, 198 estdo relacionadas a
infecgdes respiratorias agudas no trato respiratorio inferior, 539 a DPOC, 2.901 a cancer
de pulméo, 12.987 a doenca isquémica do coracdo e 9.616 a acidente vascular cerebral
(49). No estudo realizado no Brasil por Ferreira et al. (2016) foi evidenciado uma
associacao entre doencas respiratorias e exposicao ao MP 10um e MP 2,5um, em que
o risco de hospitalizag&o é aumentado em 23,5% e 12,8% a cada aumento de 10 pg/m?,
respectivamente. A exposi¢cdo ao MP 2,5um também foi associado a doencas do sistema
circulatorio com o risco de hospitalizagdo aumentado em 19,6% por cada aumento de 10
ug/m? (55).

Diante dos dados epidemiologicos apresentados, sdo visiveis os efeitos maléficos
relacionados as altas taxas de poluentes atmosféricos. Por isso, existe uma necessidade
crescente de programas e ac¢des que sejam destinados a monitorar e reduzir 0s niveis
de poluicdo do ar, para que estes retornem a padrdes aceitaveis a fim de minimizar os

danos e as doencas por eles causados a populacéo.

1.1.3 Mecanismos fisiopatolégicos

Diversos estudos tém sido realizados para compreender os mecanismos de agao
pelos quais os constituintes da poluicdo do ar atuam de forma a gerar danos a saude
humana. Dentre os principais meios envolvidos no dano celular que os compostos atuam
estdo o estresse oxidativo, a inflamacéo, o dano ao DNA e os mecanismos metabolicos.

O estresse oxidativo esta amplamente consolidado na literatura como um dos
principais meios pelo qual a poluicdo do ar pode agir sobre sistemas biologicos. Diversas
reacfes quimicas ocorrem constantemente dentro de nossas células, como as reac¢fes
de oxi-reducao (reacbes redox), as quais desempenham um papel fundamental na
manutencdo das funcBes celulares, incluindo ciclos metabdlicos e eliminacdo de
substéancias. As reagdes redox envolvem a transferéncia de elétrons de uma substéncia
(redutora) para outra substancia (oxidante) e podem iniciar uma cascata de transferéncia
de elétrons, e a reducédo e/ou oxidacao de varios elementos chave (56). Por meio destas
reacdes, as células devem manter um equilibrio elétrico entre as macromoléculas,
conhecido como estado redox. Em condicbfes normais, as espécies reativas sao
produzidas como subproduto do metabolismo e sdo necessarias para cumprir fungdes
biolégicas como, alguns eventos celulares, incluindo transducdo de sinais, ativacao

enzimatica, expressao génica, etc (57, 58).
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As defesas antioxidantes s&o capazes de retardar, impedir ou prevenir contra os
danos oxidativos promovidos pelas espécies reativas de oxigénio (ERO) e espécies
reativas de nitrogénio (ERN), impedindo sua ocorréncia (59). Quando o equilibrio entre
as espeécies reativas e a defesa antioxidante € interrompido por excesso ou deficiéncia
de qualquer um dos dois fatores, o corpo sofre uma forte modulacdo de seu estado
redox, a favor das substancias pré-oxidantes e reducdo das substancias antioxidantes,
chamado de estresse oxidativo (57, 59). O estado de estresse oxidativo é capaz de
exercer muitos efeitos biolégicos adversos, como oxidagdo de lipideos e de proteinas,
do acido desoxirribonucleico (DNA) e do &cido ribonucleico (RNA), além de desencadear
cascatas pro-inflamatoérias (31, 57). Estas alteragdes significativas dentro da célula
podem culminar em mecanismos de morte celular (60).

Entre as ERO e ERN destacam-se o radical superoxido (O,7), o peroxido de
hidrogénio (H»0,), o oxigénio singlet (*O.), o radical hidroxil (OH), o éxido nitrico (NO),
o peroxinitrito (ONOQ"), entre outros. Tanto as ERO quanto as ERN apresentam agdes
distintas e propriedades que se sobrepfem. Estas espécies reativas podem atuar
separadamente, no entanto, as proprias moléculas acabam interagindo e afetando ainda
mais as células alvo (60, 61). As principais fontes endogenas onde as ERO séao
produzidas incluem a cadeia respiratoria mitocondrial, o reticulo endosplasmatico, a
NADPH oxidase, as enzimas do citocromo P-450, as ciclooxigenases, entre outras.
Dentre as fontes exdgenas geradoras dessas espécies, a polui¢cdo do ar € a que esta em
maior evidéncia (61).

As células também possuem um sistema de defesa antioxidante endégeno capaz
de protegé-las contra as ERO e ERN, neutralizando estes compostos e diminuindo sua
reatividade. Podemos citar como principais antioxidantes enddgenos a superoéxido
dismutase (SOD), a catalase (CAT) e o sistema redox da glutationa (61). A SOD catalisa
a transicdo de O2~ em oxigénio e H,O, A CAT, uma heme enzima, catalisa a reacao que
converte duas moléculas de H,0O, em duas moléculas de agua e oxigénio (O,). O sistema
redox da glutationa desempenha papel critico em varios processos celulares atraves da
manutencao e regulacdo do estado tiol-redox e, principalmente, catalisa a reducao de
H.O, ou hidroperdxidos organicos em agua ou seus correspondentes alcodis (56, 59,
62). Estes antioxidantes atuam de forma a prevenir a peroxidacao lipidica, a modificagcéao
de proteinas, o dano ao DNA, inibindo enzimas geradoras das espécies reativas e

ativando ions metalicos quelantes (58, 63).
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Os estudos de exposicado aos diferentes constituintes da poluicdo atmosférica tém
relacionado principalmente o estresse oxidativo e a inflamac¢do como a primeira linha de
resposta adversa a exposicdo. O estresse oxidativo € muitas vezes induzido e
desencadeado por processos inflamatérios, sendo assim, acredita-se que os dois
processos estdo biologicamente ligados. Entdo, nenhuma das duas vias supracitadas
pode funcionar exclusivamente, e a extensdo em que elas se sobrepdem ainda é
desconhecida (7, 31, 64).

A inflamacé&o é considerada um mecanismo central para o desenvolvimento de
doencas por exposicdo a poluicdo atmosférica. A inflamagdo pulmonar também é
proposta como sendo um possivel fator causal envolvido nos efeitos cardiovasculares da
exposicdo ao MP. As respostas inflamatérias nas vias aéreas podem resultar na
liberacdo de citocinas e outros mediadores pro-inflamatérios ou pro-trombéticos na
circulagdo, levando a um remodelamento arterial ou afetando a estabilidade das placas
nas paredes arteriais. Ainda assim, o estresse oxidativo pode acarretar em uma ativacao
de fatores de transcricdo pro-inflamatérios centrais, como o fator nuclear kappa B (NF-
kKB), que leva a regulacdo de genes proé-inflamatérios, incluindo varias citocinas e
quimiocinas (64). Damiani et al. (2012) ap6s avaliarem a exposi¢cdo de ratos Wistar a
diferentes doses de ROFA, por noventa dias, verificaram que ocorreu alteragcdes
oxidativas cardiopulmonares e que o tecido cardiaco parece ser mais suscetivel ao dano
oxidativo do que o pulméo. Os resultados encontrados sugerem ainda que o dano
oxidativo mediado por peréxido de hidrogénio (H,O,) pode ser um dos mecanismos
envolvidos na toxicidade cardiaca apds a exposicdo ao ROFA (65).

Em um trabalho de revisdo realizado por Bai et al. (2016), os autores
demonstraram que o0 estresse oxidativo e a inflamagc&o s&o os principais mecanismos
para o desenvolvimento de aterosclerose apds a exposicdo ao MP 2,5. O estresse
oxidativo pode iniciar o desenvolvimento de ateroma, promovendo uma disfungcao
endotelial e a via da inflamacgéao € ativada ap0s a liberagcdo por macrofagos alveolares de
citocinas pro-inflamatérias como, fator de necrose tumoral (TNF-a) e interleucina-6 (IL-
6), induzindo um processo inflamatorio sistémico e a ativacdo, em outros 6rgaos, de
mais citocinas pro-inflamatorias (66).

Do mesmo modo, Adar et al. (2013) também demonstraram que a exposicao ao
MP 2,5 esta relacionada as doencas cardiovasculares através da formacdo de
aterosclerose, tendo a inflamacdo e a disfuncdo endotelial como mecanismos

importantes para desencadear o desenvolvimento da doenca (67). AcOes
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cardiopulmonares, pelos quais os poluentes atuam sobre 0 organismo, ndo sao as
Unicas vias prejudicadas por tais substancias. O Sistema Nervoso Central (SNC)
também é afetado pela poluicédo do ar, uma vez que o cérebro é rico em lipidios, tem um
alto fornecimento de oxigénio, e, além disso, possui pouca defesa antioxidante
enddgena, tornando-se, portanto, propenso ao estresse oxidativo (68).

Costa et al. (2015), com o intuito de investigar a neurotoxicidade da poluicao
atmosférica, avaliaram os efeitos neurotoxicos da exposicao a particulas de exaustéao de
diesel em camundongos adultos. Os animais foram expostos a estas particulas por seis
horas. Ao final da exposicdo, foi observado que 0os animais expostos possuiram niveis
elevados de peroxidacdo lipidica e da citocina pré-infamatéria TNF-a nas regides
cerebrais avaliadas. Estes achados indicam que a exposicdo a estas determinadas
particulas causa neuroinflamacéao e estresse oxidativo no cérebro (69, 70).

Outros estudos também evidenciam que um componente chave da exposicdo a
poluicdo atmosférica € a neuroinflamacédo, e que a expressao continua de potentes
mediadores inflamatérios no SNC e a formacdo de ERO leva ao desenvolvimento de
doencas cognitivas, neuroinflamatérias e neurodegenerativas (71, 72). Existem
evidéncias consolidadas que um dano oxidativo em estruturas cerebrais (como a
peroxidacao lipidica) leva a uma diminuicdo da atividade motora em ratos (47), apés a
exposicdo a poluicdo do ar, e também pode induzir o desenvolvimento de
comportamento ansiogénico e depressivo em animais geneticamente suscetiveis (68).

Outro potencial mecanismo que pode ocorrer derivado de um grande processo
inflamatoério e da geracdo de ERO apls a exposicdo a poluentes atmosféricos é a
alteragdes metabodlicas. Com intuito de verificar se a exposi¢do ao MP 2,5 piora o quadro
de resisténcia a insulina, inflamacao e aumenta a adiposidade visceral, Sun et al. (2009)
realizaram um estudo onde camundongos foram alimentados com racao com alto teor
de gordura durante dez semanas e, ap0s, expostos a camera de ar poluido (MP 2,5) e
ao ar filtrado por vinte e quatro semanas. Ao final, os pesquisadores concluiram que a
exposi¢cdo ao MP 2,5 promove uma piora da resisténcia a insulina, da inflamagéo e da
adiposidade visceral, sendo a inflamagdo um mecanismo critico responsavel em parte
pelas anormalidades observadas em resposta a dieta com alto teor de gordura e a
obesidade (73).

Com o intuito de avaliar a associagcdo entre a poluicdo do ar e a prevaléncia de
diabetes, foi realizada uma andlise transversal com 6392 participantes entre 29 e 73

anos de idade, em coorte da Suica sobre poluicdo atmosférica e doencas pulmonares e
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cardiacas (SAPALDIA). A associacdo entre as estimativas das exposi¢cbes médias de
MP 10 e NO; ao longo de dez anos anteriores a pesquisa foram reportadas. Verificou-se,
entdo, que ambos os poluentes foram significativamente associados com a prevaléncia
de diabetes por aumento de 10ug / m® na média de exposic&o. A associacdo com MP 10
foi mais forte do que com NO,, evidenciando que a exposicdo em longo prazo a poluicdo

do ar esta associada com diabetes mellitus (74).

1.2 Comportamento alimentar

Os parametros alimentares tém mudado drasticamente com o passar do tempo, e
isto, tem gradualmente, influenciado o comportamento alimentar para selecionar
preferencialmente alimentos ricos em energia. Estes alimentos provém da industria
alimentar preparados para serem altamente palataveis e atraentes. Acredita-se ainda
gue, o fécil acesso a este tipo de alimento contribui significativamente para o aumento
de obesidade e principalmente para as comorbidades associadas ao excesso de peso,
como por exemplo, hipertensdo, hipertrigliceridemia e resisténcia a insulina. Esta
mudanca do perfil comportamental alimentar conduz a um circulo vicioso obesogénico
gue ainda ndo esta completamente compreendido (75, 76).

Em suma, o processo de funcionamento do comportamento alimentar inicia-se
com o sentido do paladar, que desempenha um papel importante na decisdo de
consumir ou evitar alimentos e, este comportamento alimentar seletivo, necessita de
duas etapas sucessivas: a deteccao periférica do sabor através das papilas gustativas e
a percepcao central de estimulos gerados pelo sabor, por estruturas especificas do SNC
(75).

Apébs a deteccao periférica do sabor (1), ocorre a ativacdo de um circuito reflexo
desencadeado pelo gosto, que conduz a um processo de antecipacdo digestiva (2) e a
percepcado do paladar por circuitos gustativos centrais (3). Estes circuitos envolvem o
cortex orbito frontal, que recebe informagdes sensoriais relacionadas a palatabilidade
alimentar (4) e faz uma transferéncia destas informagfes com a via de recompensa
(sistema mesolimbico ou “cérebro emocional”). Os sinais reguladores apo6s a ingestao
(neurotransmissores, hormoénios) fornecem ao hipotadlamo (denominado “cérebro
metabdlico”), conhecido por controlar a ingestdo de alimentos e o gasto energético,
informacOes sobre o status da alimentacdo (5). Em seguida, ocorre uma regulacao

cruzada do sistema mesolimbico por sinalizacdo interna e do hipotalamo por sinalizacao
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externa (6) e, também, interligacfes anatdbmicas diretas entre os dois sistemas (7).

Portanto, esta regulacao depende de um sutil equilibrio entre estes sistemas (Figura 4).

Figura 4 — Representacdo esquematica do comportamento alimentar através da

via gustativa e a relagdo com sistemas neurais da regulac&o alimentar.
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Modelos de comportamento alimentar também sdo muito utilizados para a
avaliacdo do alivio do estresse por recompensa alimentar saborosa. Em humanos, a
ingestdo de alimentos palataveis e/ou com alto teor de carboidrato estd associada com a
melhora do humor, diminuicdo do estresse e da concentracao de cortisol no plasma (77).
Para testar o comportamento alimentar de ratos durante periodo de estresse, é oferecido
a estes animais um alimento altamente palatavel (rico em agucar ou gordura) e um
menos palatavel (por exemplo, racdo padrdo). Ao final do teste, os animais demonstram
escolher em grande porcdo o alimento altamente palatavel ao alimento padréo,
ratificando que a forma como se determina o comportamento alimentar frente a dieta é
capaz de reduzir indices de estresse (77-79).

Estudos dos distarbios compulsivos alimentares também utilizam a avaliacdo do
comportamento alimentar para auxiliar na compreenséao dos fatores que motivam e que,
poderiam ajudar para a melhora do comportamento compulsivo (76). Da mesma forma,

Benetti et al. (2007) utilizaram a avaliacdo de comportamento alimentar para analisar o
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comportamento de ratos que tiveram intervencdo de randomizacao neonatal frente a
exposicdo a uma dieta altamente palatavel e assim, verificaram o comportamento
alimentar destes animais frente a estas intervencdes (80, 81). Interven¢cdes em modelos
animais com dieta de cafeteria tém sido utilizadas para analisar o consumo e a
preferéncia alimentar, bem como, avaliar as alteracdes metabdlicas que a ingestdo de

alimentos ricos em acucar e gordura podem promover (82-84).

1.3 Disturbios metabdlicos e poluicdo atmosférica

Os padrées do comportamento alimentar tém mudado drasticamente, onde, a
disponibilidade e a procura de alimentos ricos em energia, contendo elevadas
quantidades de acgUcares e gordura que podem causar disturbios no metabolismo, tém
aumentado consideravelmente. O estilo de vida moderno também colabora para este
aumento, ja que a oferta destes tipos de alimentos € grande e s&o facilmente obtidos.
Porém, existem outros fatores externos, além das mudancas comportamentais, que
podem estar contribuindo para este cenario.

Foi Balllie-Hamilton (2002) um dos pesquisadores a hipotetizar que somente as
mudangas comportamentais e dietéticas ndo seriam sozinhas as responsaveis por
causar varios efeitos metabdlicos. A vista disso, levantou-se a hipétese de que certas
substancias organicas e inorganicas no ambiente estavam coincidindo com a crescente
incidéncia de obesidade e de disturbios metabdlicos, sugerindo-se entdo, que as causas
ambientais poderiam estar envolvidas nesta mudanca (85).

A exposi¢cdo ambiental ao MP 2,5 induz a uma série de doencas metabdlicas como,
por exemplo, disturbios termogénicos na atividade do tecido adiposo marrom, 6rgao
crucial para o metabolismo energético. Estas particulas atuam inibindo a funcédo deste
tecido adiposo ou, até mesmo, induzindo processos inflamatérios nele, o que pode
agravar ainda mais as doencas metabdlicas. Mas, ainda é necessario um melhor
conhecimento dessas anormalidades metabdlicas adiposas e dos mecanismos
envolvidos na disfungéo termogénica (86). Além disso, a exposi¢cao a poluicdo do ar esta
associada a sindrome metabdlica e ao desenvolvimento de diabetes (21, 74, 87).

Sabe-se que a exposicdo a poluicdo atmosférica estd amplamente associada a
geracdo de ERO e, consequentemente, a um quadro de estresse oxidativo. O consumo
de uma dieta rica em gordura e calorias pode gerar um excesso de pro-oxidantes e, por

conseguinte, agravar o estado oxidativo. Com isso, acredita-se que a poluicdo do ar
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conduz a um dano oxidativo que pode ser potencializado por uma dieta inadequada,
tendo efeitos sobre a obesidade (88).

As evidéncias mais recentes indicam que a nutricdo pode exercer um papel muito
importante na modulacdo dos efeitos toxicos que a exposicdo a poluentes atmosféricos
podem causar sobre a salde humana. O consumo em excesso de uma dieta rica em
gordura, por exemplo, possui atividade pré-inflamatéria e tende a contribuir para a
toxicidade dos poluentes, os quais intensificam os efeitos prejudiciais dessa dieta rica
em gordura. A exposi¢cdo a poluicdo atmosférica também esta relacionada ao aumento

da adiposidade e ao ganho de peso (89).
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2 JUSTIFICATIVA

A poluicdo atmosférica e mais especificadamente o MP podem causar diversos
efeitos deletérios sobre a satde humana, causando prejuizo ao organismo tanto centaris
quanto periféricos. Atualmente, os padrdes do comportamento alimentar estdo sendo
modificados por mudancas no estilo de vida ou por fatores externos que poderiam estar
contribuindo para estas alteracdes. A grande disponibilidade e consumo de alimentos
com altas quantidades de acucares e gorduras, também poderiam colaborar para estas
mudancas. Entretanto, sdo escassos na literatura os trabalhos que abordam a influéncia
da exposicdo a poluicdo do ar sobre o consumo e a preferéncia alimentar, bem como, os
efeitos a nivel metabdlico que estes dois fatores em conjunto poderiam desencadear.
Sendo assim, faz-se necessario estudar os efeitos do MP sobre o comportamento

alimentar e possiveis mecanismos.



3 OBJETIVOS

3.1 Objetivo geral

34

Verificar os efeitos da exposicao subcronica de Residual oil fly ash (ROFA) sobre o

consumo e a preferéncia alimentar e suas interferéncias sobre o perfil lipidico e de

estresse oxidativo no pulmao, no coracao, no pancreas e no hipotalamo em ratos.

3.2 Objetivos especificos

Determinar o consumo de alimento altamente palatavel e de racdo padréo dos
ratos expostos ao ROFA;

Determinar a preferéncia alimentar entre alimento altamente palatavel e racao
padrdo dos ratos expostos ao ROFA;

Determinar a ingestao caldrica e a eficiéncia caldrica dos ratos expostos ao
ROFA;

Determinar a variagdo de massa corporal dos ratos expostos ao ROFA;
Determinar a gordura abdominal dos ratos expostos ao ROFA;

Determinar as concentracdes colesterol total (CT), de lipoproteina de alta
densidade (HDL), de lipoproteina de baixa densidade (LDL), de triglicerideos (TG)
e de glicose sanguinea dos ratos expostos ao ROFA;

Determinar a lipoperoxidacdo no pulmdo, no coracdo, no pancreas € no
hipotalamo de ratos expostos ao ROFA, através da determinacdo de Substancias
Reativas ao Acido Tiobarbitirico (TBA-RS);

Determinar atividade das enzimas antioxidantes catalase (CAT) e superoxido
dismutase (SOD) do pulméo, do coragcédo, do pancreas e do hipotalamo dos ratos

expostos ao ROFA.
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Subchronic Residual Oil Fly Ash (ROFA) exposure increases the consumption and
preference of highly palatable food, modulates the caloric efficiency and induces

lipoperoxidation in hypothalamus.

Abstract

The aim of this study was to investigate the effects of subchronic ROFA exposure on consumption
and preference for highly palatable food and its interference on biochemical parameters of lipid
profile and oxidative stress in rats. Male Wistar rats (n=44) were divided into four groups: Control
(Saline + standard lab chow, n=11), ROFA (ROFA + standard lab chow, n=10), Chocolate (Saline
+ standard lab chow + chocolate, n=11), ROFA + Chocolate (ROFA + standard lab chow +
chocolate, n=11). The animals were exposed to ROFA during 18 weeks concomitantly to palatable
food during the last 30 days. Food consumption and preference, caloric intake and caloric
efficiency, body mass gain, abdominal fat deposition, glucose and lipid profile were measured.
Thiobarbituric acid reactive substances (TBARS), catalase (CAT) and superoxide dismutase
(SOD) activity were assessed in lungs, heart, pancreas and hypothalamus. In the first and second
weeks, chocolate intake was higher in animals exposed to ROFA (P=0.006 and P=0.010,
respectively) and the standard chow intake was smaller in second and third weeks (P=0.037 and
P<0.001, respectively). The amount of kilocalories derived from chocolate was higher in the
animals exposed to ROFA in all weeks (P<0.001). The caloric intake and body mass gain were not
different among groups (P=0.515 and P=0.434, respectively). Abdominal fat deposition was lower
in animals of the ROFA group when compared to the other groups (P=0.007). Triglycerides, total
cholesterol and HDL were higher in chocolate exposed rats (P<0.001, respectively). There were
no significant differences in glucose (P=0.525) and LDL levels (P=0.194). The TBARS levels
were higher in lung and heart of the ROFA group (P<0.001, respectively) and in hypothalamus the
TBARS levels were higher in ROFA + chocolate group (P=0.002). There were no significant
differences in SOD and CAT activities. Air pollution exposure increases consumption and

preference for highly palatable food and promotes lipid peroxidation in hypothalamus.

Keywords: Air pollution. Particulate matter. ROFA. Oxidative stress. Antioxidants. Highly
palatable food.
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Introduction

It is increasingly evident that air pollution exposure cause widespread and negative effects
on human health and has become a public health problem?. In this context, particulate matter (PM)
exposure is associated with increased cardiovascular and respiratory diseases and some cancers
and these effects are related to increased emergency rooms visits, hospitalizations and mortality?”
14.

Nowadays, investigate the relationship between air pollution and obesity has captured the
interest of researchers, leading us to a broader understanding of the effects of air pollution and the
importance of toxicology in the development of obesity. Pollutants are known as obesogenic,
substances that influence obesity and weight gain through a variety of potential mechanisms and
pathways™". Thus, the abundant consumption of highly palatable foods that lead to an increase in
energy and possibly related to obesity is able to accentuate the obesogenic effects of atmospheric
pollutants 8. Study has reported that workers exposed to air pollution have an additional risk of
developing metabolic diseases in relation to non-exposed workers'®. When measurements of
adiposity and biomarkers of oxidative stress were evaluated in police officers exposed to
atmospheric pollution, it was verified that the exposed workers in greater measures of adiposity
were correlated with increased levels of oxidative stress and decrease of antioxidant defense %°.

The role of reactive oxygen species (ROS) and oxidative stress formation in the
mechanisms by which PM promotes their toxicity is well described in the literature . However,
the mechanism remains unclear regarding the association to air pollution exposure and metabolic
diseases and obesity. It is supposed that air pollution leads to oxidative damage that can be
potentiated by an inadequate diet, and have effects on metabolic diseases *°.

The aim of this study was to investigate whether subchronic exposure to residual oil fly ash
(ROFA) promotes changes on consumption and food preference with the use of highly palatable

food and its interferences on biochemical parameters of lipid profile and oxidative stress in rats.

Materials and methods
Experimental animals

Male Wistar rats, one month of age, weighing 130g on average, obtained from the animal
facilities of the Universidade Federal de Ciéncias da Saude de Porto Alegre were used in this
study. Animals were housed in plastic cages (2-3 animals for cages) and maintained on a 12-h day
light cycle. Food and water were provided ad libitum. The experimental procedure of this study
was approved by the Universidade Federal de Ciéncias da Saude Ethical Committee for Research

(15/160). All animals received humane care in compliance with the “Principles of Laboratory
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Animal Care” formulated by the National Society for Medical Research and the “Guide for the
Care and Use of Laboratory Animals” prepared by the National Academy of Sciences, USA .

Composition of the particles

ROFA was employed as a recognized standard surrogate of ambient PM and has
aerodynamic size < 2.5 micrometers. It was obtained from a steel industry placed in Sao Paulo,
Brazil. The ROFA sample was suspended in saline with 0,05% of Tween 80 and sonicated during
30 min at 25 °C. The particle elements were analyzed in inductively coupled plasma mass
spectrometer and presented the followed composition: Pb, 3.1 £ 0.09ug/g; Al, 789.9 + 23.28ug/g;
Zn, 20.3 £ 0.04pug/g; Cd, 0.04 + 0.002ug/g; Ba, 30.2 + 0.31ug/g; Cu, 9.7 £ 0.15u0/g; Ni, 287.0 £
10.8ug/g; As, 4.1 + 0.05ug/g; Se, 7.5 £ 0.20ug/g; Mn 48.3 £ 0.98ug/g; Sr, 8.4 + 0.16ug/g; Sb, 2.3
+ 0.57ug/g; Fe, 20,397.2 + 283.3ug/g; Mg, 372.5 + 1.93ug/g; P, 388.5 £ 255.8ug/g; Cr, 7.6 £
0.23u09/g.

Study design

Rats were randomized in ROFA (ROFA; n=22) and Control (saline; n=22) groups. The
animals were daily exposed to saline or ROFA by intranasal instillation to 50ug/pl solution. The
volumes administred varied according to rat age in order to go along lung growth of the animal, 5
days per week during 90 days. Due to the presence of fluid in the mouse nasal cavity, a respiratory
reflex is triggered which ensures that the maximum delivered volume reaches the lung °*°. After
this period, the animals were distributed into four groups: Control (Saline + standard lab chow,
n=11), ROFA (ROFA + standard lab chow, n=10), Chocolate (Saline + standard lab chow +
chocolate, n=11), ROFA + Chocolate (ROFA + standard lab chow + chocolate, n=11) and the
animals that received chocolate were habituated this food and exposed to highly palatable food
during 30 days. The chocolate used in this study was milk chocolate (Nestlé®, Brazil). The

animals were weighed once a week. Figure 1 shows the experimental procedures.

Palatable food habituation

During the 91 to 96™ experimental days, male rats of Chocolate and ROFA + chocolate
group were habituated to the new food *%2. Briefly, during the first five days the animals were
exposed to chocolate under food restriction (receiving about 80% of habitual ingestion of standard
lab chow). In the 6™ day, rats were tested for palatable food consumption receiving lab chow ad
libitum in the previous 24 hours. All procedures were performed in the same period and after this

experiment the animals received standard lab chow ad libitum %23,
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Long-term exposure to palatable food

The animals were continuously exposed to ROFA once a day and received highly palatable
food ad libitum in their home cage (2-3 animals for cages) during 30 days after the habituation
period. For this, previously weighed amounts of chocolate and/or standard lab chow were offered
ad libitum and the remaining amount was measured to evaluate the daily consumption and food
preference. Food consumption was measured per cage and it was determine the mean consumption
per animal. To estimate the preference for chocolate over standard lab chow, the amount of
kilocalories derived from chocolate was divided by the total caloric intake®?*®. Table 1 describes

the nutritional composition of the diets used in the study.

Caloric efficiency
To determine the amount of body mass gained as a result of caloric intake, the body mass

gain was divided by the total kilocalories consumed over the experiment period 3**3,

Blood collection and organs dissection

Rats were euthanized under 80% food restriction. Euthanasia was conducted in the
morning period, by anesthesia with isoflurane 4%, and abdomen was opened for blood collection
of caudal vena cava and, after, collection of organs. Blood samples were stored into heparinized
and not heparinized tubes for evaluation of glucose, total cholesterol, high-density lipoprotein
(HDL), low-density lipoprotein (LDL) and triglycerides. Plasma and serum was separated and
frozen at -20°C until analysis. Major portions of abdominal fat (gonadal and retroperitoneal
adipose tissue) were dissected and weighed. Lung, heart, pancreas and hypothalamus were

dissected and immediately frozen in liquid nitrogen and kept at — 80°C until analysis.

Biochemical analyses

Biochemical analyses were performed using turbidimetric assay. Glucose was measured by
glucose oxidase method (Bioclin®, Belo Horizonte, Minas Gerais, Brasil). Total cholesterol,
triglycerides, HDL and LDL were measured with commercial kits (Bioclin®, Belo Horizonte,
Minas Gerais, Brasil). All the tests were done in the BS 120 Mindray®.

Oxidative stress parameters

Tissue preparation
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Tissue samples were homogenized in 5 volumes (lung), 7 volumes (heart), 9 volumes
(hypothalamus) and 11 volumes (pancreas) in 30mM sodium phosphate buffer, pH 7.4, containing
120mM KCI and protein inhibitors (1pug/mL pepstatin, 1pug/mL aprotinin, 1pug/mL leupeptin, and
0.5mM PMSF) with a Potter-Elvehjem glass homogenizer on ice-cold. The suspension was
centrifuged at 600 x g for 10 min at 0—4°C to remove nuclei and cell debris. The pellets were
discarded and the supernatants were used as homogenates. Protein concentration were measured

by Bradford’s method (mg/mL) ** using bovine serum albumin as standard.

Thiobarbituric acid reactive substances assay

Lipid peroxidation was determined as thiobarbituric acid reactive substances (TBARS)
using a fluorometric assay *. Briefly, homogenates were mixed with 10% (w/v) trichloroacetic
acid and centrifuged to precipitate proteins. The supernatants were added to thiobarbituric acid
0.67% (w/v) and incubated for 30 min at 100°C and measured at 535nm. The amount of TBARS

was expressed in nmol/mg protein.

Superoxide dismutase activity

The superoxide dismutase (SOD) activity assay is based on the capacity of pyrogallol to
autoxidize *. The pyrogallol autoxidation is inhibited in presence of SOD, whose activity can be
measured using a double-beam spectrophotometer at 420nm. One unit of SOD is defined as the
enzyme quantity capable of inhibiting 50% of the reaction. The results were expressed as units per

milligram protein (U/mg protein).

Catalase activity

The catalase (CAT) activity was performed according to Aebi (1984) . The reaction
mixture contained 33mM H,0, in 50mM phosphate buffer (pH 7.0) and lung, heart, hypothalamus
and pancreas homogenized. The decomposition of hydrogen peroxide by CAT was determined at

25°C at 240nm for 120 sec. The results were expressed in pmol/mg protein.

Statistical analyses

Data are expressed as mean + standard deviation (SD) and standard error (SE). All
analyses were performed using Sigma-Plot 12.0 Software and graphs were done in Prisma, version
7. One-way analyses of variance (ANOVA), two-way ANOVA or repeated-measures ANOVA or
data on rank were used according with normality Shapiro-Wilk test. Tukey’s test was used to

compare data among the different groups. The level of significance was set at 5%.
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Results
Palatable food habituation

During the chocolate habituation, there was an increase in the consumption of chocolate
over time (P<0.001). In ROFA + Chocolate group, chocolate consumption was higher in section
test, 6™ day, when compared to 1% (P<0.001) and 3™ (P=0.001) habituation days. There was no
difference in chocolate intake in Chocolate group over the time (P>0.005). In the section test,
there was an increase in chocolate consumption in ROFA + Chocolate group when compared to
Chocolate group (P<0.001) (Fig 2). There was no difference among groups in other days of
habituation (P>0.005).

Long-term exposure to palatable food

The amount of standard chow consumed was different between the groups (P<0.001) and
also over time (P<0.001). Over the time, the consumption of standard chow in the Chocolate
group was lower in the third week when compared to first week (P=0.016). In the ROFA +
chocolate group the consumption of standard chow was lower in 2™ (P=0.005), 3" (P=0.006) and
4™ (P=0.004) weeks when compared to first week. Regarding to Control group, the consumption
was lower in the fourth week when compared to first week (P=0.005) and in the ROFA group the
consumption was lower in 2™ (P<0.001), 3™ (P=0.024) and 4™ (P<0.001) weeks when compared
to 1% week. Related to treatments, it was observed a lower consumption of standard chow in the
2" (P=0.037), 3" (P<0.001) and 4™ (P<0.001) weeks in ROFA + chocolate group when compared
to Chocolate group. In all weeks, it was seen a different standard chow consumption between
animals that received chocolate from that did not receive (P<0.001) (Fig 3A).

The chocolate consumption was different over time (P<0.001). In Chocolate group, the
chocolate consumption was lower in the 2™ (P=0.001) and 3" (P=0.040) and 4™ (P=0.012) weeks
when compared to first week. In ROFA + chocolate group, the chocolate consumption was lower
in the 2", 3" and 4™ weeks (P<0.001) when compared to 1% week. The ROFA + chocolate group
increased chocolate intake when compared to Chocolate group in the 1% (P=0.006) and 2™
(P=0.010) weeks (Fig 3B).

Long-term food preference
There was no significant difference in chocolate preference over the time of experiment
(P=0.656). However, there was significant difference among groups (P<0.001). The ROFA +

chocolate group showed higher preference to chocolate than Chocolate group in 1% (P=0.033), 2™
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(P<0.001) 3™ (P=0.008) and 4™ (P<0.001) weeks (Fig 4). The results were expressed in

kilocalories (Kcal).

Caloric intake and caloric efficiency

There was no significant difference in caloric intake among the experimental groups
(P=0.515) (Fig. 5A). It was observed a significant difference in caloric efficiency between the
groups (P=0.015). The Chocolate group shown a higher caloric efficiency than Control group
(P=0.017) and ROFA group (P=0.031). There is no significant difference among others groups
(P>0.05) (Fig. 5B).

Body mass gain

As shown in Figure 6, there was no significant difference in body mass among
experimental groups (P=0.434) however all animals gained mass over the weeks in the experiment
(P<0.001). The Chocolate group presented body mass higher in 4™ week when compared to 1%
(P<0.001), 2™ (P<0.001) and 3" (P=0.003) weeks. In ROFA + chocolate group, it was observed a
higher body mass in the 3" week when compared to 1% (P<0.001) and 2™ (P<0.001) weeks. Also,
the body mass was higher in the 4™ week when compared to 1% (P<0.001) and 2™ (P<0.001)
weeks.

In Control group the body mass in the 3" and 4™ weeks were higher when compared to 1°
and 2™ weeks (P<0.001, respectively). And regarding to ROFA group, it was observed the body
mass was higher in 3™ week when compared to 1% (P=0.001) and 2™ (P=0.003) weeks. Besides,

the body mass was higher in 4™ week when compared to 1% and 2™ (P<0.001, respectively) weeks.

Abdominal fat deposition

Abdominal fat deposition is expressed in relation to the body weight of each rat. As shown
in figure 7, it was observed a significant difference in abdominal fat between groups (P=0.007).
The ROFA group presented lower abdominal fat deposition when compared to Chocolate
(P=0.005) and ROFA + chocolate (P=0.044) groups.

Lipids and glucose levels

The results from biochemical measurements are shown in Table 2. There was no
significant difference in glucose levels among treatment groups (P=0.525). The triglycerides
levels, it was observed the chocolate increase the levels (P<0.001). The Chocolate group showed

higher triglycerides levels than Control and ROFA groups (P=0.041 and P=0.046, respectively)
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and the ROFA + chocolate group presented higher triglycerides levels than Control and ROFA
groups (P<0.001 and P=0.001, respectively). Regarding to the levels of total cholesterol there was
a significant difference between the groups that received chocolate from those do not received
(P<0.001). The Chocolate group showed higher total cholesterol levels than Control and ROFA
groups (P<0.001 and P=0.011, respectively). The ROFA + chocolate group also presented higher
total cholesterol levels than Control and ROFA groups (P<0.001 and P=0.006, respectively). The
same profile was observed in HDL (P<0.001). The Chocolate group showed higher HDL levels
than Control and ROFA groups (P<0.001 and P=0.003, respectively) and also the ROFA +
chocolate group presented higher HDL levels than Control and ROFA groups (P<0.001,

respectively). There was no difference in the LDL levels between the groups (P=0.194).

Oxidative stress parameters

The results from oxidative stress parameters are shown in Table 3. There was a significant
increased in lipid peroxidation on lung among treatment groups (P<0.001). The ROFA group
demonstrated an increase in TBARS concentration when compared to Chocolate, ROFA +
chocolate and Control groups (P=0.002; P=0.006 and P=0.003, respectively). In heart, also the
ROFA group demonstrated an increase in TBARS concentration when compared to Chocolate
(P=0.005), ROFA + chocolate (P=0.001) and Control (P=0.003) groups. There was no significant
difference in the TBARS concentration in pancreas (P=0.581). In hypothalamus, the levels of
TBARS were higher in Chocolate group when compared to Control group (P=0.014) and the
ROFA + chocolate group also presented higher levels of TBARS when compared to Control group
(P=0.010) and ROFA group (P=0.046).

Related to antioxidant enzymes, there was no significant difference in the SOD (P=0.771)
and CAT (P=0.898) activities in lungs, in the SOD (P=0.746) and CAT (P=0.723) activities in
heart, in the SOD (P=0.980) and CAT (P=0.227) activities in pancreas and also in hypothalamus
SOD (P=0.936) and CAT (P=0.693) activities among treatment groups.

Discussion

The main findings of this study showed that subchronic exposure to ROFA (also known as
PM5) can modulate metabolic effects of subacute exposure to chocolate in adulthood. In addition,
the ROFA exposure animals exhibited higher chocolate intake which was higher in first week and
minimize over the experiment, but the preference to highly palatable food persists along the

weeks. Chocolate consumption also increased the lipid concentrations and the exposure to air
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pollution decreased abdominal fat deposition and promoted increased of TBARS in lung, heart
and hypothalamus.

Previous reports in the literature shown that long-term exposure to palatable diet in
neonatal handled animals increased the chocolate consumption in adulthood in the first day and
this consumption decreased over time **?. The same profile was observed in our study suggesting
an adaptive behavioral. The reduction of the palatable food consumption is expected once it
evokes physiological responses which adjust caloric intake over the days when molecular
biomarkers related to energy consumption and ingestion are changed and may be involved in
countering hypercaloric intake . Besides chocolate, the standard chow intake consumption also
decreases over time. Eventually, the animals exposed to PM;s and to highly palatable food
reduced the standard chow consumption due the chocolate preference. Therefore, it could be
suggested that subchronic PM,s exposed animals prefer the palatable food although chocolate
consumption decrease over time. In the same direction of our findings, Benettti et al. (2014)
showed chocolate preference tends to decrease over time . The air pollution may be lead to some
biological mechanism related to highly palatable food whereas animals exposed to PM s showed
higher chocolate preference. Other studies done with cafeteria diet also shown palatable food
preference over standard diets 3.

The highly palatable food promotes a more attractive taste than standard food and
influences the regular homeostatic mechanism that regulates energy balance, possibly activating
the brain’s reward circuitry. Due acting in this system, the consumption of highly palatable food
may be compared to drug addiction, inducing neuroadaptive changes which alters reward
thresholds .

Regarding to groups that did not receive chocolate, PM; s exposure did not interfere in
standard chow consumption. So, the air pollution does not interfere in standard chow consumption
whether palatable food is not offered. However, the total amount of standard chow consumed by
these rats was higher than the animals exposed to standard chow and chocolate. Nevertheless, the
caloric intake, which reflects the amount of kilocalories intake, was uniform among groups. We
suggest the palatable food is quickly converted into energy and it is needed a lower intake of
grams to achieve the energy required. Interestingly, the animals that had access to chocolate
reduced the standard chow consumption suggesting a possible compensation effect over calories
intake. In general, the rats consume food to meet its energy requirement®, resembling human
beings.

Studies have demonstrated that exposure to palatable food increase abdominal and

31,32,46

retroperitoneal fat deposition without affecting weight gain Besides, studies have
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demonstrated that increased circulating leptin levels by palatable food access are associated with
increased fat deposit *’*®, In the present study, we verified that chocolate consumption did not
modify the abdominal fat deposition. However, the animals that received PM,s presented
decreased abdominal fat. When analyzed ROFA + chocolate group, the PM; 5 exposure was not
able to decrease the increase of abdominal fat deposition promoted by the highly palatable food.
We suggest that consumption of highly palatable food may lead a change in body mass
composition. In our study, the Chocolate group presented higher efficiency caloric than groups
that did not receive chocolate and the ROFA + chocolate group was not different. Thus, it is
suggested that air pollution exposure tends to modulate the caloric efficiency induced by the
consumption of chocolate, that is, it has a tendency to decrease the energetic utilization induced by
the highly palatable food. Therefore, we suggest the body mass is not a good predictive to evaluate
highly palatable food intake once the slight changes in energy efficiency may not be detected
through this variable. However, when the caloric efficiency is evaluated, the result of how much
of body mass gain was due by caloric intake is more specific.

It is well known that adipose tissue is considered a highly active endocrine and metabolic
structure that reacts against the overnutrition. Adipose tissue serves as source of energy-rich fatty
acids during periods of negative energy balance, reducing its lipid store and releasing fatty acids to
target tissues that require energy. In contrast, the uptake, esterification and storage of fat in
adipocytes in the form of triglycerides allow the expansion of adipose tissue which is a beneficial
and adaptive response to overnutrition that can prevent the fat deposition in other cell types ***°.
Excess fat accumulations is associated with metabolic risk once high levels of free fat acids may
trigger the metabolic syndrome consequently promote insulin resistance, increasing triglyceride
production and release inflammatory cytokines which change the proinflammatory, prothrombotic
and prohypertensive state *°°. The excessive consumption of food with low nutritional value
associated to exposure to environmental pollutants is related to an increasing in adiposity. The
pollutants which invoke this physiologic effect are known as obesogens and may promote a long-
term imbalance in the dynamics of lipid storage or adipose depot adipocyte hyperplasia >.

Biochemical measurements indicate that the consumed chocolate increased levels of
triglycerides and total cholesterol, and the PM;s exposure does not influence these lipid levels.
The chocolate is characterized as a solid dispersion of cocoa mass which contains sugars,
additives, cocoa butter and lecithin that varie depending on the type in which it is presented.
Besides these components, the milk chocolate has fat, milk proteins, and lactose in its formulation
>3 The increase in triglyceride levels was also evidenced in studies that used chocolate in the diet

3132 This increase may be associated to deposition of abdominal fat since the energy excess from
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lipolysis of the abdominal adipose tissue releases to liver large amounts of free fatty acids and this
stimulates liver to produce triglycerides >°. Taken together, the hypercholesterolemic effect
evidenced in our study may be linked to the presence of saturated fat in the milk chocolate
consumed. Interestingly, the chocolate consumption increased the HDL cholesterol levels and
there was no difference in LDL cholesterol levels. In our study, we suggestrd the HDL differences
are related to the fact the chocolate should have at least 25% of cocoa in its formulation **.
Previous studies reported that the dark chocolate consumption increase the HDL cholesterol levels
%556 More studies have to be conduct to help understand the relation among milk chocolate
consumption and changes in lipid parameters once the studies in the literature are controversial
313257 Despite the differences in lipid levels, the blood glucose levels did not was affect to
chocolate intake.

Regarding to oxidative stress parameters, PM,s exposure induces lipid peroxidation in
lung and heart and we did not check changes in the activity of the antioxidant enzymes SOD and
CAT. Wang et al. (2017) shown that intrataqueal instillation to PM, s induced pulmonary toxicity
by disrupted oxidant and antioxidant balance . Acute exposure to ROFA by intranasal instillation
also induce oxidative damage in the lung *°. The PM that accumulates due to long-term exposure
is associated to inflammatory disease as chronic obstructive pulmonary disease and epigenetic
changes that may lead to cancer . The heart is susceptible to the adverse effects due the PM
exposure. In a previous study we showed subchronic exposure to ROFA by intranasal instillation
cause lipid peroxidation in heart % and the oxidative stress was induced by autonomic stimulation,
production of reactive oxygen species and release of inflammatory mediators that access the
systemic circulation or directly by heart interaction °®*. The short and long-term PM exposure is
associated to ischemia, myocardial infarction, heart failure, arrhythmias and stroke "®*%, In the
other hand, chocolate act to prevent the lipid peroxidation in the lung and heart. The chocolate is
known as a food that has polyphenols, mainly flavonoids. The cocoa is rich in three main types of
flavonoids: procyanidins, catechins, and epicatechins, which has antioxidant activity acting in free
radicals deletion and metals chelation **®*%°. Although the manufacture and manipulation of
chocolate causes an 80% reduction in flavonoids, a smaller amount of these compounds are still
found in milk chocolate **®. According to Waterhouse et al. (1996), approximately 5.0mg of
polyphenols can be found in one gram of milk chocolate ®. Thus, in our study we suggest that
daily chocolate intake may trigger protection against oxidative damage in lung and heart by others
antioxidant pathways, such as the glutathione reductase pathways .

The PM_5 exposure associated to chocolate intake promoted increase in MDA levels in

hypothalamus and there was no difference in SOD and CAT activities. We have demonstrated in
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previous studies that PM exposure causes lipid peroxidation in cortex, striatum and cerebellum
212857 The brain uses about 20% of oxygen available by body which results susceptibility to
oxidative stress ®®. The chronic exposure to fat diet induced changes in hypothalamic regulation
and the development of overnutrition diseases, as well as, increased the oxidative stress in the
hypothalamus ®°. Benani et al. (2007) found that the increase in triglyceride promotes an increase
in the reactive oxygen species in the hypothalamus due to an increase in mitochondrial activity
related to fat overload "°. Taken together, we suggest that chocolate consumption, by promoting
fat gain and lipid changes, associated with PM, s exposure act on the hypothalamus increasing the
reactive oxygen species and consequent oxidative conditions and these disorders could exert
changes in brain reward system.

Our study has some limitations. Ideally if the animals were exposed to environmental air
rather than to intranasal suspensions of ROFA more precise outcomes determined by the ambient
air could be found. Furthermore, we exposed the animals to a high palatable sort of food — the
chocolate. Using cafeteria diets may be more similar to human diets and the results would
associate to real world. Also we did not measure levels of inflammatory cytokines and leptin

levels that could have been modified by exposure to ROFA and chocolate, respectively.

Conclusion

The present study demonstrated that subchronic exposure to ROFA increases the
consumption and food preference of chocolate when a choice is offered between standard food
and palatable food. Furthermore, air pollution inclines to modulate caloric efficiency and induce
oxidative stress in the lung and heart, and when associated with chocolate consumption, also
promotes lipoperoxidation in the hypothalamus. The ROFA exposure decreases the abdominal fat
deposition. High concentrations of total cholesterol and triglycerides were related just with
palatable food consumption without influence of the air pollution exposure. These results may
suggest exposure to air pollution associated with the consumption of highly palatable food rich in
fat and sugar are a risk for the beginning of a variety metabolic modifications that can be harmful
to health. Our study highlights the need for reduce or even prevent the air pollution exposure to

protect from the adverse health effects.
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Tables and figures

Table 1. Macronutrient composition of the diets per 100g of food.

Kcal CHO(g) Protein(g) Fat (g)

Standard chow 470 13.8 721 14.0
Chocolate 544 56.0 7.2 324

CHO, carbohydrates.
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Table 2. Glucose and lipid levels of rats exposed to ROFA and highly palatable food.

Control ROFA Chocolate ROFA+chocolate

(n=11) (n=10) (n=11) (n=11)
Glucose (mg/dL) 179.72+28.3 206.80 +57.8 196.18 +33.7 203.73 +56.4
Triglycerides (mg/dL)* 110.00 £29.2* 109.40 +47.1* 178.91 +74.4° 215.27 +70.1°
Cholesterol total (mg/dL)* 58.18 £10.5°  62.90+7.6°  76.45+9.4° 77.27 £9.7°
HDL (mg/dL)* 26.18+4.0°  2920+45*  3518+3.1° 36.55 +2.9°
LDL (mg/dL) 10.0 £6.9 13.4+8.0 9.73+5.3 73643

HDL.: high-density lipoprotein; LDL: low-density lipoprotein. Data are show as mean + SD; One-Way
ANOVA, followed by Tukey’s test. .*Significant difference. ® Different compared to  (P<0.001).
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Table 3. Oxidative stress parameters of rats exposed to ROFA and highly palatable food.

Control ROFA Chocolate ROFA + chocolate
(n=11) (n=10) (n=11) (n=11)
Lung
TBARS (nmol/mg protein) * 69.07 + 25.05° 129.70 + 52.13" 64.62 + 20.186° 74.31 + 27.30°
SOD (U/mg protein) 2.35+0.82 2.63+£0.97 2.39+£0.71 2.64£0.84
CAT (pmol/mg protein) 97.20 + 32.89 104.40 £ 15.74 102.74 +15.31 101.34 £ 21.67
Heart
TBARS (nmol/mg protein) * 138.31 + 37.06% 284.61 + 133.49° 153.16 + 37.58% 135.26 + 41.61%
SOD (U/mg protein) 2.13+0.57 1.95+0.56 2.185+0.51 1.97+£0.42
CAT (pmol/mg protein) 69.83 +12.25 70.42 +£8.30 65.96 +11.38 70.05+8.5
Pancreas
TBARS (nmol/mg protein) 102.59 £+ 18.09 110.69 + 29.38 100.60 £29.40 115.58 + 30.07
SOD (U/mg protein) 2.96 £ 0.68 2.84£0.79 2.90£0.99 297 +0.76
CAT (pmol/mg protein) 25.63 £ 4.51 22.78 £9.19 2752 +5.94 29.60 £9.77

Hypothalamus
TBARS (nmol/mg protein) *

SOD (U/mg protein)
CAT (pmol/mg protein)

697.19 + 135.52°
8.71+3.02
25.52 +5.46

754.64 + 136.95¢
9.30 +3.00
25.80 + 3.30

980.46 + 273.69°
8.90 + 2.43
28.18 +9.03

1001.50 + 150.94°
8.50 +2.33
25.27 + 6.08

MDA: Malondialdehyde; SOD: superoxide dismutase; CAT: catalase. Data are show as mean = SD;
One-way ANOVA followed by Tukey’s test. *Significant difference. ° different compared to
(P<0.001). © different compared to ® and ¢ (P=0.002).

a
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Figure 1
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Figure 3
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Figure 4
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Figure 5
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Figure 6
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Figure legends
Figure 1. Experimental procedure.

Figure 2. Chocolate intake of rats exposed to ROFA in habituation period. * 6™ vs. 1% (P<0.001)
and 3" (P=0.001) days in ROFA + chocolate group. * ROFA + chocolate group vs. Chocolate
group in test session (P<0.001). Two-way ANOVA repeated-measures followed by Tukey’s test.

Data are expressed as mean + SE.

Figure 3. Standard lab chow and chocolate consumption of rats exposed to ROFA. A) Standard
lab chow intake. * 3™ week vs. 1% week (P=0.016) in Chocolate group. **2™ (P=0.005), 3"
(P=0.006) and 4™ (P=0.004) weeks vs. 1% week in ROFA + chocolate group. # 4™ week vs. 1°
week (P=0.005) in Control group. ## 2™ (P<0.001), 3" (P=0.024) and 4™ (P<0.001) weeks vs. 1°
week in ROFA group. & 2™ (P=0.037), 3" (P<0.001) and 4™ (P<0.001) weeks in chocolate group
vs. ROFA + chocolate group B) Chocolate intake. ** 2™ (P=0.001) and 3™ (P=0.040) and 4"
(P=0.012) weeks vs. 1% week in Chocolate group. * 2™, 3" and 4™ (P<0.001) weeks vs. 1% week
in ROFA + chocolate group. # ROFA + chocolate vs. Chocolate group in 1% (P=0.006) and 2™
(P=0.010) weeks. Two away ANOVA repeated-measures followed by Tukey’s test. Data are

expressed as mean + SD.

Figure 4. Palatable food preference of rats exposed to ROFA. * ROFA + chocolate vs. Chocolate
group in 1% (P=0.033), 2™ (P<0.001) 3" (P=0.008) and 4™ (P<0.001) weeks. Two-way ANOVA

followed by Tukey’s test. Data are expressed as mean + SD.

Figure 5. Caloric consumption and caloric efficiency of rats exposed to ROFA and highly
palatable food. A) Total calories intake. One-Way ANOVA. P=0.515. B) Caloric efficiency. *
Chocolate vs. Control (P=0.017) and vs. ROFA (P=0.032) groups. One-Way ANOVA followed

by Tuckey’s test. Data are expressed as mean + SD.

Figure 6. Body mass gain in 30 days period of chocolate or standard lab chow consumption. *4"
week vs. 1% (P<0.001), 2™ (P<0.001) and 3" (P=0.003) weeks in Chocolate group. **3™ and 4%
weeks vs. 1% and 2™ weeks (P<0.001, respectively) in ROFA + chocolate group, vs. 1% and 2™
weeks (P<0.001, respectively) in Control group and vs. 1% and 2" weeks (P=0.001, P=0.003 and
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P<0.001, respectively) in ROFA group. Two-Way ANOVA repeated-measures followed by

Tuckey’s test. Data are expressed as mean + SD.

Figure 7. Abdominal fat deposition of rats exposed to ROFA and highly palatable food. * ROFA
vs. Chocolate (P=0.005) group; ¥ ROFA vs. ROFA + chocolate (P=0.044) group. One-Way
ANOVA followed by Tukey’s test. Data are expressed as mean £ SD.
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6 Conclusao

No presente estudo concluimos que:
e A exposicdo ao ROFA promoveu aumento do consumo de alimento

altamente palatavel;

A exposicdo ao ROFA promoveu aumento da preferéncia alimentar por

alimento altamente palatavel;

e A exposicdo ao ROFA ndo modificou a ingestéo calorica,

mas inclinou-se a modular a eficiéncia calorica,;

e A exposicao ao ROFA nao alterou a variagcdo de massa corporal,

e A exposi¢cdo ao ROFA reduziu a deposi¢cao de gordura abdominal;

e A exposicado ao ROFA nao alterou os niveis de glicose e do perfil lipidico.
As alteracdes no Colesterol total, colesterol - HDL e triglicerideos foram
promovidas somente pela exposicado ao alimento altamente palatavel;

o A exposi¢cdo ao ROFA promoveu lipoperoxidacdo no pulmao e coracéo, e,
quando associado ao alimento altamente palatavel, promoveu
lipoperoxidagédo no hipotalamo;

e A exposicado ao ROFA nao modificou a atividade das enzimas antioxidantes

SOD e CAT.

Sugerimos entdo, que a poluicdo do ar associada ao consumo de alimentos
altamente palataveis, pode ser um risco para uma variedade de modificacdes
metabdlicas que sao prejudiciais a salde. Nosso estudo destaca a necessidade de
reduzir ou mesmo evitar a exposi¢cdo a poluicdo do ar para proteger dos efeitos

adversos a saude.
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7 Anexos

7.1Normas da revista

Instructions for authors

Thank you for choosing to submit your paper to us. These instructions will ensure we have
everything required so your paper can move through peer review, production and publication
smoothly. Please take the time to read and follow them as closely as possible, as doing so will

ensure your paper matches the journal’s requirements.

AUTHORSERVICES

Supporting Taylor & Francis authors

OMNET

This journal uses ScholarOne Manuscripts (previously Manuscript Central) to peer review

manuscript submissions. Please read the guide for ScholarOne authors before making a

submission. Complete guidelines for preparing and submitting your manuscript to this

journal are provided below.

About the journal

Inhalation Toxicology is an international, peer reviewed journal, publishing high-quality, original

research. Please see the journal’s Aims & Scope for information about its focus and peer-review

policy.

Please note that this journal only publishes manuscripts in English.

This journal accepts the following article types: original papers, reviews, measurement

technology, modelling/symmetry and letters to the Editor.

Peer review

Taylor & Francis is committed to peer-review integrity and upholding the highest standards of
review. Once your paper has been assessed for suitability by the editor, it will then be single blind

peer-reviewed by independent, anonymous expert referees. Find out more about what to expect

during peer review and read our guidance on publishing ethics.
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Preparing your paper

All authors submitting to medicine, biomedicine, health sciences, allied and public health journals

should conform to the Uniform Requirements for Manuscripts Submitted to Biomedical Journals,

prepared by the International Committee of Medical Journal Editors (ICMJE).

Structure

Your paper should be compiled in the following order: title page; abstract; keywords; main text:
introduction, methods, results, discussion, conclusion; acknowledgments; declaration of interest
statement; references; appendices (as appropriate); table(s) with caption(s) (on individual pages);

figures; figure captions (as a list).

Word count

Please include a word count for your paper. A typical paper for this journal should not exceed

12000 words; inclusive of tables, references, figure captions.

Style guidelines

Taylor & Francis quick layout guide
Please follow any specific Instructions for Authors provided by the Editor of the journal, which

are available on the journal pages at www.tandfonline.com. Please also see our guidance

on putting your article together, defining authorship and anonymizing your article for peer review.

We recommend that you use our templates to prepare your article, but if you prefer not to use

templates this guide will help you prepare your article for review.

If your article is accepted for publication, the manuscript will be copyedited and typeset in the

correct style for the journal.
Font: Times New Roman, 12 point, double-line spaced. Use margins of at least 2.5 cm (or 1 inch).

Title: Use bold for your article title, with an initial capital letter for any proper nouns.
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Abstract: Indicate the abstract paragraph with a heading or by reducing the font size. Check
whether the journal requires a structured abstract or graphical abstract by reading the Instructions

for Authors. The Instructions for Authors may also give word limits for your abstract.

Keywords: Please provide keywords to help readers find your article. If the Instructions for

Authors do not give a number of keywords to provide, please give five or six.

Headings: Please indicate the level of the section headings in your article:

1. First-level headings (e.g. Introduction, Conclusion) should be in bold, with an initial capital
letter for any proper nouns.

2. Second-level headings should be in bold italics, with an initial capital letter for any proper
nouns.

3. Third-level headings should be in italics, with an initial capital letter for any proper nouns.

4. Fourth-level headings should be in bold italics, at the beginning of a paragraph. The text
follows immediately after a full stop (full point) or other punctuation mark.

5. Fifth-level headings should be in italics, at the beginning of a paragraph. The text follows

immediately after a full stop (full point) or other punctuation mark.

Tables and figures: Indicate in the text where the tables and figures should appear, for example
by inserting [Table 1 near here]. The actual tables should be supplied either at the end of the text
or in a separate file. The actual figures should be supplied as separate files. The journal Editor’s
preference will be detailed in the Instructions for Authors or in the guidance on the submission
system. Ensure you have permission to use any tables or figures you are reproducing from another

source.

Running heads and received dates are not required when submitting a manuscript for review;

they will be added during the production process.

Spelling and punctuation: Each journal will have a preference for spelling and punctuation,
which is detailed in the Instructions for Authors. Please ensure whichever spelling and punctuation

style you use is applied consistently.
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Formatting and templates

Papers may be submitted in any standard format, including Word and LaTeX. Figures should be
saved separately from the text. To assist you in preparing your paper, we provide formatting

template(s).

References

Taylor & Francis Standard Reference Style: CSE citations are widely used for scientific journals
and are based on international principles adopted by the National Library of Medicine. This guide
is based on Scientific Style and Format: The CSE Manual for Authors, Editors, and Publishers, 7th
edition, 2006. NB: examples in the CSE manual follow the citation-name system, so need to be

converted for this name-year system.

Checklist: what to include

. Author details. Please ensure everyone meeting the International Committee of Medical Journal

Editors (ICJME) requirements for authorship is included as an author of your paper. Please

include all authors’ full names, affiliations, postal addresses, telephone numbers and email
addresses on the cover page. Where available, please also include ORCIDs and social media
handles (Facebook, Twitter or LinkedIn). One author will need to be identified as the
corresponding author, with their email address normally displayed in the article PDF (depending
on the journal) and the online article. Authors’ affiliations are the affiliations where the research
was conducted. If any of the named co-authors moves affiliation during the peer-review process,
the new affiliation can be given as a footnote. Please note that no changes to affiliation can be
made after your paper is accepted.

. A structured abstract should cover (in the following order) .

. A structured abstract of no more than 250 words. A structured abstract should cover (in the
following order): its objective, its materials and methods (the experimental system and procedures
used), the results and discussion and conclusions.

. You can opt to include a video abstract with your article.
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Funding details. Please supply all details required by your funding and grant-awarding bodies as
follows: For single agency grants: This work was supported by the under Grant For multiple

agency grants: This work was supported by the under Grant ; under Grant ; and under Grant .
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Disclosure statement. This is to acknowledge any financial interest or benefit that has arisen from
the direct applications of your research.

Geolocation information. Submitting a geolocation information section, as a separate paragraph
before your acknowledgements, means we can index your paper’s study area accurately in
JournalMap’s geographic literature database and make your article more discoverable to others.
Supplemental online material. Supplemental material can be a video, dataset, fileset, sound file
or anything which supports (and is pertinent to) your paper. We publish supplemental material

online via Figshare.
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for colour). Figures should be saved as TIFF, PostScript or EPS files.

Tables. Tables should present new information rather than duplicating what is in the text. Readers
should be able to interpret the table without reference to the text.

Equations. If you are submitting your manuscript as a Word document, please ensure that
equations are editable.

Units. Please use Sl units (non-italicized).
Using third-party material in your paper

You must obtain the necessary permission to reuse third-party material in your article. The use of
short extracts of text and some other types of material is usually permitted, on a limited basis, for
the purposes of criticism and review without securing formal permission. If you wish to include
any material in your paper for which you do not hold copyright, and which is not covered by this
informal agreement, you will need to obtain written permission from the copyright owner prior to

submission.
Disclosure statement

Please include a disclosure of interest statement, using the subheading "Disclosure of interest.” If
you have no interests to declare, please state this (suggested wording: The authors report no
conflicts of interest). For all NIH/Wellcome-funded papers, the grant number(s) must be included

in the disclosure of interest statement
Clinical Trials Registry

In order to be published in a Taylor & Francis journal, all clinical trials must have been registered

in a public repository at the beginning of the research process (prior to patient enrolment). Trial
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registration numbers should be included in the abstract, with full details in the methods section.
The registry should be publicly accessible (at no charge), open to all prospective registrants, and
managed by a not-for-profit organization. For a list of registries that meet these requirements,

please visit the WHO International Clinical Trials Registry Platform (ICTRP). The registration of

all clinical trials facilitates the sharing of information among clinicians, researchers, and patients,

enhances public confidence in research, and is in accordance with the ICMJE guidelines.

Complying with ethics of experimentation

Please ensure that all research reported in submitted papers has been conducted in an ethical and
responsible manner, and is in full compliance with all relevant codes of experimentation and
legislation. All papers which report in vivo experiments or clinical trials on humans or animals
must include a written statement in the Methods section. This should explain that all work was
conducted with the formal approval of the local human subject or animal care committees
(institutional and national), and that clinical trials have been registered as legislation requires.
Authors who do not have formal ethics review committees should include a statement that their

study follows the principles of the Declaration of Helsinki.

Consent

All authors are required to follow the ICMJE requirements on privacy and informed consent from

patients and study participants. Please confirm that any patient, service user, or participant (or that
person’s parent or legal guardian) in any research, experiment, or clinical trial described in your
paper has given written consent to the inclusion of material pertaining to themselves, that they
acknowledge that they cannot be identified via the paper; and that you have fully anonymized
them. Where someone is deceased, please ensure you have written consent from the family or

estate. Authors may use this Patient Consent Form, which should be completed, saved, and sent to

the journal if requested.

Health and safety

Please confirm that all mandatory laboratory health and safety procedures have been complied
with in the course of conducting any experimental work reported in your paper. Please ensure your

paper contains all appropriate warnings on any hazards that may be involved in carrying out the
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experiments or procedures you have described, or that may be involved in instructions, materials,

or formulae.

Please include all relevant safety precautions; and cite any accepted standard or code of practice.

Authors working in animal science may find it useful to consult the International Association of

Veterinary Editors’ Consensus Author Guidelines on Animal Ethics and Welfare and Guidelines

for the Treatment of Animals in Behavioural Research and Teaching. When a product has not yet

been approved by an appropriate regulatory body for the use described in your paper, please
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upload your LaTeX source files with the PDF).

Please note that Inhalation Toxicology uses Crossref™ to screen papers for unoriginal material.
By submitting your paper to Inhalation Toxicology you are agreeing to originality checks during

the peer-review and production processes.

On acceptance, we recommend that you keep a copy of your Accepted Manuscript.

Publication charges

There are no submission fees or page charges for this journal.
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Copyright options

Copyright allows you to protect your original material, and stop others from using your work
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including Creative Commons licenses when publishing open access.
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We will deposit all National Institutes of Health or Wellcome Trust-funded papers into
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replacing the AMO version.

The VOR is the article version that will appear in an issue of the journal. Both the AMO version
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