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RESUMO

A obesidade é uma doenca multifatorial que tem em sua origem fatores
geneéticos, psicossociais, nutricionais, metabdlicos e enddcrinos. A obesidade e
a sepse em conjunto, sdo uma causa de crescente preocupacdo no mundo
ocidental e o aumento da morbidade e mortalidade tém sido relatados em
pacientes obesos criticamente enfermos. O mecanismo exato para este
fendbmeno ainda ndo esta esclarecido. O presente trabalho teve como objetivo
avaliar eventuais consequéncias da obesidade sobre aspectos da resposta
imune inata de ratos submetidos a sepse polimicrobiana. No primeiro artigo
foram avaliadas as consequéncias da sepse em ratos obesos através da
analise do leucograma e da histologia do pulméo. Neste trabalho encontramos
aumento de leucdcitos totais tanto nos ratos submetidos a cirurgia de inducéo
da sepse (CLP) quanto aqueles sham-operados nos tempos de 4 e 24 horas
apos os procedimentos. Os ratos obesos sépticos apresentam maior lesao
pulmonar apds 24h da sepse do que os outros grupos. No segundo artigo
avaliou-se a funcédo de macrofagos alveolares de ratos obesos frente a sepse
polimicrobiana. Foram analisados o indice de aderéncia, a taxa de fagocitose, a
producdo de 6xido nitrico e a producédo de citocinas IFN-y e IL-12 de ratos
normais e obesos sépticos ou sham-operados nos tempos de 4 e 24 horas. Os
resultados desse trabalho mostraram que os ratos obesos sépticos produziram
maior quantidade de NO ap0s 4h e 24h da cirurgia de inducéo da sepse (CLP)
em relacdo aos demais grupos. Assim, o resultado deste trabalho demonstrou
que a obesidade em situacOes de estresse organico como a sepse pode
exacerbar a resposta imune inata deixando o individuo susceptivel a piora do

quadro clinico comprometendo a sobrevivéncia do individuo nesta situacéo.



ABSTRACT

Obesity is a multifactorial disease that has its origins in genetic,
psychosocial, nutritional, metabolic and endocrine disturbances. Obesity and
sepsis together, are a cause of increasing concern in the Western world and the
increased morbidity and mortality have been reported in critically ill obese
patients. The exact mechanism for this phenomenon is still unclear. This study
aimed to evaluate possible consequences of obesity on innate immune system
of rats submittted to polymicrobial sepsis. In the first article we evaluated the
consequences of sepsis in obese rats by analysis of WBC and lung histology. In
this study we found increased total leukocytes both in rats subjected to surgical
induction of sepsis (CLP) and sham-operated ones in times of 4 and 24 hours
after the procedures. Obese rats have more severe septic lung injury after 24
hours of sepsis than other groups. In the second article evaluated the function
of alveolar macrophages from obese rats against the polymicrobial sepsis. We
analyzed the rate of adherence, the rate of phagocytosis, nitric oxide production
and the production of cytokines IFN-y and IL-12 in normal rats and obese septic
or sham-operated at times of 4 and 24 hours. The results of this study showed
that obese rats produced higher amounts of NO 4 h and 24h after surgery
induction of sepsis (CLP) compared to other groups. Thus, the results of this
study demonstrated that obesity in stress situations such as organic sepsis may
exacerbate innate immune response leaving the individual susceptible to

worsening of clinical compromising the survival of the individual in this situation.
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1. INTRODUCAO

A obesidade é uma doenca multifatorial que tem em sua origem fatores
genéticos, psicossociais, nutricionais, metabdlicos e endocrinos (WHO, 2006) e
tornou-se um grave problema de saude publica nas ultimas décadas. Segundo
o World Health Organization (WHO), existem aproximadamente 1,6 bilhdes de
adultos com sobrepeso e 500 milhGes de adultos com obesidade em todo o
mundo e a projecao € que em 2015 esses valores cheguem a 2,3 bilhdes de

adultos com sobrepeso e mais de 700 milhdes serdo obesos.

O surgimento e a manutencao da obesidade contam com a contribuicdo
de fatores que atuam na regulacdo da ingestdo de alimentos através de um
complexo sistema de sinais centrais e periféricos que interagem para modular a
ingestdo de nutrientes de forma individual (Valassi et al.,, 2008) e no
armazenamento de energia (Bouchard, 2000). Assim, a principal causa da
obesidade é o desequilibrio entre a quantidade de energia consumida e o gasto
desta, levando a um acumulo no organismo. Esse armazenamento tem como
conseqUéncia o excesso de massa gordurosa que se traduz ndo apenas em
um depdsito de energia, mas também em um 6érgdo enddcrino (Garruti et al.,
2008). Essa gordura encontra-se dispersa por todo o organismo e sua atividade
secretéria € regulada por mecanismos humorais e hormonais pouco

esclarecidos.

O excesso de gordura corporal tem sido associado ao aumento da

morbimortalidade, condicdo que aumenta o risco de desenvolvimento de




patologias como diabetes, hipertensdo, dislipidemias e até mesmo certos tipos
de cancer (Fujimoto et al, 1999, Halpern et al, 2004). Vale salientar que existem
dois tipos de tecido adiposo com func@es fisioldgicas diferentes. Assim sao
classificados como tecido adiposo branco, aquele localizado na regido
subcutéanea e abdominal (ou visceral); e tecido adiposo marrom que esta bem
distribuido no organismo, além disso, em humanos, o tecido adiposo marrom
apresenta-se em maior quantidade no inicio da vida e é reduzido na fase adulta
(Lazar, 2008). O tecido adiposo marrom tem funcdo importante no metabolismo
oxidativo, através da oxidacdo de acidos graxos para geracdo de calor; e sua
coloracdo amarronzada se da pelo grande niumero de mitocondrias, ou seja, 0
citocromo contido dentro desta organela (Lazar, 2008). Ja o tecido adiposo
branco, atualmente, € reconhecido por possuir diversas funcdes tais como
barreira fisica, isolamento térmico, armazenamento de energia e secrecdo de

substéancias bioativas com acao local e a distancia (Fantuzzi, 2005).

Nos depdésitos de gordura também é possivel encontrar diversos tipos de
células como macrofagos, pré-adipdcitos e adipdcitos (Trayhurn and Wood,
2005). Produtos do tecido adiposo como adipocinas desempenham um
importante papel no equilibrio energético, na sensibilidade a insulina e doenca

vascular e na resposta imunologica (Prins, 2002).

O tecido adiposo possui, neste momento, um importante papel em
pesquisas que tratam da obesidade devido a um novo entendimento sobre a
biologia do adipocito e a descoberta de suas fungdes endocrinas e de

sinalizacdo (Ahima and Flier, 2000). Sendo assim, o estudo da obesidade tem



se tornado atraente do ponto de vista da biologia celular e molecular. Logo, o
principal alvo dessas pesquisas é o tecido adiposo branco por ser um grande
armazenador de energia na forma de triglicerideos e por apresentar um grande
namero de células secretdrias, o0 que o torna um dos maiores 06rgaos

endocrinos do nosso corpo (Trayhurn, 2007).

A obesidade em individuos adultos tem sido associada com elevada
concentracdo de leptina circulante devido a sua producdo quase exclusiva no
tecido adiposo correlacionando-se com a massa adiposa, e a tendéncia ao
ganho de peso em populacfes ndo obesas com altos niveis basais de leptina
podendo sugerir uma resisténcia a leptina nesses individuos (Lissner et al.,
1999). Alguns autores também tém sugerido que a elevada concentracdo de
leptina no plasma pode estar associada a um transporte prejudicado da leptina
na barreira hemato-encefalica, e consequientemente uma resisténcia central ao
sinal da leptina (Banks et al., 1999). Uma das ac¢bes periféricas da leptina € a
reducdo da sintese e da secrecao de insulina formando assim um eixo adipo-
insular. A resisténcia a acdo da leptina pode levar a interrup¢éo do eixo adipo-
insular, hiperinsulinismo e diabetes mellitus tipo 2 associada a obesidade

(Seufert, 2004). Nesse sentido, a adiposidade central tem sido relacionada com

resisténcia a insulina e com as doencas cardiovasculares.

Além da leptina, outros produtos do tecido adiposo com suas diversas
estruturas e funcdes tém demonstrado grande importancia. As adipocinas,
como sdo chamadas incluem citocinas classicas, fatores de crescimento e

proteinas do sistema complemento; incluem ainda, proteinas envolvidas na



regulacdo da pressdo sanguinea, homeostase vascular, metabolismo dos

lipidios, da glicose e angiogénese (Trayhurn, 2007).

Os adipécitos possuem propriedades inflamatoérias intrinsecas, sao
sensiveis a agentes infecciosos e a sinais inflamatérios mediados por citocinas,
além disso, essas células expressam receptores que sédo capazes de detectar
a presenca de patdégenos e de mediadores inflamatérios (Ramalho and
Guimaraes, 2008). Os adipocitos podem reagir a varios mediadores
inflamatorios tais como IL-1p, IL-4, IL-6, IL-11, IFN-y e diversos componentes
da parede celular de microrganismos (Bergh and Scherer, 2005). Os receptores
ao serem estimulados ativam diversos sinais de transducdo da cascata
inflamatoria, induzindo assim, a expressdo e secrecao de proteinas de fase
aguda e mediadores da inflamagdo como TNFa, IL-1p, IL-6, IL-8, IL-10, fatores
B e C3 do complemento, prostaglandina E2 entre outros, e ainda moduladores
inflamatorios como a adiponectina, resistina e leptina (Bergh and Scherer,

2005).

A elevada quantidade de tecido adiposo em individuos obesos tem
contribuido para uma relacdo direta entre obesidade e inflamacdo sistémica
(Bergh and Scherer, 2005). Em 1993, Hotamisligil et al., demonstrou pela
primeira vez a existéncia de um estado inflamatorio relacionado ao tecido
adiposo e seu papel na obesidade. Observou ainda, a expressao da citocina
pro-inflamatéria (TNF-a) no tecido adiposo branco induzida pela obesidade,

além disso, demonstrou que a elevada expresséo desta citocina contribuiu para



a resisténcia a insulina de forma sistémica e para uma relacdo direta entre

obesidade e inflamacéao sistémica (Bergh and Scherer, 2005).

Sabe-se atualmente que a obesidade esta associada com um baixo grau
de inflamacao, porém os mecanismos envolvidos ainda séo pouco esclarecidos
(Bastard et al., 2006). Alguns autores relatam a existéncia de uma resposta
inflamatoria cronica, caracterizada por uma producao excessiva de adipocinas,
ativacdo de algumas vias de sinalizacédo pro-inflamatéria e consegientemente
a inducéo de diversos marcadores de inflamacao (Sartipy and Loskutoff, 2003).
Os marcadores que estdo presentes em niveis elevados na obesidade sdo a
proteina C-reativa (PCR), o fator de necrose tumoral-o. (TNF-o), a interleucina-
6 (IL-6), entre outros. Além disso, a quantidade elevada de IL-6 circulante leva
a um aumento nos niveis séricos de proteina C-reativa que em individuos
obesos pode causar o diabetes do tipo 2 em pouco tempo, por contribuir com

resisténcia a insulina (Barzilay et al., 2001).

Além dos sinalizadores e marcadores inflamatodrios, estudos tém
identificado células do sistema imune (mondcitos/macréfagos) como
participantes ativos na inflamacdo induzida pela obesidade e suas
complicagbes (Ferrante Jr, 2007). A infiltracdo e ativacdo de macréfagos no
tecido adiposo branco parecem ser multifatoriais. As vias de sinalizacdo sejam
elas paracrinas, autécrinas ou enddocrinas assim como as modificacdes
mecanicas (hiperplasia e hipertrofia do adip6cito) parecem possuir um papel
importante nesse processo (Cancello and Clément, 2006). A atracdo e retencéo

de macréfagos no tecido adiposo branco parecem estar relacionadas com uma



hipoxia do tecido adiposo. Sabe-se que a hipoxia tecidual local induz a atracéo
e manutencado de macréfagos em alguns tumores sélidos e placas de ateroma

(Murdoch et al., 2005).

Em individuos obesos, o tecido adiposo encontra-se pouco
vascularizado devido a grande expansdo desse tecido e o consequente
afastamento entre vasos e adipdcitos levando-os a hipoxia e posterior necrose
(Beltowski, 2006). Diversos autores tém sugerido que essa hipoxia estimula a
liberacdo de citocinas pré-inflamatérias e fatores angiogénicos como o VEGF
(Fator de Crescimento do Endotélio Vascular) levando a um aumento do fluxo
sanguineo e estimulando a vascularizacédo (Trayhurn and Wood, 2005). Outro
fator que participa da resposta metabdlica a hipoxia é o HIF-I (Fator Induzivel
de Hipoxia — 1) ativado nos estados de hipoxia através da estimulacdo da
expressdo de sua subunidade alfa, tornando-se assim, um fator de transcricéo

ativado (Trayhurn and Wood, 2005).

Estudos tém demonstrado que a maioria dos agregados de macrofagos
no tecido adiposo esta localizada em torno de adipdcitos mortos, sugerindo que
esses macréfagos possuem uma fungdo de limpeza de células necrosadas do
tecido adiposo (Cinti et al., 2005). Também foi observado um agregado de
macréfagos no processo de formacdo de novos vasos em locais de inflamacao
e areas isquémicas (Cursiefen et al., 2004). A angiogénese que ocorre com a

participacdo dos macrofagos leva a uma hipoxia local.



Assim, 0s macrofagos podem contribuir para o controle local da
expansdo de massa gorda e a sua funcdo biologica (Cancello and Clément,
2006). Neste sentido, o macrofago produz duplo efeito sobre o tecido adiposo
branco — um efeito benéfico local, controlando e limitando o desenvolvimento
de massa gorda e simultaneamente um efeito deletério sistémico através da
producdo e secrecdo de quimiocinas e citocinas inflamatérias que favorecem a
geracao e progressao das complicacdes relacionadas a obesidade (Permana et
al., 2006). Esse conjunto de células e substancias mediadoras do sistema
imunologico sdo essenciais para o controle de uma resposta imunoldgica

efetiva.

Nesse sentido, a resposta imune € fundamental na defesa contra
agentes infecciosos e se constitui no principal impedimento para a ocorréncia
de infeccBes locais e disseminadas. Sabe-se que para a quase-totalidade das
doencas infecciosas, o numero de individuos expostos a infeccdo é bem
superior ao dos que realmente apresentam doenca, indicando que a maioria
das pessoas tem condi¢cdes de destruir esses microorganismos e impedir a
progressdo da infeccdo (Janeway, 2001). Por outro lado, as deficiéncias
imunoldgicas, sejam da imunidade inata (disfuncdes de células fagociticas e
deficiéncia de complemento) ou da imunidade adaptativa (deficiéncia de
producdo de anticorpos ou deficiéncia da funcao de células T), sdo fortemente

associadas com aumento de susceptibilidade a infeccbes (Machado et al.,

2004).

A sepse € uma sindrome clinica que resulta de uma interacdo complexa

entre o hospedeiro e os agentes infecciosos, e é caracterizada pela ativacédo



sistémica de mudltiplas vias inflamatérias, incluindo a rede de citocinas e
coagulacdo levando ainda a uma inflamacdo descontrolada e supressdo
imunologica (Van der Poll, 2001; Hotchkiss and Karl, 2003). Alteracdes
celulares, distarbios microcirculatorios difusos e desequilibrio hemodinamico,
levam a uma ruptura entre o fluxo sanguineo e os requerimentos metabdlicos
implicando no desenvolvimento da disfuncdo de mdultiplos 6rgaos, responsavel
pela maioria das mortes (Giantomasso et al., 2003). Dessa forma, todas as
alteracdes que ocorrem num quadro de sepse exigem investigacdo: o foco
infeccioso, as alteracbes hemodinamicas e a resposta inflamatéria local e
generalizada. Vale ressaltar que a ativacdo das células inflamatorias é

primordial para o desenvolvimento da sepse (Galanos and Freudenberg, 1993).

A sepse € mediada por estimulo infeccioso e muitas manifestacdes
clinicas da sepse podem ser aplicadas em modelos experimentais com animais
(Bleuter, 2004). Alguns modelos tém sido propostos tais como: administracao
endovenosa de LPS (endotoxemia) ou de bactérias como a E.Coli
(bacteremia), usadas devido ao seu poder de mimetizar as manifestacées que
ocorrem na sepse; administracdo intraperitoneal da bactéria viva ou de
componentes microbianos como o LPS; modelos de injdria do intestino com
consecutiva liberagéo da flora microbiana, tais como: ligadura e perfuragdo do
ceco (cecal ligation and puncture — CLP) e introducdo de cateter no cdlon
ascendente (colon ascendens stent peritonitis — CASP) (Macarthur et al, 2000).
Os modelos de liberacao da flora bacteriana (CLP e CASP) séo os que mais se
assemelham ao quadro de sepse em humanos. Nesses modelos, depois que

ocorre a perfuracdo da parede intestinal, a liberacdo do conteudo célico ocorre



gradativamente em direcdo a cavidade peritoneal. A chegada deste contetdo
na cavidade induz a peritonite, que pode evoluir para um quadro de sepse ou

choque séptico (Benjamim, 2001).

Estudos tém demonstrado que o processo de infeccdo sistémica tem
prejudicado diversos 6rgdos sendo o pulmdo um dos mais afetados. Existem
evidéncias de que a sepse causa prejuizos a funcédo imune por induzir defeitos
na imunidade inata (Cohen, 2002). Particularmente existe um importante
defeito no recrutamento de neutréfilos durante a sepse severa caracterizada
pela falha de migracéo para o local da infeccédo associado ao sequestro dessas
células pelo pulmao. Neutréfilos e macréfagos sdo capazes de gerar espécies
reativas de oxigénio e enzimas, que medeiam fagocitose de microbios (Segal,
2005). Nitrito Inorganico (NOy) encontrado em meio de cultura de macréfagos
ativados e a secrecao de especies reativas de oxigenio por macrofagos durante
a fagocitose esta associado com atividade antimicrobiana (Tasat et al., 2003).

Assim como as especies reativas de oxigenio, as citocinas também

possuem papel importante na condu¢ao do processo infeccioso.

Diversos estudos tém demonstrado que individuos sépticos,
especialmente aqueles que possuem algum grau de desnutricdo ou excesso de
peso e obesidade, apresentam piora no equilibrio metabdlico e na resposta
imune. O presente estudo pretende avaliar possiveis efeitos danosos as células
do sistema imunologico e avaliar aspectos da resposta imune inata, de ratos
que receberam dietas hiperlipidicas por longo periodo. Sabe-se que a sepse é
uma sindrome inflamatéria sisttmica onde a resposta imune inata esta

presente e precisa ser estudada no sentido de compreender melhor o seu
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mecanismo de desenvolvimento. Os resultados do presente trabalho poderao
auxiliar o estudo e a compreenséao de eventuais efeitos maléficos da obesidade
sobre o sistema imune inato de ratos sépticos comparados aqueles sadios. Ou
seja, 0 tratamento da sepse em individuos obesos merece maior atencao

devido a sua vulnerabilidade imunoldgica.
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2. OBJETIVOS

2.1. Geral

Avaliar as consequéncias da obesidade sobre aspectos da resposta

imune inata de ratos obesos submetidos a sepse.

2.2. Especificos

» Avaliar em macréfagos alveolares, apds 4 e 24 horas de sepse: o indice
de aderéncia, a taxa de fagocitose, a producdo de Oxido nitrico e a

liberagdo de citocinas (IFN-y e IL-12);

» Avaliar ainda, apds 4 e 24 horas de sepse: o perfil de células da série
branca do sangue periférico (leucograma); os niveis de proteina C-

reativa e a histologia do pulméo de ratos dos grupos estudados.
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3. HIPOTESES

Ho — Ratos obesos apresentam resposta imunoldgica semelhante aos ratos

normais apos inducéo de sepse abdominal.

H; — Ratos obesos apresentam resposta imune inata aumentada, quando

submetidos a sepse polimicrobiana abdominal.
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METODOS
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4. METODOLOGIA

Este estudo foi aprovado pela Comissdo de Etica na Experimentagéo
Animal (CEEA) da Faculdade de Odontologia da Universidade Federal da

Bahia, em 24 de Abril de 2007.

4.1. Animais

Ratos, albinos, machos da linhagem Wistar, foram obtidos da col6nia de
criacdo do Instituto de Ciéncias da Saude da Universidade Federal da Bahia, e
foram mantidos no biotério sob temperatura de 23 + 2°C e ciclo claro/escuro de
12 horas (claro - 6 as 18h; escuro - 18 as 6h), recebendo ad libitum, as

respectivas racoes e a agua.

4.2. Manipulagéo nutricional

Apds o nascimento, os filhotes machos foram mantidos com suas maes,
em numero de seis. Quando necessario, procedeu-se a uma reducdo ou
complementacao da prole, através da escolha aleatéria de filhotes machos de
outras ninhadas da mesma idade. Em seguida, segundo o regime dietético

empregado, foram obtidos os grupos:
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Grupo DP (Dieta Padrao): constituido por animais que receberam dieta

padrdao (NUVILAB — Nuvital Nutrientes S/A) durante toda a vida (Tabela 1).

Grupo Dieta Hiperlipidica (DH): constituido por animais que receberam

dieta hiperlipidica (Tabela 2) durante 20 semanas, apés desmame.

Emprego da Dieta Hiperlipidica (DH) na obtencéo dos obesos

A Dieta Hiperlipidica (DH) é uma dieta baseada em alimentos ou
preparacdes consumidas por grande parte da populacdo urbana de diversos
paises. Dietas hiperlipidicas palataveis tém sido utilizadas para a reproducao
de modelos experimentais de sobrepeso/obesidade e alteracbes metabdlicas
relacionadas. Nesse estudo, utilizamos a dieta hiperlipidica constituida de
alimentos hipercaldricos: biscoito maisena, amendoim, chocolate ao leite e a
racdo padrdo para murinos (Nuvilab®) na proporcdo de 1:2:2:3 (Estadella,
2004). Todos os ingredientes foram triturados, misturados e peletizados. Apds
a secagem em estufa, a dieta era oferecida aos animais de acordo com o grupo

experimental.
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Table 1. Composition of the standard diet (NUVILAB — Nuvital Nutrientes S/A,

Brazil)

Nutrients Diet (g/1009)

SD HF
Carbohydrates 57 46
Proteins 22 17
Fats 4 23
Ashes 9 4
Humidity 8 10
Energy (Kcal/g) 3,5 4,5

Table 2. Composition of the fat acids of the Standard and High Fat Diet

Fatty Acids Total Fatty Acids %
SD HF

C12:0 ND 13,81
C14:0 ND 581
C16:0 15,86 12,65
C18:0 3,31 6,08
C18:1 -9 cis 26,24 34,52
C18:1 ®-9 trans 1,18 0,41
C18:2 »-6 cis 49,68 21,68
C18:3 ®-3 3,72 0,27
C20:0 ND 0,77
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C20:1»-9 ND 0,80
C22:0 ND 1,58
C24:0 ND 1,01
Total SFAs 19,17 41,71
Total MUFAs cis 26,24 35,32
Total PUFAS cis 53,4 21,95
Total TFAS 1,18 0,41
PUFA: SFA 2,78 0,53
Q-6: ©-3 13,35 80,3

OLIVEIRA, et al. 2011.

4.3. Coletade Sangue

Antes da cirurgia, os ratos foram anestesiados com Uretana a 14% e
logo apds tiveram sua jugular canulada para coleta de sangue utilizado para
dosagem bioquimica nos tempos: 0 e 04 e 24h ap6s cirurgia de inducao da

sepse.

4.4. Inducao de Sepse por Ligadura e perfuracao do ceco (LPC)

Os ratos foram anestesiados com uretana 14% e mediante pequena
incisdo mediana de 1cm logo acima da sinfise pubica, a peritonite foi induzida

pela técnica modificada de ligadura e punc¢éo do ceco (Wichterman et al, 1979).

Um molde rigido de plastico com 3mm de diametro foi aplicado junto a
parede do ceco com a finalidade de calibrar a ligadura que foi realizada com fio

2-0. Na sequéncia, o ceco foi puncionado uma Unica vez com uma agulha 18
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G, que perfurou o ceco transpassando de um lado a outro (Figura 1). Apos a
cirurgia, os ratos foram suturados e postos em suas respectivas gaiolas. As

analises foram realizadas apos 04 e 24 horas da inducéo da sepse.

Figura 1 - Inducao de Sepse por Ligadura e puncéo do ceco (LPC)

4.5. Cirurgia Sham LPC - Laparotomia

Os ratos foram anestesiados com uretana 14% e mediante pequena
incisdo mediana de 1cm logo acima da sinfise pubica, o ceco foi exposto e
colocado de volta dentro do abdomen que foi imediatamente suturado. Apos a
cirurgia, os ratos foram colocados em gaiolas individuais para realizacdo das

avaliacdes apoés 4 e 24h de cirurgia, respectivamente.

Assim, os grupos foram constituidos sendo denominados da seguinte

forma:

Grupo DP (Dieta Padrdo / Sham): constituido por animais que

receberam dieta padréao por todo o periodo.
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Grupo DH (Dieta Hiperlipidica / Sham): constituido por animais que

receberam dieta hiperlipidica durante 20 semanas, apés desmame.

Grupo DPS (Dieta Padrao / Séptico): constituido por animais que
receberam dieta padrdo por todo o periodo do experimento, e foram

submetidos a sepse pelo método CLP.

Grupo DHS (Dieta Hiperlipidica / Séptico): constituido por animais que
receberam dieta hiperlipidica durante 20 semanas, apos desmame e foram

submetidos a sepse pelo método CLP.

Modelo esquematico do estudo

22 dias 130 dias

de vida 20 semanas de uso da dieta hiperlipidica / padrdo de vida

I
Experimentos
Dieta padréo | Dieta Hiperlipidica |

Cirurgia — 4 ou 24h Cirurgia — 4 ou 24h

(CLP ou Sham) (CLP ou Sham) ™~ £
¥ ¥ X
Sepse Sham Sepse Sham p
e
N N ;
Avaliagdes Avaliagbes i
> m
e
n
Imunolégicas Bioquimicas Imunolégicas Bioquimicas o
s

Histol6gicas Histologicas j

Figura 2 — Modelo Esquematico do estudo.
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5.1. Peso dos animais

O peso corporal dos animais era aferido, apdés o desmame, em dias

alternados, até o dia do experimento (202 semana). Para isso, utilizou-se

balanca eletrbnica com capacidade para 3 Kg (marca FILIZOLA, modelo MF-3).

6. CONTAGEM TOTAL E DIFERENCIAL DE LEUCOCITOS

e Procedimento de coleta do sangue para realizagédo do leucograma

Para coleta do sangue, o rato era anestesiado. Uma vez anestesiado,

realizava-se um pequeno corte com bisturi na extremidade da cauda do rato

para a coleta de sangue necessario para realizacao do leucograma.

Figura 3 — Procedimento de coleta de sangue da cauda do animal.

As amostras de sangue entdo coletadas, eram distribuidas em tubos.
Para analise do leucograma (contagens total e diferencial de leucdcitos), era

extraido 0,5 ml de sangue e depositado em tubo de 5 ml previamente acrescido
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de uma gota (20 pl) de anticoagulante (EDTA - acido etileno diamino-tetra-

acético a 3%).

e Contagem total de leucoécitos

Para contagem dos leucdcitos era utilizada uma solucdo diluidora de
leucadcitos (solucdo de TURK). A solucdo de TURK consiste de uma solucéo de
acido aceético a 3% com a propriedade de destruir os eritrécitos e corar
ligeiramente o nucleo dos leucadcitos.

Os leucocitos eram contados a microscopia (Microscopio 6ptico,
utilizando-se uma lente de aumento de 40x). Para isso, uma amostra de
sangue era cuidadosamente diluida: 1:20 em solucéo de Turk, em uma camara
de volume conhecido (hemocitdmetro ou Camara de Neubauer). Em seguida,
fazia-se a contagem de todos os leucdcitos encontrados nos quadros marcados
pela letra “L” na figura relativa ao hemocitémetro (Figura 4). O resultado era

obtido utilizando-se a seguinte férmula:

Lc.x20x 10

Leucécitos/mm? de sangue =
4

Onde:

Lc = nimero total de leucdcitos contados em 4 de mm?
4 = fator de converséo para 1 mm?®

20 = fator de converséao da diluicao utilizada

10 = fator de convers&o para 1mm? (profundidade da lamina)
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Figura 4 — Hemocitdmetro utilizado para contagem de células

P

L = leucdcitos

e Contagem diferencial de leucécitos

A contagem diferencial de leucdcitos foi realizada utilizando-se a técnica
do esfregaco sangiineo. Esta técnica permite que os elementos celulares do
sangue espalhado em camada Unica sobre a superficie de uma lamina, quando
fixados e tratados por corantes especiais adquiram morfologia e coloracdo

adequadas para o estudo microscopico detalhado e preciso.

O preparo do esfregaco consiste em colocar uma pequena gota de
sangue sobre uma lamina e com a ajuda de outra lamina com inclinacdo de 45°
em relacdo a primeira, aproxima-la da gota, permitindo que o sangue toque e
espalhe-se pelo vértice do angulo. Em seguida, desliza-la com um movimento

uniforme e para frente, mantendo a mesma angulagdo e o contato inicial entre
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as duas laminas. Assim, a gota de sangue sera distendida, formando uma

pelicula.

Para a coloracdo do esfregaco foi utilizado o kit Panotico Rapido LB —
Laborclin Ltda. O método de coloracdo May-Griinwald-Giemsa constitui um
sistema de coloracado diferencial dos elementos figurados do sangue, onde as
estruturas celulares se coram nos mais diversos nuances entre o vermelho e o
azul, permitindo a identificacdo e a diferenciacdo entre elas. O kit consiste de

uma solucéo fixadora e duas solucdes corantes.

Depois de seca, a lamina era examinada ao Microscopio Optico com
objetiva de 100X por imerséo. A leitura se dava no esfregaco pela contagem de
cem células fazendo-se movimentos de zigue-zague sobre a lamina num Unico
sentido. Os diferentes elementos eram contabilizados através da utilizacdo de
um contador manual de células da marca DIGITIMER com 8 teclas
correspondentes a cada tipo de célula. A partir dos dados obtidos eram

calculados os valores relativos para cada tipo de célula.

Figura 5 — Técnica do esfregago
/ sanguineo.
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7. AVALIACAO IMUNOLOGICA

7.1. Cultura e analise de funcéo de macrofagos

e Obtencao de macréfagos

Foram utilizados ratos com idade entre 130 e 140 dias, os quais foram

distribuidos nos quatro grupos anteriormente descritos.

Antes do procedimento cirdrgico, os ratos eram pesados e anestesiados

com uretana a 14% na propor¢ao de 1ml/100g de peso do animal.

Com o animal anestesiado seguia-se 0 procedimento cirdrgico de
tragueostomia, colocando-se o animal numa superficie plana em posicéo
dorsal.

Para limpeza da area a ser trabalhada, era utilizado alcool a 70%. Apos
a limpeza, cortava-se a pele na por¢cdo média do pescoco do animal abrindo-se

a camada de musculos e afastando-as até obter acesso a traquéia.

Com uma peguena pinca isolava-se e prendia-se a traquéia onde era
feito um pequeno corte entre dois anéis da traquéia na parte superior. Apos a
abertura do orificio era inserida na traguéia uma canula de plastico acoplada a
uma seringa contendo 2 a 4ml de soro fisiolégico a temperatura ambiente.
Posteriormente fazia-se a introducdo do liquido com movimentos de entrada e
saida por 3 a 5 vezes. O material recolhido era colocado em tubo Falcon de

50ml.
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Figura 6 — Procedimento para coleta do lavado broncoalveolar.

O procedimento de coleta do material era realizado até que se
completasse cerca de 30ml de lavado broncoalveolar, por rato. O material
recolhido ficava armazenado em recipiente estérii e em banho de gelo,

protegido da luz até que se iniciasse a proxima etapa.

e Cultura de macréfagos

Todo o procedimento com os macréfagos era realizado em fluxo laminar

objetivando ndo contaminar as culturas de células.

O lavado broncoalveolar recolhido era centrifugado a 1500rpm durante
10 minutos. ApGs essa etapa o precipitado correspondente as células era

ressuspendido em meio RPMI 1640 e, em seguida, contadas.

A contagem era feita na Camara de Neubauer colocando-se a
suspensao de células e o corante azul tripan a 0.05% em uma diluicdo de 1:10.
O azul tripan é um corante vital que tem a propriedade de corar as células
mortas, excluindo-as das células vivas. Esse corante €, portanto, utilizado para

avaliar a viabilidade e fazer ao mesmo tempo a contagem das células. Do total
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de células recuperadas, os macréfagos encontram-se no lavado broncoalveolar

em uma proporcao de aproximadamente 95%.

ApoOs a contagem, as células eram ressuspendidas em meio de cultura
RPMI 1640 contendo soro fetal bovino inativado a 3% e antibiéticos (penicilina

100U/ml e estreptomicina 100ug/ml).

Para a cultura de macréfagos foram utilizadas placas tipo Falcon, com 6
pocos de 35 milimetros de diametro cada, onde eram dispensados 1ml da
suspensdo de células em uma proporcéo de 10° células/ml de meio de cultura
em cada pocgo. Apd6s 1lh na incubadora, o sobrenadante da cultura era
desprezado e fazia-se uma lavagem do po¢o com soro fisioldgico estéril para
retirada de células ndo aderentes. Imediatamente apds, colocava-se 1mil/poco
de meio RPMI 1640 sobre a monocamada e deixava-se por mais 1 hora na

incubadora para estabilizar os macréfagos.

(A) (B)

Figura 7 — Procedimento de cultura de macroéfagos no fluxo laminar (A) e

na Incubadora com CO; (B) para estabilizacdo das células.
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7.2. Avaliacdo do indice de aderéncia dos macrofagos

Para determinar o indice de aderéncia de macréfagos foi utilizada a técnica
descrita por Segura et al,1997. Os macrofagos eram colocados em placas de
cultura na quantidade de 1 x 10° células/ml de meio RPMI 1640. Antes de
incubar, a cultura era estimulada com 10 p

I/poco de lipopolissacarideo (LPS, Sigma-Aldrich, SP, Brazil) ou apenas

cultura (controle negativo).

Decorrido o periodo de 1 hora, em incubadora com 5% de CO2 e a 37°C, o
sobrenadante era homogeneizado e uma aliquota de 10ul era adicionada a
90ul de azul tripan (diluicdo de 1:10). Assim, a contagem de células era
realizada em camara de Neubauer e o calculo para o indice de aderéncia era

feito segundo formula abaixo:

IA = 100 - células ndo aderidas/ml x 100

ne inicial de células/ml

7.3. Avaliacdo dataxa de fagocitose

Em uma suspensdo com 1 X 10° de macréfagos adicionava-se a
levedura (Saccharomyces sp.) previamente contada (1 X 10°) para avaliar a
taxa de fagocitose. No preparo, a aliqguota de levedura foi retirada da placa
de crescimento e colocada em 1 ml de PBS em um tubo de ensaio. Contava-

se 10’ fungos para cada 200 pl de PBS.
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A contagem de leveduras era feita em Camara de Neubauer. Apos a
contagem, as leveduras eram adicionadas a suspensao de macréfagos que
estavam em 800 pl de RPMI 1640 obtendo-se assim um volume final de 1ml
para cada tubo. O contetdo de cada tubo era homogeneizado, distribuido
delicadamente e de maneira uniforme em laminas para microscopia Optica.
Em seguida, as laminas eram colocadas em uma camara Umida e em estufa
a 37°C por um periodo de 1 hora. Decorrido esse tempo, as laminas eram
lavadas com PBS para a remocao das células ndo aderentes e, entéo,

coradas e secas a temperatura ambiente.

Para a coloragdo foi utilizado o Kit Pandtico Rapido da Laborclin Ltda.
Depois de coradas, as laminas eram levadas para a leitura em microscépio
optico, lidas com objetiva de 100x sob imersédo. A taxa de fagocitose era
avaliada a partir da contagem de macrofagos que fagocitaram, isto é, o
resultado era dado em percentual de células que fagocitaram as leveduras

em uma contagem total de 100 células por lamina (Malagueno et al., 1998).

7.4. Dosagem de 6xido nitrico

A liberacdo de o6xido nitrico foi mensurada indiretamente por método
colorimétrico quantitativo baseado na reacédo de GRIESS (DING et al., 1988).

No presente estudo, aliquotas de 500ul em duplicata dos sobrenadantes
de cultura que foram incubados a temperatura ambiente por 10 min com 500pl

de reagente de Griess (sulfanilamida a 1% e naftiletileno 0,1% em &cido
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ortofosférico a 5%). A absorbancia foi mensurada a 540nm (UV
Spectrophotometer Cary 50 Bio, Varian, INC®).

A concentracdo de nitrito foi determinada a partir de uma curva padréao
construida com nitrito de sodio nas concentragcdes de 0-100uM. Todas as
amostras foram avaliadas em relacdo a um branco correspondente a RPMI
1640 incubado por 24h nas mesmas placas das amostras, mas na auséncia de
células. Todos os reagentes foram adquiridos na Sigma-Aldrich®, SP, Brasil.

Os resultados foram expressos em pM de nitrito por 5x10° células.

7.5. Andlise de Citocinas

Dosagem de IL-12

A determinacdo de IL-12 foi realizada pelo método ELISA (Enzyme
Linked-Immuno-Sorbent Assay) sandwich, utilizando-se Kit Biosource Rat IL-12
+p40 (Invitrogen Corporation®). Para analise do contetdo de IL-12 no Lavado
Bronco-alveolar (LBA) e no soro dos ratos comparou-se as concentragdes
obtidas nas amostras com a curva padréo do kit utilizado. A leitura foi realizada

em leitor BIO-RAD, em comprimento de onda de 450-620nm.

Dosagem de IFN-y

A analise foi realizada pela técnica de ELISA (Enzyme Linked-Immuno-Sorbent

Assay) sandwich utilizando-se o Kit Quantikine Rat IFN-y (R&D Systems®).
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8.0. Dosagem sérica de Proteina C-reativa

A dosagem de proteina C—reativa (PCR) foi realizada através de um
sistema para determinacdo quantitativa da PCR em amostras de soro por
imunoturbidimetria. Esse método baseia-se no principio de que as particulas de
latex estabilizadas e sensibilizadas com anticorpo anti-proteina C-reativa sao
aglutinadas quando a PCR estd presente na amostra. A intensidade da
aglutinacdo, medida em absorbancia, € proporcional a quantidade de PCR.
Para isso, foi utilizado o kit PCR Turbiquest, Labtest® Diagnostica S.A. (Lagoa
Santa, Brasil). A absorbancia foi medida entre o comprimento de onda de 250 a

280nm.

9.0. Andlise Histolégica do Pulméo

As amostras do pulméo direito foram obtidos ap6s 4 ou 24 horas apés o
procedimento cirdrgico, fixados em formol a 10% e embebidos em parafina.
Slides das amostras de tecido pulmonar foram corados com hematoxilina-
eosina (HE). O exame microscopico foi realizado por um patologista
independente, cegos para o0 protocolo experimental, que avaliou a arquitetura
pulmonar e observou o grau de inflamacéo se houvesse. A resposta histologica
foi classificado em cinco tipos: Tipo 0 - arquitetura broncoalveolar preservada e
auséncia ou presenca minima de células inflamatorias; Tipo 1 - hiperplasia
reacional do tecido linféide associado brénquico (BALT); Tipo 2 - leve infiltrado
de neutréfilos com alteragdes inflamatorias agudas inespecificas; Tipo 3 -

moderado infiltrado inflamatorio agudo com alteragbes da arquitetura pulmonar
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representado pela destruicdo parcial da alveolar e / ou paredes brénquicas; e o
tipo 4 - infiltracdo de leucdcitos (neutréfilos) intensa com destruicdo total da
arquitetura broncoalveolar e formacdo de abscesso (Ozturk et al., 2008 —

modificado).

10. Peso da gordura retroperitoneal

Para a retirada da gordura retroperitoneal, a cavidade abdominal do
animal era aberta expondo visceras e gordura. O tecido adiposo era retirado
separando-se as estruturas adjacentes — epididimo, ducto deferente e os vasos
préoximos. Apoés a retirada do tecido, colocava-se o mesmo em uma placa de

petri e seguia-se o protocolo de pesagem.

11. Anéalise estatistica

A analise estatistica foi realizada por métodos ndo paramétricos de
Mann-Whitney, para comparacdo das alteracdes nos diferentes tempos de
sepse; de Wilcoxon para comparacéo das altera¢des induzidas pela sepse em
um mesmo grupo de ratos. Para isso, foi utilizado o pacote estatistico para
computadores pessoais SPSS - Statistical Package for the Social Sciences,
versao 13.0. Os resultados foram expressos em média + erro padrdo e as

diferencas com p<0.05 foram considerados estatisticamente significantes.
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RESULTADOS
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12. RESULTADOS - 2 ARTIGOS ORIGINAIS

No presente trabalho de tese, foram examinadas as consequéncias da
obesidade pela Dieta Hiperlipidica sobre a resposta imune inata, em ratos
adultos. Dois artigos cientificos originais serdo apresentados a seguir em suas

versoes originais.
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ARTIGO ORIGINAL 1

Activity of alveolar macrophages in obese rats submitted to sepsis by

cecal ligation and puncture (CLP)
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Abstract

In the present study, the obesity repercussions on macrophages function were
analyzed during the sepsis in adult rats. For this, the macrophages function were assays
in the bronchoalveolar lavage (BAL) in response to the sepsis (CLP). The obese animals
showed high weight, which persisted until 140" days of age. There was no difference
neither in the index of adherence among the animals after 4 and 24h of surgery CLP.
NO release by AMs from the obese septic group after four hours CLP surgery was
higher (p<0.05) compared to normal septic and to the sham operated. The NO analysis
performed 24h after the surgery showed that alveolar macrophages from obese rats CLP
release greater amounts of NO than the sham operated obese and normal rats CLP. IL-
12 seems to act more quickly in the lungs of normal rats and sham-operated sepsticos
than in obese rats. In conclusion, alterations in the NO production in animals submitted
to sepsis were observed only in obeses. The coordinated innate immune response during
sepsis seems to protect normal mice within 24 hours of sepsis in order to preserve these

important organs for survival.
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1. Introduction

Epidemiological studies have demonstrated that obesity is associated with higher
morbidity and mortality rates in the general population (Hedlund et al, 1995; Calle et al,
1999; Grady et al, 1999). Obesity is considered as a ‘chronic low-grade’ inflammatory
state, like numerous other associated pathologies such as atherosclerosis, type Il
diabetes, among others (Zeyda and Stulnig, 2007; Galic et al, 2010). Moreover, the
obesity is characterized by a series of physiologic and immunologics changes that may

impair the ability to adapt to the stresses of critical illness.

Sepsis is a complex clinical syndrome resulting from the damaging effects of a
dysregulated host response to infection, including uncontrolled inflammation and
immune suppression (Hotchkiss and Karl, 2003). Bacterial sepsis commences with the
initiation of the host’s innate immune response to bacterial infection. The Gram-
negative bacterial cell wall component, LPS, mediates many of the pathophysiological
symptoms of sepsis by inducing the release of TNF-alfa and IL-1 (Steinhauser et al,
1999).

The cecal ligation and puncture (CLP) model, the complete spectrum of enteric
pathogens is present in the septic focus and infective selection is undisturbed. CLP
resembles the clinical situation of bowel perforation, with the resulting mixed bacterial
infection of intestinal origin and may therefore be the most realistic model of clinical
sepsis (Brooks et al, 2007). This technique is easily reproducible and due to peritoneal
contamination with a mix of intestinal flora induce peritonitis (Parker and Watkins,
2001). During peritonitis, there is expression of adhesion molecules on the endothelium
and cells polymorphonuclear (PMN), initiating transmigration of PMN from the

circulation into the abdominal cavity and the lungs. Neutrophils and macrophages are
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major effect cells at the frontier of innate immune responses, and they play a critical
role in host defense against invading microorganisms (Guo et al, 2006).

The lung has a large area exposed to external agents such as toxic substances
and bacteria, thus becomes one of the most affected organs during sepsis. In the lung,
the alveolar macrophages are avidly phagocytic and readily Kill ingested organisms
(Calder, 2007). In the presence of a strange stimulus, the macrophage becomes activated
and can respond to the stimulus in three different ways: the phagocytosing foreign
element, thanks to a system of lysosomal enzymes, eliminating the interstitial fluid,
when assisted by lymphocytes T or releasing a broad spectrum of mediators, including
reactive oxygen species and nitrogen as well as hydrolytic enzymes, bioactive lipids and
cytokines (Gordon, 2003). The respiratory tract, frequently exposed to organisms and
particles in the air, defends himself from possible harmful effects by mechanisms
microbicides, with and without phagocytosis, made by alveolar macrophages. (AM)

(Reynolds, 2005).

The participation of innate immunity occurs through phagocyte cells, the
activation of a complement system through an alternative path and by production of
chemokines and cytokines. In addition, C-reactive protein (CRP), an acute phase protein
produced mainly by hepatic cells in bacterial infections, exerts a diversified range of
action against the bacteria. When binding to phospholipids of the membrane of some
bacteria (for example, pneumoccocus) CRP works like opsonin, facilitating the
phagocytosis by neutrophils. CRP also has the capacity to activate the complementary
system and stimulates the synthesis of TNF alpha, which induces the synthesis of NO

and consequentlythe destruction of various microorganisms.
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Activated alveolar macrophages and other cells of the lung are involved in the
progression of inflammatory lung diseases (Sibille and Reynolds, 1990). This cell type
also differs from peritoneal macrophages with regard to their ability to release tumour
necrosis factor-alpha (TNF), interleukin-6 (IL-6), nitric oxide (NO) or reactive oxygen
species (ROS). NO may induce toxic reactions against other tissues of the host and
because it is generated at high levels in certain types of inflammation (Albina &

Reichner, 1995; Evans, 1995; Wong & Billiar, 1995; Rothe & Kolb, 1999)

As obese patients have higher risk for infections, the question is whether they
are also at increased risk for sepsis. In this context, more research is needed to clarify
the clinical implications of the alterations induced by obesity on the immune function.
This study aimed to evaluate some functions of alveolar macrophages as an index of cell
adhesion, phagocytic capacity as well as production of nitric oxide and cytokines in

obeses rats.

2. Materials and Methods

2.1. Animals and Experimental Groups

Male wistar rats were used. Rats were kept at a temperature of 23+2°C in a 12
hour light-dark cycle. After birth, the neonates were randomly distributed to litters of 6
pups per dam. The experimental groups were based on the diet after suckling. Control
group was fed a 22% protein diet (NUVILAB — Nuvital Nutrientes S/A, Brazil). The

composition of Nuvilab is given in table 1. The obese group was fed a High Fat Diet
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(HF) starting after suckling (22 days). The HF consists of foods constitute the basic
meals of cafeteria (Estadella, 2004) and the composition is given in table 2. This diet
has 17% protein and a high fat content (23%) leading to the great weight gain
reproducing obesity. All rats received these diets during experiment of the 20 weeks. On
the 140™ days of life, sepsis was induced by Cecal Ligation and Puncture (CLP)
(Wichterman et al, 1980). The Federal University of Bahia Committee of Ethics in
Animal Experimentation - (CEEA/UFBA) approved this study, which has followed the

Brazilian School of Animal Experimentation established norms (COBEA).

2.2. Body Weight and Abdominal Fat

The weight of all animals was measured on alternate days of the first day of life
until the end of the lactation period (21 days). After, the body weight of the animals was
checked on the 22", 30™, 45" 60™ 90™ and 140™ days of life, using a FILIZOLA,
model MF-3 with 3000g capacity. Abdominal fat was collected after the
experimentation. There was an incision in the abdomen and all organs of this site were

removed and the fat separate for later weighting.

2.3. Induction of sepsis by CLP

Sepsis was induced through cecal ligation and puncture (CLP) in rats
(Wichterman et al, 1980). The rats were anesthetized with urethane 14%. The
abdominal skin was desinfected with alcohol 70%. The abdominal cavity was opened
with a midline laparotomy, which was made using small dissection and the cecum was

ligated below the valve ileocaecal with silk 2-0, maintaining the intestinal continuity.
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The cecum was then subjected to a single ‘through and througth’ perforation with a
sterile 18 gauge needle and gently compressed until its contents began to exude. The

bowel was then retorned to the abdomen and the incision was closed.

2.4. Total and differential leukocytes counting in blood

The extremity of the tail of an anesthetized animal was cut using a scalpel and
0.2 mL of blood was collected. The blood was picked in glass tubes previously added of
3% EDTA. The total leukocyte’s counting was done in a Neubauer counting chamber.
The differential counting was done starting from blood smear slides. The slides were
fixed, stained (Kit Panotico Réapido LB — Laborclin Ltda®), and examined using a light
microscope equipped with an immersion lens. The different types of white globules

were quantified by an electronic counter.

2.5. Bronchoalveolar lavage fluid (BAL)

The Bronchoalveolar lavage fluid was carried out according to techniques used by
De Castro et al. (2000). The animals were anesthetized with urethane 14% in the
proportion of 1ml /100g i.p. BALs were performed by using 0.9% NaCl injected at
room temperature through a plastic cannula inserted into the trachea. Several aliquots of
5 ml were injected and collected into a 15 ml conical polypropylene tube (Falcon,

Sigma). The recovery of BAL was of approximately 30 ml for each animal.
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2.6.Culture of alveolar macrophages

Alveolar macrophages were cultured as previously described in De Castro et al.,
2000. The cells were resuspended in RPMI-1640 medium (Sigma Chemical Company,
St. Louis, MO) supplemented with 10% fetal bovine serum, 100 U/ml penicillin and
100 pg/ml streptomycin (Sigma). Alveolar macrophages (5 x 10s/well) were plated on
culture plates (Costar, Cambridge, MA) and allowed to adhere for 2 h at 37 °C in 5%
CO2. Non-adhering cells were removed by gentle washing with 0.9% NaCl, and 1 ml of
fresh media was added for further cell culture. Adherent alveolar macrophages were
incubated with water (negative control, @), or with 10 pl/well lipopolysaccharide (LPS,
Sigma). After 24 h of LPS incubation, culture supernatants were collected and the NO

assay was performed.

2.7.Adherence Index (Al) Assay

To determine the rate of adherence of macrophages we used the technique described
by Segura et al, 1997. The macrophages were placed in culture dishes in the amount of
1 x 106 cells / ml RPMI 1640. Before hatching, the culture was stimulated with 10
ul/well of lipopolysaccharide (LPS, Sigma-Aldrich, SP, Brazil) or culture only
(negative control). At the end of 1 hour in an incubator with 5% CO2 and 37 ° C, the
supernatant was homogenized and an aliquot of 10ul was added to 90 ml of trypan blue
(1:20 dilution). Thus, the cell count was performed in a Neubauer chamber and
calculating the rate of adherence was made according to the formula below:

A.l. =100 - Non-adherent macrophages/ml x 100

Initial macrophages/mi
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2.8 Phagocytosis Capacity

The entire procedure was performed in a laminar flow hood in order to maintain
the aseptic environment be avoiding contamination of cell cultures. In a suspension of 1
X 10° macrophages they added the yeast (Saccharomyces sp.) previously told (1 X 107)

to assess the rate of phagocytosis.

In preparation, the aliquot of yeast was removed from the growth plate and placed in
1 ml of PBS in a test tube. It was count 10’ fungi for every 200 pl of PBS. The yeast
count was done in Newbauer chamber. After counting, the yeasts were added to the
suspension of macrophages that were in 800 ul of RPMI 1640 resulting in a final
volume of 1 ml for each tube. The contents of each tube was homogenized and
distributed evenly and gently on slides for microscopy. Then, the slides were placed in a
moist chamber and incubated at 37°C for 1 hour. After this time, the slides were washed

with PBS to remove non-adherent cells and then stained and dried at room temperature.

For staining kit was used Panoptic Quick Laborclin Ltda. After staining, the slides
were taken for examination under optical microscope, read with a 100x objective under
immersion. The rate of phagocytosis was evaluated by counting macrophages that
phagocytosed and the result was given in percentage of cells that phagocytosed yeast in

a total count of 100 cells per slide (Malagueno et al., 1998).

2.8. Nitric oxide (NO) assay

NO release was measured indirectly using a quantitative, colorimetric assay based
on the Griess reaction (Ding et al., 1988). In the present study, triplicate 500 ul aliquots

of cell culture supernatants were incubated with 500 pl of freshly prepared Griess
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reagent (1% sulfanilamide, 0.1% naphthylethylene diamide dihydrochloride and 5%
ortho-phosphoric acid) at room temperature for 10 min. The absorbance of the
azochromophore was measured at 540 nm (UV Spectrophotometer Cary 50 Bio, Varian,
INC®).

The nitrite concentration was determined using sodium nitrite as a standard (0—100
uM). All samples were assayed against a blank comprising complete RPMI-1640
incubated for 24 h in the same plates as the samples, but in the absence of cells. All
reagents were purchased from Sigma Chemical Company, St. Louis, MO. The results

were expressed in micromoles nitrite per 5 x 10°> macrophages.

2.10. Cytokine assays in the culture of alveolar macrophages

IFNy and 11-12 were determined by a double-ligand ELISA (R&D Systems and
BIOSOURCE) according to manufacturers’ instruction. Results are expressed as

picograms per milliliter of duplicate assays.

2.11. Statistical analysis

Data are expressed as mean + SEM and were analyzed by the nonparametric
Mann-Whitney test to determine the significance of differences two groups, and by the
Wilcoxon test for comparisons of sepse-induced in each group of rats, with the level of
significance set at 5%. A computer statistics package was used for statistical analyses

(SPSS, version 13.0).
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3. Results

3.1. Body Weight

At birth, the body weights of animals in both groups were similar. However, From the
beginning of administration of diets until 20 weeks thereafter, the body weight of
animals that received high-fat diet, showed significant increase as compared with those
fed with the standard diet (Control = 431.5 + 7.81g and Obese = 472.5 + 6.960),
(p<0.05) (figure 1). Abdominal fat of the group fed with high-fat diet was higher than

group fed standard diet (SD=8.42 £ 5.42 g; HF=21.77 £ 9.71g), p = 0.000.

3.2. Adherence Index Assay

In comparing all groups, there was no observable difference in the adherence
index after four hours of CLP surgery (Figure 2). As there was no difference in

adherence index after twenty-four hours of CLP surgery (Figure 3).

3.3. Phagocytosis Capacity

There was no observable difference in the phagocytic capacity after four hours
of CLP surgery (Figure 4). However, when evaluating the rate of phagocytosis after
twenty-four hours after CLP surgery, the normal septic group had a higher rate of

phagocytosis (p=0.03) in the relationship normal sham group. (figure 5).
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3.4. Nitric oxide (NO) assay

NO release by AMs from the obese septic group after four hours CLP surgery

was higher (p<0.05) compared to normal septic and to the sham operated (figure 6).

The NO analysis performed 24h after the surgery showed that alveolar
macrophages from obese rats CLP release greater amounts of NO than the sham

operated obese and normal rats CLP (figure 7).

3.5. Cytokine assays in the culture of alveolar macrophages

We examined the role of IFNy and IL-12 in the outcome of polymicrobial septic
induced by CLP. We did not observe IFN-y production by alveolar macrophages in all

groups.

The dosage of IL-12 was performed in BAL 24 hours after surgery (CLP) and
serum was determined before and after 24 hours of surgery. Found in BAL increased
amount of IL-12 in normal sham-operated group compared to sham-operated obese (p =
0.03); but the sham-operated obese group showed lower production of IL-12 than the
obese group CLP. The obese CLP group had higher production of 1L-12 than the normal

group CLP.

When the assessment was conducted in the serum of rats obtained the following
results: normal sham-operated rats showed lower basal IL-12 than the obese sham-

operated. The sham-operated obese rats produced more IL-12 than normal sham-
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operated after 24 hours. However, when comparing obese and normal 24 hours after

surgery (CLP) found no difference.

4. Discussion

Excess body weight has long been recognised as a harbinger of disease and early
death in the general population (McGee, 2005). Diet-induced obese animals are
considered a more comparable model for human obesity than genetically obese animals
(Uysal et al., 1997). The weight gain with high fat diets has been controvers in last
studies. In this study showed significant increase in weight gain and in central adiposity
when compared with those fed with the standard diet showing an important contribution

of the hiperlipidic diet to this result.

Obesity has been associated with immune dysfunction. Some authors report
alterations of the immune response in obese subjects as T helper lymphopenia and lower
mitogenic response of splenocytes in diet-induced (cafeteria) rats (Lamas et al., 2002).
Multiple mechanisms including secretion of pro-inflammatory adipokines, increased
secretion of various cytokines, activation of macrophages and oxidative stress along
with increased insulin resistance act together to produce a milieu that leads to
endothelial dysfunction in obesity. When exposed to an acute inflammatory insult these
tissues are more vulnerable to tissue injury via exaggerated inflammation (Singer and
Granger, 2007; Ronti et al., 2006). This study showed that the index of adhesion of
alveolar macrophages from normal and obese rats was similar, there was no prejudice in

the adhesion of these cells after 4h and 24h of surgery (CLP).
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Macrophages are recognized for their role in protecting the body against
invasion by foreign antigens. These cells can migrate into the interstitium of the focus
of reaction after adhering to endothelial cells (Calder, 2007). Another important
function was evaluated in this study the phagocytic capacity of alveolar macrophages
from normal and obese rats after surgery (CLP). In this study, we found no changes in
alveolar macrophages phagocytic capacity of normal and obese rats four hours after
CLP surgery performed. On the other hand, when we evaluated the phagocytosis of
these cells in the same groups after twenty-four hours of surgery, we found a higher
phagocytic capacity in normal animals after CLP when compared to the sham-operated
demonstrating a more effective response against the aggressors. The obese rats do not

exhibit alterations in their phagocytic capacity.

Chronic inflammation and progressive damage to normal tissues is characteristic
of chronic obstructive pulmonary diseases and may be due in part to reactive oxygen
and nitrogen species released by activated macrophages alveolares (AM) (Morgan and
Shines, 2004). Many mediators released by AM are directed at specific target cell
receptors and cause a controlled change in cell function. However, mediators such as
reactive oxygen and nitrogen species are nonspecific in their action and cause injury to
surrounding normal lung cells. Oxidants that are generated in excess of antioxidant
defenses or that are lacking in antioxidant defenses can result in severe pulmonary
inflammation (Chabot et al., 1998). Nitric oxide (NO) released by activated alveolar
macrophages can mediate effects on target cells. In this study we evaluated the release
of NO in normal and obese rats subjected to sepsis by CLP, and found high amounts of
NO produced by alveolar macrophages from obese rats in the first 24 hours after CLP

surgery.
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Systemic inflammatory response is considered a central deleterious pathogenic
event in severe sepsis. High levels of serum inflammatory cytokines are involved in
development of multiple organ failure and cardiovascular collapse (Bone et al., 1997;
Zimecki et al., 2004). The pathobiology of IFN-y in clinically relevant models of septic
shock, such as CLP, is not well understood. Romero et al. (2010) demonstred that after
CLP, concentrations of IFN-y in plasma and peritoneal lavage fluid were low in
comparison with concentrations of others cytokines. In this study we found no IFN-y
production after 4 and 24 hours of surgery CLP in all groups. Some authors report that
IFN-y may have a modulatory role during sepsis by CLP. The presence of IFN-y
stimulates macrophages to release a protein (HMGBL1) released after 16 hours of sepsis
and is associated with high mortality of septic individuals (Pahuja et al., 2008).

IL-12 has been widely accepted as an important regulator of T-helper 1 cell
(Th1) responses and is predominately produced by dendritic cells (DCs), monocytes,
and macrophages (Gately et al., 1998). IL-12 seems to act more quickly in the lungs of
normal rats and sham-operated sepsticos than in obese rats. This fact occurred in this
work.

In conclusion, alterations in the NO production in animals submitted to sepsis
were observed only in obeses. The coordinated innate immune response during sepsis
seems to protect normal rat within 24 hours of sepsis in order to preserve these

important organs for survival.
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Figure 1. Body weight of rats normals and obeses
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Figure 3. Index of Adherence 24 hours post CLP
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Figure 4. Rate of Phagocytosis 4 hours post CLP
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Figure 5. Rate of Phagocytosis 24 hours CLP
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Figure 6. Nitric oxide assay after 4 hours sepsis (CLP)
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Figure 7. Nitric oxide assay after 24 hours sepsis (CLP)
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Figure 8. Cytokines Assay in BAL (24h)
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Figure 9. Cytokines Assay in Serum (0 e 24h)
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Legends for the figures

Figure 1. Body weight of rats fed with High Fat (HF) or Standard Diet (SD) for twenty
weeks. Data are expressed as means + SE, n=33 (SD) and n=39 (HF). Mann-Whitney U
test were used to compare single groups. A value of P <0.05 was considered statistically

significant.

Figure 2. The Adherence index of alveolar macrophages rats fed with High Fat (HF) or
Standard Diet (SD) for twenty weeks and submitting sepsis induced-CLP for 4 hours.
Data are expressed as means + SE. Mann-Whitney U test were used to compare single

groups. A value of P <0.05 was considered statistically significant.

Figure 3. The Adherence index of alveolar macrophages rats fed with High Fat (HF) or
Standard Diet (SD) for twenty weeks and submitting sepsis induced-CLP for 24 hours.
Data are expressed as means = SE. Mann-Whitney U test were used to compare single

groups. A value of P <0.05 was considered statistically significant.

Figure 4. The Rate of Phagocytosis of alveolar macrophages rats fed with High Fat (HF)
or Standard Diet (SD) for twenty weeks and submitting sepsis induced-CLP for 4 hours.
Data are expressed as means + SE. Mann-Whitney U test were used to compare single

groups. A value of P <0.05 was considered statistically significant.

Figure 5. The Rate of Phagocytosis of alveolar macrophages rats fed with High Fat (HF)
or Standard Diet (SD) for twenty weeks and submitting sepsis induced-CLP for 24
hours. Data are expressed as means + SE. Mann-Whitney U test were used to compare

single groups. A value of P <0.05 was considered statistically significant.
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Figure 6. CLP induces NO production. CLP or sham surgeries were performed.
Bronchaovelar lavage (BAL) collected at 4 h after surgery. NO concentrations were

evaluated by GRIESS. Experimental n = 7-8 per group.

Figure 7. CLP induces NO production. CLP or sham surgeries were performed.
Bronchaovelar lavage (BAL) collected at 24 h after surgery. NO concentrations were

evaluated by GRIESS. Experimental n = 7-8 per group.

Figure 8. CLP induces IL-12 production. CLP or sham surgeries were performed.
Bronchaovelar lavage (BAL) collected at 24 h after surgery. IL-12 concentrations were

evaluated by ELISA. Experimental n = 6-8 per group.

Figure 9. CLP induces IL-12 production. CLP or sham surgeries were performed.
Serum samples were collected at Oh (A) and 24 h (B) after surgery. IL-12 concentrations

were evaluated by ELISA. Experimental n = 6-8 per group.
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Abstract

The purpose of our study was to determine whether a high-fat diet (HF) would
increase lung inflammation and decrease macrophages alveolar function in male obeses
rats submited sepsis. Control group was fed a 22% protein diet (SD). The obese group
was fed a High Fat Diet (HF) with 17% protein and 23% fat starting after weaning
during 20 weeks. On the 140" day of life, sepsis was induced by Cecal Ligation and
Puncture (CLP). The body weight, as well abdominal fat of rats that received high-fat
diet, showed significant increase when compared to those fed with the standard diet. In
this study, CLP induced sepsis resulted in a significant elevation white blood cell counts
compared to sham CLP rats after four hours sepsis. A similar response occurred after 24
h of surgery. In both times of induction of sepsis was also observed neutrophilia and
lymphopenia. When comparing the groups after 4 e 24 hours of sepsis found no
difference between them. Thus, obesity does not appear to have influenced the levels of
c-reactive protein in this model of sepsis. The findings in rat lungs after 4 hours of
sepsis did not change, but the analysis of rat lungs after 24 h showed that this organ is
seriously affected in obese rats septic. This finding is of great relevance to the health of
obese individuals, since studies have shown high morbidity and mortality in this

situation.

Key-words: obesity, leukocytes, C-reactive protein, lung lesion.
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1. Introduction

Obesity is a worldwide concern and is the major cause of morbimortality in the
world. WHO further projects that by 2015, approximately 2.3 billion adults will be
overweight and more than 700 million will be obese. In a multinational European study
(SOARP trial) 36% of intensive care unit (ICU) patients were overweight and 18% were
obese or very obese (Sakr et al., 2008). Thus obesity is also of increasing relevance in
intensive care medicine and therefore several specific issues concerning morbidity and

care of obese patients need to be mentioned.

Overweight and obesity are defined as abnormal or excessive fat accumulation
that presents a risk to health (WHO, 2006). Several studies in genetic animal models
suggest that obesity and being overweight are associated with immunocompetence
alterations (Tanaka Si Isoda et al., 1998; Hotamisligil and Erbay, 2008). Already in
1980, Chandra and Kutty, have found that 38% of obese children and adolescents
showed a variable impairment of cell-mediated immune responses such as delayed
cutaneous hypersensitivity, abnormal lymphoproliferative responses to mitogens and a
reduction in intracellular bacterial Killing capacity by polymorphonuclear leucocytes.
Now, considering that obesity may be seen as a chronic inflammatory state one can
imagine that obese patients might respond to sepsis differently than patients with
normal Body Mass Index (BMI) (Vachharajani, 2008; VVachharajani and Vital, 2006). In
this respect it is necessary to recognize that adipose tissue is not only a passive reservoir
of energy and lipid soluble nutrients but an active metabolic and endocrine organ

(Hauner, 2005).
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Sepsis is characterized by the interplay of host responses to the invasion of
pathogen in the form of activation of endothelial cells and monocytes and activation of
inflammatory and coagulation pathways. This response to the pathogen is associated
with collateral damage to the individual normal tissues. (Vachharajani and Vital, 2006).
Sepsis induces lung inflammation with alveolar recruitment of inflammatory cells such
as neutrophils and monocytes/macrophages (Chignard and Balloy, 2000). Roles of
neutrophils and monocytes/macrophages recruited into the alveoli in sepsis-induced
lung injury have been addressed by various studies (Ellaban et al., 2004; Lomas-Neira

et al., 2006, Venet et al., 2009).

The lung is a potential site for infection and is the major organ identified to fail
in sepsis. Because the extensive alveolar—capillary interface, provides exposure to large
quantities of air, which normally are sterile, but may contain potentially infectious
agents (Tsai and Grayson, 2008). Its large vascular network encourages the
development of remote-borne infections due to rupture of the alveolar-capillary leading
to endothelial dysfunction and interstitial or epithelial damage. The first line of lung
defense is the innate immune system, which includes structural defenses and
recruitment of antimicrobial molecules, alveolar macrophages, neutrophils, natural
killer cells, and dendritic cells (Bals and Hiemstra, 2004). In intensive care units, a
major complication in septic patients is impaired respiration, often leading to adult
respiratory distress syndrome and onset of multiple organ failure. (Moore et al., 1993;
Czermak et al, 1999; Del Sorbo and Slutsky, 2010). There is a gap in understanding the
pulmonary events that follow CLP-sepsis in obese rats. This study examined the
consequences of the obesity on body weight gain, abdominal adiposity, levels C-

reactive protein and leukocytary and pulmonary pattern of septic rats.
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2. Materials and Methods

2.1. Animals and Experimental Groups

Male Wistar rats were housed under a temperature of 23+2°C in a 12 hour light-
dark cycle. After birth, the neonates were randomly distributed to litters of 6 pups per
dam. The experimental groups were based on the diet offer after weaning. Control
groups were fed with a rat chow diet (22% protein diet and 4% fat — NUVILAB —
Nuvital Nutrientes S/A, Brazil). The composition of Nuvilab is given in table 1. The
obese group was fed with a high fat diet starting after weaning (22nd day). The high fat
diet consists of foods that constitute the basic meals of cafeteria (Estadella, 2004) and
the composition is given in table 2. This diet has 17% protein and a high fat content
(23%) leading to the great weight gain reproducing obesity. All rats received these diets
during experiment of the 20 weeks. On the 140™ days of life, sepsis was induced by
Cecal Ligation and Puncture (CLP) (Wichterman et al, 1980). The Federal University of
Bahia Committee of Ethics in Animal Experimentation (CEEA/UFBA) approved this
study, which has followed the Brazilian School of Animal Experimentation established

norms (COBEA).

2.2. Body Weight and Abdominal Fat

The weight of all rats was measured on alternate days of the first day of life until

the end of the lactation period (21 days). After, the body weight of the rats was checked

on the 22" 30™ 45" 60™ 90™ and 140™ day of life, using a FILIZOLA, model MF-3
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with 3000g capacity. Abdominal fat was collected after the experimentation through an

midline incision the abdomen wall.

2.3. Induction of sepsis by CLP

Sepsis was induced through cecal ligation and puncture (CLP) in rats
(Wichterman et al, 1980). The rats were anesthetized with urethane 14%. The
abdominal skin was disinfected with alcohol 70%. The abdominal cavity was opened
with a midline laparotomy, which was made using small dissection and the cecum was
ligated below the ileocaecal valve with silk 2-0, maintaining the intestinal continuity.
The cecum was then subjected to a single ‘through and through’ perforation with a
sterile 18 gauge needle and gently compressed until its contents began to exude. The
bowel was then repositioned and the abdominal incision was closed. Rats with sham

operation underwent the similar procedure without CLP.

2.4. Total and differential leukocytes counting in blood

The extremity of the tail of anesthetized rtas were cut using a scalpel and 0.2 mL
of blood was collected. The blood was picked in glass tubes previously added 3%
EDTA. The total leukocyte’s counting was done in a Neubauer counting chamber. The
differential counting was done starting from blood smear slides. The slides were fixed,

stained (Kit Pandtico Rapido LB — Laborclin Ltda), and examined using a light
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microscope equipped with immersion lens. The different types of white globules were

quantified by an electronic counter. Blood was collected before and 4 h after CLP.

2.5. C-Reactive Protein Assay

C-Reactive Protein levels were measured by immunotubidimetry, a latex
particle-enhanced immunoassay (Labtest Diagnostica S.A. Lagoa Santa, Minas Gerais,
Brazil). The assay could detect 0.08 mg/L. Undetectable values were recorded as 0.002

mg/dl.

2.6. Histological examination

Samples from the right lung were achieved either 4 or 24 hours after the surgical
procedure, fixed in 10% formalin and embedded in paraffin. Slides from the lung tissue
samples were then stained with hematoxylin-eosin (HE). Microscopic examination was
performed by an independent pathologist, blinded to the experimental protocol, who
evaluated the pulmonary architecture and observed the grade of inflammation if present.
The histologic response was classificated in four types: type 0 — preserved
bronchoalveolar architecture and no or minimal presence of inflammatory cells; type 1 —
reactional hyperplasia of the bronchial-associated lymphoid tissue (BALT); type 2 —
mild neutrophil infiltrate with inespecific acute inflammatory changes; type 3 —
moderate acute inflammatory infiltrate with pulmonary architecture changes represented

by partial destruction of alveolar and/or bronchial walls; and type 4 — intense neutrophil
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leukocyte infiltration with total destruction of the bronchoalveolar architecture and

abscess formation.

2.7. Statistical analysis

Statistical analysis was performed using SPSS for windows 12.0 (SPSS Inc.,
Chicago, IL, USA). Data were analyzed by the non-parametric Mann-Whitney method
for evaluation of the alterations between the N and Obese group of rats, whether or not
they were challenged with CLP protocol for induction of sepsis. The Wilcoxon test
were utilized for comparisons of changes induced in each group of rats, The results are
expressed as mean + SEM from the mean. Differences with P < 0.05 were considered

statistically significant.

3. Results

3.1. Body Weight

At birth, the body weights of rats in both groups were similar. However, from
the beginning of administration of diets until 20 weeks thereafter, the body weight of
rats that received high fat diet, showed significant increase when compared with those
fed with the standard diet (SD = 431.5 + 7.81g; HF = 472.5 + 6.969), p<0,005 (figure

1).
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3.2. Abdominal Fat

Abdominal fat of the group fed with high-fat diet was higher than group fed

standard diet (SD=8.42 £ 5.42 g; HF=21.77 £ 9.71¢g), p = 0.000. (Figure 2).

3.3. Total and differential leukocytes counting in blood after sepsis

Comparing all groups, there was no observable difference in the total number of
leukocytes in blood before sepsis. On the other hand, with 4 hours of sepsis, the total

number of leukocytes increased in all groups, when compared to their respective controls,

before CLP (figure 3).

After 24 hours of surgery (CLP), rats also showed the total number of leukocytes

higher in relation to count before surgery (figure 4).

3.4. C-Reactive Protein (PCR) Assay

Comparing all groups, no significant difference in levels of C-REACTIVE

PROTEIN after 4 h of sepsis (figure 5). The same happened with the levels of C-

REACTIVE PROTEIN after 24 hours of sepsis (CLP) (figure 6).
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3.5. Histological Examination

In this study, it was found mild to moderate hyperplasia of the bronchial-
associated lymphoid tissue (BALT) in normal rats 4h post CLP, obese rats sham-
operated and obese rats 4h post CLP, characterizing a normal reactional immune

response to a systemic injury.

The histological findings 24 h post CLP were the presence of capillar congestion
and just a discret increase of neutrophils in venules and alveolar capillaries in normals
rats post CLP, while it was observed a moderate increase of neutrophils in pulmonary
venules among obese rats sham-operated. Neutrophils are one of the most important
effector cells at the frontier of innate immune responses, and they play a critical role in
host defense against invading microorganisms. In obeses rats 24h post CLP, it was
noted a presence of an area of partial necrosis of the bronchial wall in pulmonary apex,
with formation of intrabronchial abscess, ulceration of the bronchial epithelia with a rim
of large and clear macrophages over the granulation tissue of its basis. These findings
reveal a greater grade of tissular injury, which appears to be related to proteases and
toxic reactive oxygen radicals released by activated neutrophils. In addition, neutrophils
can produce cytokines and chemokines that enhance the acute inflammatory response

(Guo and Ward, 2002).
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4. Discussion

High fat diet and obesity are known as risks factors for many diseases including
coronary heart disease, hypertension, type 2 diabetes, certain types of cancer, sleep
apnea and respiratory problems (Fan 2006). In this study it was used a diet of similar
composition with carbohydrates and proteins, but with different proportion of fat. Some
authors report that nutritionally unbalanced diet can cause significant changes in the
metabolism of several nutrients leading to a worsening of lipid profile and insulin

resistance. (Bernardes et al, 2004).

The weight gain with high fat diets has been controvetial in last studies. Duarte
et al. (2006) showed that high fat diet can increase the percentual of the weight gain and
the adiposity in wistar rats. In other study the using high fat diet for 8 weeks no showed
changes in weight gain, but observed significative increase of the central adiposity
(Eguchi et al., 2008). Almeida et al., 2008 used high fat diets with different
compositions during 14 weeks found weight gain in rats trained and untrained. Other
study with wistar rats that also used high fat diet (cafetery), but with different
components from those used in this study, showed body weight gain and adiposity
(Pérez-Echarri et al., 2007). In this study showed significant increase in weight gain and
in central adiposity when compared with those fed with the standard diet showing an

important contribution of the hiperlipidic diet to this result.

White blood cells react very quickly to perform the sepsis-induced inflammatory
response and are, therefore, an important diagnostic marker to the monitoring the

severity of the systemic response to sepsis (Gabay and Kushner, 1999). In the current
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study, CLP induced sepsis resulted in a significant elevation white blood cell counts
compared to sham CLP rats after four hours sepsis. In individuals with sepsis, the white
blood cell count can be either reduced or elevated (Tsiotou et al., 2005). Sepsis-induced
leucopenia is a frequent occurrence in neonates and is associated with poor outcome
(Funke et al. 2000). This leucopaenia may arise from exhaustion of bone marrow
progenitors, arrested maturation of the committed granulocyte lineage, or an imbalance
between extravasation and production (Quezado et al. 2001). The differential white
blood cell counts in the present study revealed a significant increase in the percentage of
neutrophils and a decrease in the percentage of lymphocytes in CLP rats compared to
their sham CLP a and un-operated counterparts. A similar situation pertains in human
sepsis, in which neutrophilia and lymphopaenia are associated with bacteraemia (Wyllie
et al. 2004) and the neutrophilia reflects the inflammatory response induced by acute

bacterial sepsis.

The consumption of a single high-fat meal (HFM) is known to elevate levels of
triglycerides and systemic inflammatory markers such as C-reactive protein and
cytokines (Miller et al. 2005). C-reactive protein is commonly used as a marker for
inflammatory states and for early identification of infection. C-reactive protein is
produced by the liver in response to tissue injury or infection. It reaches its maximum
serum concentration around 24 hours after the inflammatory process sets in and slowly
decreases thereafter (Cicarelli et al., 2005). In this study, we found no difference in
levels of C-reactive protein when comparing normal and obese rats after 4 hours of
sepsis for cecal ligation and puncture (CLP). When comparing the groups after 24 hours
of sepsis also found no difference between them. Thus, obesity does not appear to have

influenced the levels of c-reactive protein in this model of sepsis.
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The lung is an important organ affected during abdominal sepsis (Tsai and
Grayson, 2008). Some authors have reported losses as edema, hemorrhage and
accumulation of neutrophils from 36h of intra-abdominal sepsis showing that the lung
was prepared to react to aggressive agents within few hours after the intra-abdominal
sepsis. Yin et al. (2000) found moderate edema 24h post CLP before onset of severe
injury characterized by diffuse alveolar hemorrhage and alveolar wall thickening with
increased cellularity at 48 h post CLP. The moderate lung injury 24h post CLP is
consistent with that previously reported (Mercer-Jones et al., 1997) who observed
increased alveolar hemorrhage, septal wall thickening and capillary congestion in mice
at this same time point. In this study, it was found mild to moderate hyperplasia of the
bronchial-associated lymphoid tissue (BALT) in normal rats 4h post CLP, obese rats
sham-operated and obese rats 4h post CLP, characterizing a normal reactional immune

response to a systemic injury.

The histological findings 24 h post CLP were the presence of capillar congestion
and just a discret increase of neutrophils in venules and alveolar capillaries in normals
rats post CLP, while it was observed a moderate increase of neutrophils in pulmonary
venules among obese rats sham-operated. Neutrophils are one of the most important
effector cells at the frontier of innate immune responses, and they play a critical role in
host defense against invading microorganisms. In obeses rats 24h post CLP, it was
noted a presence of an area of partial necrosis of the bronchial wall in pulmonary apex,
with formation of intrabronchial abscess, ulceration of the bronchial epithelia with a rim
of large and clear macrophages over the granulation tissue of its basis. These findings

reveal a greater grade of tissular injury, which appears to be related to proteases and
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toxic reactive oxygen radicals released by activated neutrophils. In addition, neutrophils
can produce cytokines and chemokines that enhance the acute inflammatory response
(Guo and Ward, 2002). This finding is of great relevance to the health of obese

individuals, since studies have shown high morbidity and mortality in this situation.
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Figure 1. Body weight of rats normals and obeses
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Figure 3. Total Leukocytes Counting in blood after sepsis 4h
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Figure 4. Total Leukocytes Counting in blood after sepsis 24h
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Figure 5. C-Reactive Protein Assay after sepsis 4 hours
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Figure 6. C-Reactive Protein Assay after sepsis 24 hours
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Figure 7. Lung histopatology after sepsis 4 hours




Figure 8. Lung histopatology after sepsis 24 hours
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Legends for the figures

Table 1. Composition of the Standard Diet (NUVILAB — Nuvital Nutrientes S/A,

Brazil) and High Fat Diet. SD, Standard; HF, High Fat.

Table 2. Table 2. Composition of the fat acids of the Standard and High Fat Diet. SD,
Standard; HF, High Fat; SFA, Saturated Fatty Acid; MUFA, Monounsaturated Fatty;

PUFA, Polyunsaturated Fatty Acid; TFA, Trans Fatty Acid; ND, No Detected.

Figure 1. Body weight of rats fed with High Fat (HF) or Standard Diet (SD) for twenty
weeks. Data are expressed as means + SE, n=33 (SD) and n=39 (HF). Mann-Whitney U
test were used to compare single groups. A value of P <0.05 was considered statistically

significant.

Figure 2. Abdominal Fat of the rats fed with High Fat (HF) or Standard Diet (SD) for
twenty weeks. Data are expressed as means + SE, n=19 (SD) and n=26 (HF). t- Student
teste were used to compare single groups. A value of P <0.05 was considered

statistically significant.

Figure 3. Total Leukocytes Counting in blood after 4 hours of sepsis (CLP). Normals
and obeses rats submitted sepsis for CLP (n=10-13). The blood were obted before and
after sepsis. Data are expressed as means + SD. Mann-Whitney U test were used to

compare groups. A value of P <0.05 was considered statistically significant.
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Figure 4. Total Leukocytes Counting in blood after 24 hours of sepsis (CLP). Normals
and obeses rats submitted sepsis for CLP (n=10-13). Blood samples were obtained
before and after sepsis (24h). Data are expressed as means + SD. Mann-Whitney U test
were used to compare groups. A value of P <0.05 was considered statistically

significant.

Figure 5. Levels C-Reactive protein after 4 hours of sepsis. Normals and obeses rats
submitted sepsis for CLP (n=6-8). Data are expressed as means + SD. Student t test
were used to compare groups. A value of P <0.05 was considered statistically

significant.

Figure 6. Levels C-Reactive protein after 24 hours of sepsis. Normals and obeses rats
submitted sepsis for CLP (n=7-9). Data are expressed as means + SD. Student t test
were used to compare groups. A value of P <0.05 was considered statistically

significant.

Figure 7. Histological findings of the lung from normal and obese rats 4 hours after the
surgical procedure (either sham or CLP). A) Preserved architecture of the lung in
normal rats sham-operated; B) Moderate BALT hyperplasia (blue arrow) of normal rats
after sepsis for CLP; C) mild BALT hyperplasia (red arrow) of obese rats sham-
operated; and D) preserved lung architecture in obese rats sepsis-induced by CLP.

n=6/group. H&E stain; 40x original power magnification.
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Fugure 8. Histological findings of the lung from normal and obese rats 24 hours after
the surgical procedure (either sham or CLP). A) Preserved lung architecture in normal
rats sham-operated; B) Capillar congestion and discret increase of neutrophils in venules and
alveolar capillaries (blue arrows) in normals rats after CLP; C) Moderate increase of neutrophils
in pulmonary venules (red arrow) in the obese rats sham-operated; D) Area of parcial necrosis
of the bronchial wall in pulmonary apex, with intrabronchial abscess formation in obese rats
with sepsis post CLP; note the epithelia ulceration (blue arrow), a rim of large and clear
macrophages (red arrow), and the purulent center (green arrow). n=6/group. Original power

magnifications: 40x (A); 200x (B and C) and 100x (D).
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CONSIDERACOES FINAIS

A modulacéo nutricional da resposta imune pode ser demonstrada tanto na
deficiéncia nutricional quanto na obesidade. A obesidade pode causar sequelas
tardias em diversas células do sistema imune, em patrticular, na resposta imune
inata. Dessa forma, o uso continuo de dietas hipercaléricas e hiperlipidicas
podem levar a prejuizos metabdlicos e imunologicos em ratos e humanos.
Diversos estudos j& demonstraram resisténcia a insulina, hepatopatias,
doencas cardiovasculares e alteracfes na resposta imunolégica em diversas
situagcbes como em infeccbhes e sepse. Os estudos ora apresentados
demonstram a influéncia da obesidade sobre a resposta imune inata sistémica
e tecidual. O primeiro artigo mostrou que ratos obesos submetidos a sepse
polimicrobiana apos 24 horas causa lesdo pulmonar grave devido ao aumento
da resposta de células de defesa como macréfagos e neutrdfilos. No segundo
artigo, a avaliacdo de macréfagos alveolares em ratos obesos sépticos mostrou
grande aumento da liberacdo de substancias toxicas como o 6xido nitrico. Além
disso, mostrou elevada concentracdo de IL-12 que é pro-inflamatoéria e
apresenta-se em maior quantidade no pulméao apés 24h da cirurgia CLP. Esses
dados demonstram uma acao conjunta de eventos que contribuem para defesa
do organismo e ao mesmo tempo pode causar prejuizos para individuos em
situacbes adversas como na obesidade. E importante saber que esses

individuos ja possuem um estado inflamatério constante e que pode ser

estimulado por processos infecciosos.
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Anexos |

Tabela 1 — Composicao da dieta padrao “Nuvilab” (Nuvital Nutrientes S/A),

utilizada na alimentacéo dos animais Normais (N).

ENRIQUECIMENTO ( Kg DE RACAQ) ™.

Vitamina A 12.000U1

Vitamina Dj 1.800 Ul

Vitamina E 30 mg

Vitamina Ks 3mg

Vitamina B, 5mg

Vitamina B, 6 mg

Vitamina Bg 7 mg

Vitamina By, 20 mcg

Niacina 60 mg

Acido Pantoténico 20 mg

Acido Félico 1 mg

Biotina 0.05 mg

Colina 600 mg

Ferro 50 mg

Zinco 60 mg

Cobre 10mg NIVEIS DE GARANTIA &

lodo 2 mg

Manganés 60 mg Umidade (max.) 12,5%

Selénio 0.05mg Proteina (min.) 22,0%

Cobalto 1.50 Extrato Etéreo (min.) 4,0%

Aminoécidos: DL-metionina 300mg mg:g::: E/il?r:g?:I ((rrrr]g;)) 26000/2/
_ Lisina 100mg Célcio (max.) T Tav

Antioxidante 100 mg Fésforo (min.) 0.80%

COMPOSICAO BASICA ™): Carbonato de Calcio, farelo de milho, farelo de soja,
farelo de trigo, fosfato bicélcico, cloreto de sddio, Pré-mix vitaminico mineral e de
aminocidos, aditivo antioxidante.
&) Segundo Nuvital Nutrientes S/A.



Tabela 2 — Composi¢do Centesimal da Dieta Hiperlipidica (DH)
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Nutrientes Dieta (g/1009)
P H
Carboidrato 57 46
Proteina 22 17
Lipidio 4 23
Cinzas 9 4
Umidade 8 10
Energia (Kcal/g) 3,5 4,5
Acidos Graxos Acidos Graxos Totais %
P H
C12:0 ND 13,81
C14:0 ND 5,81
C16:0 15,86 12,65
C18:0 3,31 6,08
C18:1 ®-9 cis 26,24 34,52
C18:1 -9 trans 1,18 0,41
C18:2 »-6 cis 49,68 21,68
C18:3 »-3 3,72 0,27
C20:0 ND 0,77
C20:1»-9 ND 0,80
C22:0 ND 1,58
C24:0 ND 1,01



Total SFAs

Total MUFASs cis

Total PUFAS cis

Total TFAS

PUFA: SFA

®-6: -3

19,17
26,24
53,4
1,18
2,78

13,35

41,71
35,32
21,95
0,41
0,53

80,3
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Anexo Il

Certificado de aprovacdo do Comité de Etica em Experimentagcdo Animal

UNIVERSIDADE FEDERAL DA BAHIA
FACULDADE DE ODONTOLOGIA
w Comissio de Etica na Experimentac&o Animal

UFBA - Faculdade de Odontologia - Av. Aratijo Pinho, 62 - Canela
CEP: 40.140-110 - Salvador - BA - Tel: (71) 336-5976
Home-page: www.ufba.br

CERTIFICADO

Certificamos que o Projeto de Pesquisa “EFEITOS NEUROIMUNOENDOCRINOS DE
RATOS OBESOS SUBMETIDOS OU NAO A SEPSE — 01/07” de autoria de MARIA
JOSE PEDREIRA RAMALHO, foi analisado pela Comissdo de Etica na Experimentagdo
Animal e considerado APROVADO em reunido ordindria realizada nesta data.

Salvador, 24 de ABRIL de 2007
A WLL\
Prof. Antonio Luiz B. Pinheiro
Presidente
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Anexos Il - Publicagbes

1. Artigos originais

Artigo 1 - Activity of alveolar macrophages in obese rats submitted to sepsis by
cecal ligation and puncture (CLP)

Artigo 2 - Sepsis CLP-induced alters lung histology and hematological parameters
in obese adults rats.

2. Apresentacdao de trabalhos sob a forma de painel

Trabalhos apresentados durante o ano de 2007

Titulo: Physiology of rat alveolar macrophage after tem weeks of high fat diet.
Autores: Santos, A.Q.; Prado, G.J.; Galvao, B.H.A.; Barreto-Medeiros, J.M.; De
Castro, C.M.M.B.; Ramalho, M.J.

Evento: VIII Simpdsio Internacional de Alergia Imunologia Clinica.

Periodo: 17 a 19 de agosto de 2007.

Local: Salvador- Bahia.

Titulo: Uso crénico de dieta hiperlipidica ndo altera o perfil leucocitario de ratos.
Autores: Ramalho, M.J.; Queirés-Santos, A.; Prado, G.J.; Santos, L.C.; De
Castro, C.M.M.B.

Evento: XXII Reunido Anual da Federacdo de Sociedades de Biologia
Experimental (FeSBE).

Periodo: 22 a 25 de agosto de 2007.

Local: Aguas de Lindéia-SP.
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Titulo: Dieta hiperlipidica e a funcdo de macrofagos alveolares em ratos.
Autores: Queirés-Santos, A.; Prado, G.J.; Santos, L.C.; Barreto-Medeiros, J.M.;
De Castro, C.M.M.B.; Ramalho, M.J.

Evento: XXII Reunido Anual da Federacdo de Sociedades de Biologia
Experimental (FeSBE).

Periodo: 22 a 25 de agosto de 2007.

Local: Aguas de Lindéia-SP.

Trabalhos apresentados durante o ano de 2008

Titulo: Funcdo de macrofagos alveolares de ratos alimentados com dieta
hiperlipidica submetidos a sepse.

Autores: Queirds-Santos, A.; Galvao, B.H.A.; Prado, G.J.; Matos. Y. S.; De
Castro, C.M.M.B.; Ramalho, M.J.P.

Evento: XXII Reunido Regional da Federacdo de Sociedades de Biologia
Experimental - FeSBE.

Periodo: 29 de maio a 01 de junho de 2008.

Local: Fortaleza - CE.

Titulo: Dieta hiperlipidica altera funcdo de macréfagos alveolares de ratos
submetidos a sepse.

Autores: Queirés-Santos, A.; Galvao, B.H.A.; Prado, G.J.; Matos. Y. S.; De
Castro, C.M.M.B.; Ramalho, M.J.P.

Evento: XXIlI Reunido Regional da Federacdo de Sociedades de Biologia
Experimental - FeSBE.

Periodo: 20 a 23 de agosto de 2008.

Local: Aguas de Linddia - SP.

Titulo: Uso crbnico de dieta hiperlipidica em ratos submetidos a sepse:

alteracOes corporais e imunoldgicas.
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Autores: Queirés-Santos, A.; Prado, G.J.; Matos. Y. S.; Moreira, P.R.S.; Deiré,
T.C.B.J.; De Castro, C.M.M.B.; Ramalho, M.J.

Evento: XXIII Reunido Regional da Federacdo de Sociedades de Biologia
Experimental - FeSBE.

Periodo: 20 a 23 de agosto de 2008.

Local: Aguas de Lindoia - SP.

Titulo: Prolonged use of diet hiperlipidic increase the production of nitric oxide
in sepstic rats.

Autores: Queirés-Santos, A.; Prado, G.J.; Matos. Y. S.; Catto, F.; Magarao,
R.V.; Barreto-Medeiros, J.M.; De Castro, C.M.M.B.; Ramalho, M.J.

Evento: IX Simpdsio Internacional de Alergia e Imunologia Clinica

Periodo: 11 a 13 de setembro de 2008.

Local: Salvador - BA.

Titulo: Dieta hiperlipidica altera funcdo de macrofagos alveolares de ratos
submetidos a sepse.

Autores: Queirdés-Santos, A.; Galvao, B.H.A.; Prado, G.J.; Matos. Y. S.; De
Castro, C.M.M.B.; Ramalho, M.J.P.

Evento: EXPOPPGIm 2008

Periodo: 20 a 21 de novembro de 2008.

Local: Salvador - BA.

Titulo: Uso crénico de dieta hiperlipidica em ratos submetidos a sepse:
alteracdes corporais e imunolégicas.

Autores: Queirds-Santos, A.; Prado, G.J.; Matos. Y. S.; Moreira, P.R.S.; Deir0,
T.C.B.J.; De Castro, C.M.M.B.; Ramalho, M.J.

Evento: EXPOPPGIm 2008

Periodo: 20 a 21 de novembro de 2008.

Local: Salvador - BA.
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Trabalhos apresentados durante o ano de 2009

Titulo: Ratos obesos submetidos a sepse por CLP apresentam parametros
histopatoldgicos e leucograma alterados.

Autores: Queirés-Santos, A.; Leal, V.M.; Souza, E.L.X.; Nunes, V. L. C;
Santos, N.M.R.; Moreira, P.R.S.; De Castro, C.M.M.B.; Ramalho, M.J.

Evento: EXPOPPGIm 2008

Periodo: 20 a 21 de novembro de 2008.

Local: Salvador - BA.

Trabalhos apresentados durante o ano de 2010

Titulo: Dieta hiperlipidica eleva o peso corporal e causa dano pulmonar em
ratos obesos submetidos a sepse (CLP).

Autores: Santos, N.M.R.; Leal, V.M.; Souza, E.L.X.; Queirds-Santos, A,
Moreira, P.R.S.; Nunes, V. L. C. ; De Castro, C.M.M.B. Ramalho, M.J.

Evento: Fesbe Regional

Periodo: 27 a 29 de maio de 2010

Local: Aracaju - SE

Titulo: Dieta hiperlipidica por tempo prolongado causa aumento de peso
corporal, gordura abdominal e glicemia em ratos.

Autores: Leal, V.M.; Souza, E.L.X.; Santos, N.M.R; Queirés-Santos, A; Deiro,
T.C.B. J.; Barreto-Medeiros, J.M.; De Castro, C.M.M.B. Ramalho, M.J.

Evento: Fesbe Regional

Periodo: 27 a 29 de maio de 2010

Local: Aracaju - SE
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Titulo: Dieta hiperlipidica eleva peso corporal, gordura abdominal e causa
dano pulmonar em ratos submetidos a sepse (CLP).

Autores: Leal, V.M.; Souza, E.L.X.; Santos, N.M.R.; Queirds-Santos, A,
Ramalho, M.J.

Evento: Ganepéo
Periodo: 16 a 19 de junho de 2010

Local: Sao Paulo - SP
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