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RESUMO

O sistema renina-angiotensina (SRA) ja é reconbecaino um importante modulador de
processos metabolicos do corpo, sendo a sua ativagéincipal fator que contribui para a
obesidade/sindrome metabdlica, associado a efpidgénflamatorios e danos hepéticos.
Desta forma, a ativacdo deste sistema pode estalvieta no desenvolvimento de esteatose
hepatica com consequente estimulo da lipogénegare€ente estudo teve como objetivo
investigar o efeito da administracdo oral de celd® um antinflamatério inibidor da
ciclooxigenase-2 (ICOX-2), sobre o sistema reningiagtensina (SRA) e mediadores
inflamatorios no tecido adiposo branco, além da algste farmaco sobre a lipogénese, na
obesidade e esteatose hepatica. Camundongos nfadBadsN foram divididos em 3 grupos
que foram alimentados com as seguintes dietas iexgr@ais: o primeiro com padrao (DP); o
segundo com dieta rica em gordura (DH), ambos teirqumatro meses; e o terceiro, que foi
alimentado com DH, durante quatro meses, e tratadoinibidor de COX-2 (DH + ICOX),
durante dois meses, a uma dosagem de 100 mg /xgsdecorporal. Foram avaliados 0 peso
corporal e a ingestdo de alimentos. Em um primeimnmento, oS parametros sanguineos
(tolerancia a glicose, sensibilidade a insulinppproteina de alta densidade-C, colesterol
total, glicemia e niveis de triglicerideos) foramaleados. PCR em tempo real foi realizada
em amostras de tecido adiposo epididimal para samadi expressdo do angiotensinogénio
(AGT), enzima conversora de angiotensina (ECAkrlaticina-6 (IL-6) e fator de necrose
tumorale (TNF-0). No segundo momento, a histologia e a expressdQf, PPARy, FAS,
SREBP-1c através de PCR gquantitativo em tempqgéal-PCR) foram avaliadas no figado.
Os resultados mostraram que o inibidor seletivoidaoxigenase-2 (celecoxibe) é capaz de
promover a perda de peso em animais considera@s®®le reduzir o consumo de alimentos.
Este trabalho mostra diferencas nos niveis de ssfoedo RNAm de ECA, AGT, TNk-e
IL-6 entre os grupos, sendo menor no grupo quebeec&ratamento com celecoxibe. Além
disso, ICOX-2 diminuiu os niveis sanguineos delitégdes e glicose em animais
alimentados com dieta rica em gordura. Observotasdeém, aumento do HDL no grupo
tratado. A pesquisa mostrou, ainda, na analisegdoss relacionados com a adipogénese do
figado, que a expressdao do RNAm de ACC, FAS, PPAR-SREBP1-c no figado foram
reprimidas de forma significativa nos animais geeeberam tratamento. Diante disso,
conclui-se que o tratamento com celecoxib melharaunetabolismo lipidico e promoveu a
diminuicdo da deposi¢cdo de gordura no figado, alénmodular marcadores do sistema
renina-angiotensina e da lipogénese. Estes reesltadrem uma nova perspectiva para a
farmacoterapia destas desordens metabdlicas (siedroetabdlica/obesidade e esteatose
hepatica).

Palavras-chave: Obesidade. Inibidor de Ciclooxigefsia Sistema renina-angiotensina.
Figado gorduroso. Droga anti-inflamatéria ndo-estielal.



ABSTRACT

The renin-angiotensin system (RAS) is already remegl as an important modulator of
metabolic processes of the body, its activatiomndpeihe main contributor to obesity /
metabolic syndrome associated with pro-inflammatong liver damage. Thus, activation of
this system may be involved in the development gpdtic steatosis with a consequent
stimulation of lipogenesis. This study aimed toestigate the effect of oral administration of
celecoxib, an anti-inflammatory inhibitor of cycl®oygenase-2 (ICOX-2), on the renin-
angiotensin system (RAS) and inflammatory mediaitonshite adipose tissue, in addition to
the action of this drug on lipogenesis in obesityg datty liver. Mice male FVB / N were
divided in 3 groups were fed with the following expnental diets: standard with first (DP);
the second high-fat diet (DH), both for four montasd third, which was fed DH during four
months, and treated with COX-2 inhibitor (DH + ICD#r two months at a dosage of 100
mg / kg body weight. They evaluated the body weightl food intake. At first, blood
parameters (glucose tolerance, insulin sensitivitygh-density lipoprotein-C, total
cholesterol, glucose and triglyceride levels) waraluated. Real-time PCR was performed in
epididymal adipose tissue samples to analyze amgotogen expression (AGT),
angiotensin-converting enzyme (ACE) inhibitors.enteukin-6 (IL-6) and tumow necrosis
factor (TNFe) . In the second stage, histology and expressioA@C, PPARy, FAS,
SREBP-1c using real-time polymerase chain reada®T-PCR) were evaluated in the liver.
The results showed that selective cyclooxygenasgnbitor (celecoxib) is able to promote
weight loss in obese animals considered and rethm#® consumption. This work shows
differences in mMRNA expression levels of ACE, AGIINF-a and IL-6 between groups,
being lower in the group receiving treatment wighecoxib. Furthermore, ICOX-2 decreased
blood glucose and triglyceride levels in animald fagh fat diet. It was also observed,
increasing HDL in the treated group. The surveyp alsowed the analysis of genes related to
adipogenesis liver, the mRNA expression of ACC, FRBARy and SREBP1-C in the liver
were suppressed significantly in animals receitiegtment. Therefore, it is concluded that
treatment with celecoxib improved lipid metabolismd promoted decrease fat deposition in
the liver, in addition to modulate markers of tlemin-angiotensin system and lipogenesis.
These findings open up a new perspective for tharrpacotherapy of these metabolic
disorders (metabolic syndrome / obesity and faisr).

Keywords: Obesity. Cyclooxygenase-2. Renin-anggitersystem. Fatty liver. Drug anti-
inflammatory non-estereoidal.
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INTRODUCAO

Habitos de vida relacionados aos avancos tecnagdgén levado a diminuicdo da pratica de
atividades fisicas comuns, o que, aliado a mudacgagportamentais e dietéticas, tem
contribuido para uma desregulacdo do balanco eimrge das vias metabdlicas essenciais

para o organismo humano (1).

Este desequilibrio metabdlico tem ocorrido em rag@gopulacéo brasileira, assim como a
mundial, estar passando por um fen6meno denomitradsi¢cdo nutricional, causado por
mudancas demograficas, socioecondmicas e epidagitaid Esta transicdo trouxe como
consequéncia o aumento mundial da prevaléncia dsiddrle, que vem sendo considerada

uma verdadeira epidemia).

A obesidade estd associada a uma resposta inflametonica, caracterizada pela produgéo
anormal de adipocinas e pela ativacdo de algunaasde sinalizacdo pro-inflamatoérigs.

Por outro lado, uma reducdo do peso corporal é paohada por uma diminuicdo ou até
mesmo uma normalizacdo destes parametros biolodisia associacdo € significativa e
diversos modelos animais sugerem que estes praciedsmmatorios tém uma relagdo causal
com a obesidade e suas co-morbidades como a nesasééinsulina, diabetes tipo 2 e doencas

cardiovasculare§3).

As alteragdes no organismo resultantes de todopestesso estao inseridas no contexto da
chamada sindrome metabdlica (SM). A sindrome métabéstd comumente associada a um
conjunto de doencas metabdlicas como hipertens@msalerose, dislipidemias e diabetes,
caracterizados, principalmente, pela hiperinsuliaera por diferentes intensidades de

resisténcia a insulina (RI), processo este agrapetibobesidade (4-6).

A expressao hepética desta sindrome é a doencachegardurosa nao alcoolica (DHGNA),
caracterizada pela deposicdo de gordura nos hépatdde individuos com pouca ou

nenhuma ingestéo de alcqa).

O objetivo do tratamento da deposicdo de gordusa hepatocitos tem sido melhorar a
esteatose e impedir o desenvolvimento de fibrose, mpde evoluir para cirrose e suas

complicacbes. Para este fim, deve ser controladolesterol, a glicemia, a dislipidemia, a
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hipertenséo, o peso corporal e as mudancas desdgugapodem ser prejudiciais a funcao
hepética. Além da modificagdo de estilo de vidaésabjacente a terapia bem sucedida.

Desta forma, ndo existem tratamentos especificos @steatose hepatica. A terapia com
drogas tem sido focada nos fatores de risco tas @ obesidade, a diabetes, a sensibilidade

a insulina, na melhora da funcéo das célflasa funcéo de hepatocit@s.

Diversos componentes, como os inibidores da ciammase -2 (ICOX-2) tém apresentado
efeitos positivos na resposta inflamatoria em nuxlele animais obesos, demonstrando-se
viaveis na modulacéo de entidades patoldgicas easl na sindrome metabolits.

Neste contexto, os resultados do presente trabplrnitem conhecer o efeito da
administragéo de inibidores da COX-2, celecoxib®, modelos animais de obesidade /
sindrome metabdlica e esteatose hepéatica, sendmdEmental importancia como testes pré-
clinicos de avaliagdo de efeitos, abrindo a petsf@eale desenvolvimento de novos

medicamentos para combater estas doencas cardomieds.
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2 OBJETIVOS

2.1 Objetivo geral

= Avaliar o efeito do inibidor seletivo da ciclooxiggse do tipo-2, celecoxibe, sobre
citocinas inflamatdrias e sistema renina-angiotensno tecido adiposo e sobre a

lipogénese na esteatose hepatica em modelo mwinbaksidade.

2.2 Objetivos especificos

« Analisar a regulacdo glicémica por meio de testesseénsibilidade insulinica e
tolerancia a glicose nos diferentes grupos, aliadwd com dieta padrdo ou
hiperlipidica isolada ou alimentados com dieta Hiipielica e tratados com inibidor da
ciclooxigenase do tipo-2, celecoxibe, na obesidade.

« Avaliar as alteracdes ponderais e 0s niveis sétipi@icos (triglicérides, colesterol
total e HDL), nos diferentes grupos e o efeito rdatmento com celecoxibe, inibidor
seletivo da enzima ciclooxigenase do tipo 2, ap&rens alimentados com dieta

hiperlipidica, na obesidade e na esteatose hapatic

« Avaliar o efeito do tratamento oral com inibidor €0X-2 (celecoxibe) sobre
mediadores inflamatérios (IL-6 e TNE; na obesidade; componentes do sistema
renina-angiotensina (AGT e ECA), também na obesidadcompostos envolvidos na
via lipogénica (PPARs SREBP-1c, ACC e FAS), na esteatose hepatica.
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3 REVISAO DE LITERATURA

3.1 Sindrome metabdlica

A prevaléncia da sindrome metabdlica (SM) é altav@nips paises do mundo, na
maioria das vezes, ultrapassando 20% do total dalagcho adulta (10, 11), chegando a mais
de 80% entre os pacientes cddmbetes Mellitustipo 2 (DM2) (12). Beighet al (13)
sugeriram que a SM estava presente em ambos o0ss, sexasculino e feminino,
correspondente a 29% e 23%, respectivamente. Nsil Bxabcorréncia desse agravo também
€, constantemente, superior a 20% (14-16).

E relevante destacar que frequéncias semelhanéssaatém sido observadas em
comunidades rurais. Tal fato é atribuido a incapao de habitos de vida urbanos pelos
habitantes dessas regibes, como 0 maior consuralingentos de alto valor cal6rico e menor
nivel de atividade fisicél7, 18).

O conjunto de fatores de risco que identificamna@rgime metabdlica foi reconhecido,
pela primeira vez, em 19839), estabelecenda patogénese da sindrome como multifatorial,
na qual a obesidade, a vida sedentaria, a dietaneermacdo com fatores genéticos sdo o0s
responsaveis pelo seu aparecimetosteriormente, mutacées e polimorfismos nos genes
associados com a resisténcia a insulina, anorndaédanos adipdcitos, hipertensdo e
alteracdes lipidicas passaram a ocupar papel degdesna etiopatogenia dessa sindr{toe
21). Considerando-se que os estudos nao estabelecepaesemca de resisténcia a insulina
como unico fator causal de todos 0os componentesndiaome(22) e levando-se em conta a
diversidade de fatores relatada, em 1998, a Orgegdiz Mundial da Saude definiu o termo
unificado de sindrome metabdlica como um transtoromplexo representado por um
conjunto de fatores de risco cardiovascular qua estmalmente associado a resisténcia
insulinica, a deposicado central de gord(?&), a dislipidemia, a hipertensdo arterial, a
hiperinsulinemia, & intolerédncia a glicose, ao dstro-inflamatorio e pro-trombdtico,
culminando em doencas cardiovasculares (DCV) e ethab(24) estando ainda

frequentemente associada a alteracGes hepaticagraaes25, 26).
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Sindrome Metabdlica

Resisténcia
a Insulina

Doencas
Vasculares

Dislipidemia

Figura 1: Fatores de risco associados a sindrortabgiea (27).

3.2 Obesidade

A obesidade é considerada como um grande problensa@de publica, que atinge
proporcdes epidémicas em muitos paises (28). Anarggdo Mundial da Saude (2014)
mostra que a prevaléncia da obesidade em todo daraumentou enormemente desde 1980
(Figura 2 e 3) (29).

Prevalence (%)
[ ]<t00
[ ]10.0-19.9
[ 7] 20.0-2000
I =30.0
l:l Data not available

[ Notapplicable * Body Mass Index 230 kg/m2
Figura 2: Prevaléncia da obesidade, individuosedm snasculino com idade superior a 18
anos, 2014 (29).
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® o0

Prevalence (%)
<10.0
10.0-19.9

Data not available

Not applicable * Body Mass Index 230 kg/m2

Figura 3: Prevaléncia da obesidade, individuos ed@ $eminino com idade superior a 18
anos, 2014 (29).

O relatorio indica que 39% e 13% das pessoas coamd$ ou mais foram sobrepeso e
obesas, respectivamente, em 2014 (30).
No Brasil, segundo dados do Ministério da Saud&4p® total de obesos adultos tem

crescido a cada ano, chegando a 17,9% (Figurad4) (3
0 =2006 ®2007 m2008 =2009 ©=2010 =201 ©2012 ©2013 02014
25 -

20 17.517.6
165

£15

10

Total Masculino Feminino

Aumento significativo (2006-2014) em todos os estratos p<0.001

Figura 4: Evolucdo da frequéncia de obesidade,086 2 2014, no Brasil, segundo
Ministério da Saude (30).
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A determinacéo da etiopatogenia da obesidade expeesim verdadeiro desafio para
0s servicos de saude, provavelmente devido ao aiec marcadamente heterogéneo e
multifatorial. Apesar de ser bem aceito que o@sld vida e outros fatores ambientais tenham
influéncia sobre os determinantes da obesidade;smalgue sua suscetibilidade €, em parte,
determinada pelo sinergismo entre genes e meioeatehio que significa que um ambiente
obesogénico é tipicamente necessario para a efiprdedenottipg31l).

A obesidade é acompanhada de uma inflamacéo crdeidaaixo grau, que afeta
negativamente a funcao de varios tecidos e orgdujes,origem parece ser o proprio tecido
adiposo, sendo identificado como um 6rgéo sec(8®)r

De acordo com esta teoria, 0 acumulo de lipidegs & aumento da expressao de
genes que codificam citocinas, quimiocinas, e nudéécde adesdo em adipdcitos, atraindo
células do sistema imunolégico que contribuem parasintese de mediadores pro-
inflamatorios (32-34). O tecido adiposo secreta tiplds peptideos bioativos, que nao
influenciam apenas a funcdo adipocitaria, mas tamafetam varias vias metabdlicas por
meio da circulacdo sanguing¢a5). Cada adipécito produz uma pequena quantidade de
substéancias, porém, como o tecido adiposo podeossiderado o maior 6rgao do corpo, o
conjunto desses fatores produz um grande impastfungbes corporais, contribuindo, direta
ou indiretamente, para processos como a ateroselehipertensao arterial, dislipidemias,
resisténcia insulinica e diabetes tipo 2, represeltt 0 elo entre adiposidade, sindrome
metabolica e DCV(36, 37).No entanto, a identificacdo dos produtos secrstpeto tecido
adiposo somente foi possivel com o desenvolviméetsofisticadas técnicas moleculares
(38).

O excesso de gordura na porcao superior do abdpoum ser secundario ao maior
deposito de tecido adiposo no peritdnio (gordutiaiabdominal ou visceral) e/ ou no tecido
subcutaneo. As contribuicbes especificas de cadapatimento para a ocorréncia de
resisténcia a insulina, dentre outras alteracbembtkcas, tém sido foco constante na
literatura(4), uma vez que, ndo esta claro quais os tipos dgotacliposo, subcutaneo ou
visceral, executam papel dominante na sintese dexdwes pré-inflamatérios (39).

Apesar das evidéncias de que o tecido adiposautr®o desempenha um papel na
resisténcia a insulina, a gordura visceral corretecse de forma independente com todos os
critérios utilizados para definicdo da sindromeabélica(40), o que sugere uma importante

participacdo desse compartimento nos seus mecagisiopatoldgicos.
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Alguns trabalhos tém mostrado a participacao daidade visceral na diminuicdo da
captacdo de glicose mediada pela insulina, sugenmda relacdo com a RI, através de
mecanismos envolvendo adipocinas (41).

Ha também uma correlacéo inversa da adiponecima,ccTNFe, (pré inflamatorio),
cuja expressao é proporcional ao grau de resist@nicisulina que pode ser um fator inibidor
da atividade promotora do gene da adiponectinaenmm explicar, em parte, a associacao
inversa observada entre o acumulo de gordura wiscersecrecdo elevada de T os
niveis diminuidos de adiponectina (42), além daagfo da enzima conversora de
angiotensina (ECA), afetando a fungao hormonakdmo adiposo (43, 44).

A adiponectina € um hormodnio secretado pelos adgmd® possui propriedades
antilipoliticas e anti-inflamatérias (45), sendmsimerada um marcador da SM em estudos
que demonstraram seus niveis diminuidos em razacelelacdo das citocinas pro-
inflamatorias interleucina-6 (IL-6), fator de neseadumoral alfa (TNFe) e interleucina 1 beta
(IL-1P) (46), 0s quais contribuem para a resisténcia a insulotiafencéo vascular (47), além
de promoverem a lipdlise do tecido adiposo, rasdlb num aumento de acidos graxos livres
(AGL) na circulacaq48).

3.3 Inflamacéo na obesidade

Durante décadas, o tecido adiposo foi consideradmaim 6rgdo com papel crucial
apenas na regulacdo da homeostase dos éacidos giaxoesganismo. Em periodos de
abundancia de calorias, os acidos graxos livresag@azenados na forma de triacilglicerol,
através da sua esterificagdo com glicerol e, enpdsnie escassez de energia, esses Sao
liberados de volta para a circulag@®).

Hoje ja se sabe que além destas funcdes, este técwhpaz de produzir outras
subsancias que irdo influenciar diversas func@sldigicas de uma maneira geral.

A primeira ligacao entre obesidade e inflamacastigierida quando se descobriu que
o TNF-w - uma citocina com atividade pro-inflamatoria itiiecada como um regulador
negativo da transducéo do sinal de insulina - ée=go no tecido adiposo de roedores obesos,
passando a ser considerado um 6rgao sedffprpois o tecido adiposo, tanto o subcutaneo
quanto o visceral, possui, além de capacidade dalagio do armazenamento e da

distribuicdo de gordura, comunicacdo com o sistamea/oso central e com o trato
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gastrintestinal, desempenhando importante papetsposta inflamatéria em condi¢fes tanto
autocrinas quanto paracrinas ou endocrinas.

Em associacdo a este fato, individuos com obesid#&teral possuem maiores
concentracdes de mediadores inflamatérios sisté&ngqeando comparados a individuos com
obesidade subcutanea. A contribuicdo deste depiaitoa inflamacéo sub-clinica observada
em alguns individuos obesos pode ser a causa dedeoelentre adiposidade visceral e
sindrome metabdlica (51).

Em uma perspectiva geral, respostas inflamat6éasdssparadas com um proposito
de defesa do organismo, reparo tecidual ou ce@rtafuncao de condi¢cdes de estresse. No
entanto, quando a inflamacéo tecidual se tornaicadn permanece ndo resolvida (como é o
caso da obesidade), ela progride, na maioria dassy@ara uma condicdo patofisioldgica e
sistémica, caracterizada por resisténcia a insulmgerglicemia, e desenvolvimento do
diabetes.

Isto decorre da hipertrofia dos adipécitos, istal@,aumento do volume da célula
adiposa devido ao acumulo excessivo de triacilglise especialmente 0s viscerais, que Sao
mais ativos, que esta relacionada com a resist@uciafeito antilipolitico da insulina e ao
aumento da acdo das catecolaminas, levando a a@teh; fluxo dos acidos graxos néo
esterificados para o figado, via sistema portanmando em maior producdo de glicose
hepatica, reducdo da degradacdo de apolipoprotBina aumento da producdo de
triacilglicerdis. Todas essas alteracfes descfitas mecanismos de sintese e oxidacdo de
lipidios, bem como sua fungéo secretodria) sdo datque indicam o envolvimento do tecido
adiposo com a fisiopatologia da SbR).

Esta expanséao induz a infiltracdo e ativacdo derdfegos, caracterizada por uma
producdo aumentada de adipocinas pré-inflamatéoas proteina C reativa (PCR), TNF-

e IL-6, culminando no aumento do processo inflan@agrdnico de baixa intensidade (Figura
5) (53, 54) que impede a correta sinalizagéo intracelulangalina e propicia um estado de
resisténcia a este hormor(ieb). Este perfil inflamatério do tecido adiposo indusexrecao
de diversas substancias pelos adipdcitos, das quais de cinquenta produtos ja foram
isolados e caracterizad@s6). Isso € acompanhado por um aumento da liberac&zides
graxos livres e desregulacdo da secrecdo de varmdutos, dentre eles a leptina, a
adiponectina, a resistina e a proteina ligantetieal (RBP4)(49).
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Figura 5: Expansao do tecido adiposo e inflamagan (

Nesse sentido, estudos experimentais mostraramrajae obesos aumentam nao
apenas os niveis de TNk-+mas também de outras adipocinas pré-inflamat@mizdaindo as
interleucinas 6 e 1-beta, quimiocina ligante CC QCI(2), dentre outra84). Em
contrapartida, estes animais diminuem os nive&digocinas anti-inflamatorias, como a IL-
10 (57).

O TNF-a € uma citocina pré-inflamatéria associada as qdmedi de obesidade e
resisténcia a insulina. Esta citocina tem sido ritescom capacidade de atuar também na
oxidacdo de &cidos graxos em hepatocitos e mus@&sqseléticos por meio de efeitos
mediados pela inducédo da proteina fosfatase 2(peessifio da quinase ativada por AMP
(AMPK), reduzindo-a. Estas taxas diminuidas saangemhadas por acumulo de lipidios
bioativos, como triacilglicerdéis, que por sua V& conhecidos por ativar a proteina quinase
C e inibir a funcdo do substrato do receptor daling (IRS)(58), agravando ainda mais o
quadro.

Originalmente pensava-se que a razdo para o aurnbstvado dos niveis seéricos
desta citocina em individuos obesos fosse a sughrpéio realizada pelo excesso de tecido
adiposo. Entretanto, tem sido reconhecido que esse aumejdodsvido a infiltracdo de
macrofagos M1 no tecido adipo&®).

A IL-6 pode agir de formas distintas, dependendswdaconcentragdo organica, tanto
nos tecidos periféricos quanto no sistema nervestral, influenciando o peso corporal, a
homeostase energética e a sensibilidade insulinicduzindo a hiperlipidemia, a

hiperglicemia e a resisténcia insulinica, e suprttoia expressao de adiponectina e receptores
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e sinalizadores de insulina, se mostrando elevadaoleesos e com niveis plasmaticos

diminuidos em situagdo oposta, como na perda ae(f6%

3.4 Sistema Renina-Angiotensina

O sistema renina-angiotensina (SRA) consiste em wascata na qual o
angiotensinogénio (Agt) é enzimaticamente clivaaioamgiotensina | (Ang I) pela renina. A
Ang | &, entdo, clivada pela enzima conversorardgogensina (ECA) em angiotensina Il
(Ang II) (61). Tanto a Ang | quanto a Ang Il podesam convertidas em Angiotensina (1-7)
(Ang 1-7) pela enzima conversora de angiotensifieaCA 2) (36,62) (Figura 6).

O SRA é um importante mediador entre a sindromealméta e as doencas
cardiovasculares (63). Ele corresponde a um cormopkistema hormonal, cujo papel
fundamental esta relacionado com o controle da sf@cesarterial e homeostasia
hidroeletrolitica do organismcsendo visto como um sistema enddocrino cujo pritcipa
peptideo ativo, a Ang I, € responsavel pela maidas efeitos fisiologicos observados (64).

Desta forma, ja esta bem estabelecido que a ativdagdraco produtor de Ang Il do
SRA € o maior fator de risco para doencas cardiaes (37), pois promove todas as
caracteristicas da sindrome metabdlica: hipertens@erglicemia, resisténcia a insulina,
dislipidemia e obesidade (65). Na obesidade, estensa € ativado no tecido adiposo,
levando a hipertensao arterial e(R6).

Diversos estudos tém demonstrado a presenca e @témpa de SRA locais em
diversos tecidosA utilizacdo de meétodos bioquimicos aliados a wasimodernas de
biologia molecular permitiu a descoberta de muitasnponentes do SRA em tecidos
periféricos. A deteccdo de um ou mais RNAs mensageiesses componentes (Agt, renina,
ECA) em vérios tecidos, como glandulas adrenaiss, rcoracdo, vasos, tecido adiposo e
cérebro, deu sustentacdo a existéncia de SRAS [GGai

Por muitos anos acreditava-se que o tecido adioSpera apenas capaz de estocar o
excesso de energia em forma de triglicerideos erditb como acidos graxd$8). No
entanto, esse paradigma foi quebrado e ja € amptaraeeito que o TA €, também, um 6rgao
enddcrino (69) capaz de secretar varios horménios e citocinas cpm@ribuem no
desenvolvimento da obesidade e outras patologsagiaslas como diabete®ellitusdo tipo 2
(70). O Agt, primeiro componente do SRA neste ®cidentificado no fim da década de

1980, tem expressdo maior no tecido adiposo visdergue no tecido adiposo subcutaneo,
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tanto em roedores guanto em humanos (71, 72).

Angiotensinogénio

1 renina

Angiotenzina I

Angiotensina-(1-9)

E:A\ /E:AE
Amp

Angiotensina ITT

Angiotenzina-{1-4) Angiotensina-{1-5) l Amp

Angiotenzina IV

Figura 6: Componentes do Sistema Renina Angiotar(3iB).

Posteriormente, outros varios componentes forasoaiertos, uma vez que o tecido
adiposo é capaz de produzir diversos componenteSRId (74) [enzima conversora de
Angiotensina | (ECA), enzima conversora de angsiten Il (ECA2) (75) e o receptor de
angiotensina AT1] (76).

Além da producédo dos componentes do SRA e da acabro tecido adiposo, seus
produtos podem ser liberados na circulacédo alterantisiologia sistémica. Muitos desses
efeitos fisioldgicos, citados do SRA, estdo enwnsi na fisiopatologia da obesidade, apesar
da funcionalidade deste sistema no tecido adiposiaaer controversa (7.7)

O controle da ingestédo de alimentos e da pres$@igaaenvolvem sistemas altamente
complexos, que integram sinais centrais e perdérialguns dos quais podem afetar ambas, a
homeostase energética e a pressédo arterial. O SiA iénportante controlador da pressao
arterial e inUmeros estudos sugerem seu envolvoreathipertensdo associada a obesidade
(78) e na atividade da renina plasmatica que se encaunirgentada na maioria dos obesos,

estando associada a ativacdo da ECA rgital
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Diversos trabalhos tém mostrado que a perda daédueen qualquer componente
individual do SRA, testados até o momento, ofeproecéo contra a obesidade induzida por
dieta e resisténcia a insulina. Ou seja, Agt, ®nECA, AT1R ou roedores nocaute AT2R
sdo magros e sensiveis a insulina (80,8&monstrando que a manipulacdo do SRA atraves
da superexpressdo ou supressdo possui efeitosgeehges sobre a obesidade e a
sensibilidade a insulina.

No entanto, 0 SRA apresenta também efeitos reladamscom a Ang-(1-7), os quais
sao geralmente contrarios aos da Ang Il, sendeitoednti-hipertensivo o mais evidente.

Em 2003, foram apresentadas evidéncias de quesptoedVas € o receptor da Ang-
(1-7) - (82). O efeito anti-hipertensivo da Ang{)Lparece ser devido a varios mecanismos

diferentes.

3.5 Esteatose Hepatica

A expressdo hepatica da sindrome metabodlica € acdoeepatica gordurosa nao
alcoodlica (DHGNA), uma condicéo clinico-patologemergente, caracterizada por acumulo
de lipideos no interior dos hepatécitos, excedente10% do peso do figad@3), que
acomete individuos com pouca ou nenhuma ingestacdel (7), sendo, atualmente, uma
das causas mais comuns de doenca hepéatica crbnica.

Sua prevaléncia mundial ainda ndo foi determin@da Estima-se que esteja entre
20% a 30% da populacdo mundial, crescendo alarmente entre a populacdo obesa, na
qual alcanca 75% a 80%. Nos obesos graves (I\N85kg/nf) atinge 90% a 100%85, 86)
mostrando-se, portanto, aumentada de maneiratampey principalmente nos obes83).

Esta predominancia na obesidade se deve ao fata desdicdo clinica acontecer
devido a deposicao de triglicerideos no tecido aatip no qual ao se atingir o limite de
expansao, promove o acumulo ectépico de lipidegsiedanclui o figado, sendo este acumulo
identificado como obesidade viscel@g8). O excesso de adiposidade, particularmente na
regido abdominal (obesidade central), € fortemessociado com DHGNA e RI. Isso
predispde a ocorréncia de hipertensédo arterigdrsisti, dislipidemia e inflamacao, fatores
presentes na chamada SM. A associacao entre éssadas clinicas e o excesso de tecido
adiposo envolvem mecanismos metabdlicos e inflamost(39).

No entanto, alguns trabalhos tém associado a DH@Nmkdrome metabdlica mesmo
em individuos com indice de massa corporal (IMGmab. Em um estudo com individuos

nao diabéticos e com DHGNA, a sindrome metaboktave presente em 18% dos pacientes
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com peso normal para altura e 67% dos obgXdsA relacdo obesidade-DHGNA, portanto,
nao é perfeita. H4A obesos morbidos com histologatica normal e, da mesma forma, ha
pacientes em que ha apenas esteatose, sem obéSitade

O fato é que a obesidade parece nao ser o baptatéevar a doenca. Outros fatores
estdo envolvidos, como a distribuicdo regional deelgra e a inflamacéao do tecido adiposo,
como ja demonstrado em alguns trabalhos que sugeliaframacao intestino-derivada estar
ligada a génese da DHGNA. Medicamentos, cirurgibdominais, toxinas ambientais,
doencas genéticas (92) e alguns padrdes dietétens a deficiéncia de vitamina D e a dieta
de origem animal (93, 94) também acarretam o ded@mento da referida condicao.

Sabe-se que a esteatose hepética € uma condic@maeque representa o estagio
inicial da doenca gordurosa néo alcodlica do figadgual compreende um amplo espectro de
condicbes patologica®5). No entanto, apenas uma pequena parcela dessestgagede
desenvolver estagios mais avancados da doenca, eomsteato-hepatite ndo alcodlica
(NASH), um estado mais grave que pode evoluir plarase e Cirros€96).

Os mecanismos patogénicos indicam que a insulisistémcia, o metabolismo
lipidico anormal e a desregulacao de citocinastailyas estdo profundamente envolvidos no
desenvolvimento da doen¢@7) econduzem a acumulagéo de triglicerideos e acidosg
nos hepatdécitos. Portanto, o teor de gordura hegpétevada e a liberacdo de acidos graxos
livres de adipdcitos disfuncionais resultam em tbpaidade, causada pelo acumulo de
metabolitos toxicos derivados de triglicerideos tnidos ectdpicos (tais como figado,
musculo, células beta pancreaticas) com subseqatwvaeado de vias inflamatorias, disfuncéo
celular e lipoapoptose (98).

Desta maneira, esses mecanismos podem ser fa@mentpreendidos através do
ciclo dos acidos graxos livres (AGL), entre o teciadiposo e o figado, resultando no
aumento da entrada e retencdo de AGL no hepatémt@umento da sintese de AGL no
figado; na beta-oxidacdo insuficiente dos AGL pmfuh¢do mitocondrial; na sintese ou
secrecdo deficiente de VLDL ou na peroxidagéo pieldios na membrana do hepatdcito e
producdo de citocinas atribuidas stiessoxidativo que séo, em parte, responsaveis pela
progressao de esteatose para esteato-hepatit@se¢®9). Qualquer defeito nesse processo
resultara na acumulacao de triglicerideos dentrbeg@tocito, que clinicamente se apresenta
como infiltracdo de gordura do figado (100), o geat4d exposto diretamente tanto as
citocinas e aos acidos graxos livres liberados taeliolo adiposo visceral, quanto aos mesmos
metabolitos liberados sistemicamente pelo tecidpogd de outras regides que alcangcam o

figado de forma ja diluida pela circulacdo sisténiic01), gerando, dessa forma, espécies
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oxidantes reativas (102), responsaveis por caud@ragdes na membrana celular,
determinando a liberacdo de TNFa partir dos hepatocitos, células de Kupfer e Guilips
(103). O TNF-u € sabidamente uma citocina pro-inflamatéria que diaicio ao processo
inflamatorio, o qual culminara com fibrose, e, maisliamente, com desarranjo estrutural do

tecido hepético.

Mormal Esteatose

Figura 7: Histologia Hepatica (104).

Porém, ainda ndo estd compreendido se € o prodesacumulacao de triglicerideos
no hepatdcito que leva a subsequente infiltracdoélidas inflamatorias, caracteristica do
NASH, ou se a resposta inflamatdria observada gadéi € suscitada por outros estimulos
capazes de provocar disfuncdo no hepatdcito, gunduza a esteato$£05). No entanto, ja
foi mostrado que a expressdo mais elevada de TiNEStaria presente em pacientes com
NASH comparativamente com doentes com esteatos&titeesimples, indicando que os
niveis elevados de citocinas estédo relacionadosuwuoemevolucdo pior do quadro, o que foi
confirmado por estudos experimentais que descnevgree a producdo de TNE; induzida
por acidos graxos livres, promove a lipotoxicidadpatica106).

Este processo se inicia com o desenvolvimento dsidéde, que atua como um
estado pro-inflamatério, uma vez que promove o aminede mediadores da fase aguda,
incluindo o fator de necrose tumoral alfa (Th-a interleucina-6 (IL-6) e a inducdo da
inflamacédo por meio do aumento do estresse oxmggrado pela alta ingestdo de glicose e
gordurag107).

O desenvolvimento destas caracteristicas relacasadipotoxicidade do figado pode
ter a participacdo das proteinas de ligacdo ao eslemregulador de esterol do tipo-1
(SREBP-1) conforme estudo prévio (108), no qualdEmonstrado a regulacdo por SREBP-
1c da sintese de &cidos graxos livres e triglieesdem mamiferos. O SREBP-1 tem sua
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atividade regulada positivamente pela ativacdo elmeptor de peroxisoma ativado por

proliferador (PPAR), que, também, regula a obesidad roedores, aumentando a oxidagado
de acidos graxos hepatico e diminuindo os nive@ulintes triglicérides responsaveis pela
hipertrofia das células adiposo e hiperplasia (109)

A regulagcéo positiva de PPAR-por dietas ricas em gordura e em carboidratos
maximiza a esteatose hepatica através da induciaades lipogénicos, que estdo implicados
na sintese dos acidos graxos, provocando lipogé&tes®vo e consequente deposicado de
goticulas lipidicas dentro de hepatocitos.

Assim, PPARs como alvo para tratar DHGNA parece abmdagem frutifera como
agonista de PPAR-aumentando beta-oxidacdo mitocondrial, além dazied lipogénese.
PPAR$ / A melhora a resisténcia a insulina hepatica, dimohwia gliconeogénese hepatica
na fase poés-prandial, enquanto a ativacédo totaPl&aRy pode exercer efeitos nocivos,
estimulando a lipogénese hepética. No entantayacab parcial PPAR-leva a beneficios,
mediada principalmente por aumento da expressacadigonectina e diminuicdo da
resisténcia a insulina. N&o obstante, outros estado necessarios visando abordagens para o
tratamento de DHGNA de seres humanos em todo o opurddo como alvo os PPARs
(110).

E possivel verificar, portanto, que a lipogénesegilada por uma série de fatores,
tais como nutricdo, hormonios, fatores de tran8origuclear e enzimas lipogénicas (111),
sendo que duas delas possuem evidéncias consideeaveer um papel chave na regulacéo
da biossintese de &acidos graxos em tecidos anifasmelhanca do PPAR, o acetil- CoA
carboxilase (ACC) atua como uma enzima limitanteselacidade de lipogénese, e o acido
graxo sintase (FAS) como catalisador da Ultimazetepvia lipogénica (112) (Figura 8).

TGLICOSE E INSULINA
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Figura 8: Via lipogénica no figado, adaptado (113).
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3.6 Antiinflamatorios nao estereoidais - Inibidosetetivos da Ciclooxigenase — 2

Os antiinflamatorios nao esteroidais (AINES) cdostn um grupo heterogéneo de
compostos que apresentam efeitos terapéuticosasgmipara o tratamento da dor, inflamacéo
e febre causada por véarias condi¢cdes fisiologicas patoldgicas, tendo efeitos
antiinflamatdério, analgésico e antipirétitial4).

A atividade dos antiinflamatorios nao esteroidAKNES) se baseia principalmente na
inibicdo da atividade das isoformas da enzima cidgenase (COX). Essas enzimas sao
também conhecidas como sintase de prostaglandina té2n importancia fundamental na
producdo de prostandides como prostaglandinas\ede® no desenvolvimento de quadro
inflamatorio e de dof115), a partir do acido araquidénico (AA) (Figlea Porém, o uso
prolongado dos AINEs pode levar a efeitos colader@mo lesdes gastricas no trato
gastrointestinal superior, no sistema vasculamalé nefrotoxicidadé116) e insuficiéncia
cardiaca congestiva. Os AINEs seletivos para Cgx sz diferenciam pelas baixas taxas de
danos gastrointestinaisd. 17), estandodisponiveis no mercado 0s convencionais e aqueles
seletivos para COX-2, podendo este ultimo ser prat@al ou especifico para COX(218),
ja que os AINEs atuam sobre diferentes isoformasicdexigenasess, sendo duas, as mais
conhecidas: COX-1 e COX-2. Registre-se que deddé&io do presente século ja se estuda
também a COX-3119).

A COX-1 é encontrada constitutivamente expressa/&mos tecidos e exerce papeéis
importantes na protecdo da mucosa gastrica, agregplaquetaria, regulacdo do fluxo
sanguineo renal e na homeostase vas¢Lan. Esta enzima é responsavel pela formacéo dos
prostandides que, em condi¢des fisiologicas, ssmoresaveis pela regulacdo da homeostasia,
cuja concentracdo se encontra normalmente constdPteém, em alguns casos, pequenos
aumentos podem ocorrer em resposta a estimulobgoordnios ou fatores de crescimento
(121).

Por outro lado, a COX-2 é indetectavel na maiods tcidos normais (exceto para o
sistema nervoso central, rins e vesiculas semjmais é induzida por hormonios, fatores de
crescimento e citocinas, apos estimulo inflamat@mo varios tipos celulares desempenhando
um relevante papel fisiologicd21), além de influenciar no desenvolvimento renalresgin
de renina, reproducdo feminina, metabolismo Oss&mtrizacdo de Ulceras e feridas,
inflamacéo, dor e febre, isquemia e promocao tuhjhe).

A COX-3, descrita por Chandrasekharetn al. (2003) (123), pode ser responsavel
pelo mecanismo central da dor e da febre. H4 amelapnstracdo sobre a possibilidade de
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uma quarta forma, a COX-4, cuja real existénciargdo ainda nao foram completamente
demonstradagl24).

As COXs sdo enzimas com dupla funcdo e cada wetes ghossui duas atividades
cataliticas distintas: a de ciclooxigenase e aatexidase. Apesar da semelhanca estrutural
partilhada pelas duas isoformas principais, as C@fésem na regulacdo da sua expressao e
nas atividades que executam na biologia e patoldggtecidos. A COX-2 localiza-se na
membrana nuclear e no reticulo endoplasmatico,amgqua COX-1 apenas nas membranas
do reticulo endoplasmatico. Estas duas enzimas csddicadas por genes diferentes,
localizados em cromossomos diferentes (COX-1 petamassomo 9 e a COX-2 pelo
cromossomo 1)125).

Estas enzimas agem sobre o AA liberado a partihidedlise de fosfolipidios da
membrana plasmatica realizada pela fosfolipasegfg, terd acdo sequencial da sintases de
prostandides, as quais irdo gerar a sintese dagglandinas que pode ser desencadeada por
diversos estimulos fisioldégicos e/ou patoldgicos,qoiais ativam receptores de membrana,
resultando na ativacao da fosfolipase A2 (PLA2)6) Estes prostandides se difundem para
fora da célula e exercem suas acdes em variongepior meio da ativacdo de receptores
especificos. O AA liberado, metabolizado pelas ooikigenases (COXs) produz uma
substancia intermediaria, prostaglandina G2 (PG@2jual rapidamente é convertida em
prostaglandina H2 (PGH2)127), cuja isomerizacdo de PGH2 a PGE2 é catalisada por
sintases especificas existentes em trés isoforrmadoscada uma delas codificada por
diferentes genes: a citosolica (cCPGES), as micnoasoPGES-1 (MPGES-1) e a PGES- 2
(MPGES-2)128).

A mPGES-1 é uma proteina microssomal pertencentsupmerfamilia MAPEG
(proteina associada a membrana envolvida no métatmbe eicosandides e glutationa). Em
condicOes basais a mMPGES-1 € fracamente expressaioda das células e tecidos, sendo
sua expressao regulada por estimulos inflamatdesscomo LPS, IL{1 e TNFa (129).

Curiosamente, muitos estudos tém indicado que eatmda expressdo de mPGES-1
esta fortemente correlacionado com a inducédo de-2@)Xom a producdo de PGE2. Além
disso, MPGES-1 catalisa preferencialmente a sinledeGE2 da COX-2 em vez de PGH2
derivados de COX-1. Portanto, acoplamento funcieméile COX-2 e mPGES-1 parece ser
essencial para a producao de PGE2 durante a irgéan{a30), demonstrando mais uma vez a
forte relacdo da COX-2 neste processo.

No final dos anos 80 do século XX, o aumento deléngias de sérios eventos

gastrointestinais adversos, como perfuragéo, Wéera sangramento gastrointestinais com o
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uso dos AINEs convencionais, levou a um progresdaainio dos mesmos, especialmente
no tratamento da osteoartrite. Porém, apds 19898;udgacdo da nova classe de AINE com
baixa toxicidade gastrointestinal, os inibidoreletbenos de COX-2 (Coxibes) modificaram o
padrdo de recomendacdo de analgesia para o casstemartrite(131), sendo alguns
inibidores de Cicloxigenase-2 (COX-2) do tipo prefeiais (a exemplo do celocoxibe
(Celebra®), do meloxicam, do carprofeno e do nirliésy e outros de uma classe que
compreende os inibidores especificos de COX-2 [comaecoxibe (Vioxx®), o valdecoxibe
(Bextra®), o etoricoxibe (Arcoxia®) e o lumiracorifPrexige®)](132). Frise-se que o
Celecoxibe foi o primeiro inibidor preferencial @OX-2 aprovado para tratar os sinais e

sintomas de processos inflamatori®s3).
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Figura 9: Mecanismo de acao geral dos AINEs (134).

Apesar da vantagem gastrointestinal, esse pegiilreedos AINES inibidores seletivos
da COX-2 veio a deixar duavidas depois que, em 206Qéfecoxibe foi retirado do mercado
devido ao aumentado risco de infarto do miocaftiad).

No entanto, os resultados para celecoxibe sado weopdiferentes. Embora um estudo
tenha encontrado associacéo dos efeitos colataaigvasculares, como infarto, derrame e
insuficiéncia cardiaca, ao prolongado tratamentm @ste farmaco, outro estudo clinico
semelhante - experimental para a prevencao deogdlpgenomatosos espontaneos - néo
encontrou a relacéo citada entre o uso de celeeaxib aumento do risco cardiovascular.

Assim, o FDA permitiu que o celecoxibe permanecassemercado, mas exigiu que o
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medicamento tivesse uma tarja modificada chamandmeacdo para o possivel risco
cardiovascular, assim como os riscos para o tetrgntestinal e para a péli35).

Diante disso, os antiinflamatérios n&o esteroidaisnvencionais ou inibidores
preferenciais ou seletivos COX-2, ainda séo largaenetilizados como analgésicos nas dores
agudas e para o alivio de dores crénicas muscgleeicas e no tratamento das artrites
(136).

Apesar de ser considerado que o principal mecandaenacdo desses medicamentos
se dé pela diminuicdo da producédo das protaglasdi@s), admite-se que atuem também
induzindo a apoptose, ativando os PPAR- PPARy (Peroxisome Proliferator-Activated
Receptors andy) e inibindo a agregacao e a degranulacao de rigogr(il37, 138).

Por outro lado, varios trabalhos mostram a relali@@@€OX-2 em diversas situacdes
patolégicas. Segundo Huamgal. (2012), os acidos graxos aumentam a expressao ¥e2CO
e TNFa em macréfago$139) e o COX-2 parece ser capaz de intervir na de& citocinas
envolvidas na inflamacéo cronica.

Em processos neoplasicos, também € descrito ovemesito das COXs, em especial
a isoforma COX-2, nos carcinomas colorretais, psigadenomatosa familiar, carcinomas de
mama e gastricos, mostrando que niveis elevad@Ode?2 estdo relacionados a proliferacédo
celular, & supresséo da apoptose, a inducdo dagéngise e da metastase, acdes que contam
para a funcdo oncogénica (140), estando o progodstessas neoplasias diretamente
relacionado com a expressdo da COX-2. Da mesmaimraaem gliomas, a superexpressao da
COX-2 esta relacionada com o grau de malignidadglidona e um pior prognéstico dos
pacientes(141), refletindo um possivel efeito terapéutico dasgdso anti-COX-2 no
tratamento do cancer, conforme demonstrado em astpidemioldgicos que relacionam o
uso prolongado de AINE com a reducdo de cancenretdd, mama, pulmao, prostata e
cancer gastric¢l42).

No entanto, ainda n&o foram totalmente elucidadgasi@anismos anti-tumorais, mas
sabe-se que envolvem o blogueio da atividade ndecdiza das enzimas COX-1 e COX-2,
suprimindo a producéo de prostaglandinas e as®tarafo a proliferacdo celular, apoptose,
angiogénese, migracao e metas{dge), ja que a atividade tumoral parece ser desencadead
pelo excesso de producdo de PGE2 decorrente desupraregulacdo da COX124).

Os niveis de COX-2, também foram descritos em s&&iudos sobre obesidade, os
quais encontram-se aumentados na obesidade, cenfasto por Berthowet al (2015), em
uma co-cultura entre adipocitos e macrofagos (188). mesma maneira, camundongos

deficientes em COX-2 apresentaram adiposidade atienuestando associada com o
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recrutamento de macrofagos, infiltragdo reduzidee(8xpressdo aumentada de adiponectina
no tecido adiposo (146). A administragdo oral dex¥, um inibidor seletivo de COX-2,
resultou em desenvolvimento reduzido do tecido aatip associado com uma ingestao
alimentar reduzida e adipécitos menores (147).

Assim, a obesidade modula a expressao das enzueasimfetizam prostaglandinas
(PG) e seus receptores, provavelmente, atravéstatacdes induzidas por adipogénese na
expressao destes transcritos (148).prostaglandina E2 (PGE2) tém emergido como um
potente regulador da inflamacdo e funcdes dos eiiiso em obesos, sendo sintetizada
através das ciclooxigenases, mas as vias de sigadizinflamatérias que controlam a
expressdo de COX-2 e a producédo de PGE2 em adipgmtmanecem mal definidas (149).
Estas proteinas parecem alterar a funcdo do texagmwso, agindo como moduladores da
funcdo de PPAR-(150, 151).

Contrariamente, outro grupo de pesquisadores emeconim aumento de gastos
energéticos sistémicos por inducdo do tecido adipagrron e protecdo contra a obesidade
induzida por dieta rica em gordura em animais rnEexpressao de COX-2 (152). Assim
como em hepatdécitos, a expressao constitutiva d¢-Z8umano (hCOX-2) protege contra a
adiposidade e inflamacéo (153).

Assim, sabendo dos efeitos dos antiinflamatériabidores seletivos da COX-2
associado ao conhecimento das caracteristicagpdisidgicas da sindrome metabdlica
/obesidade e da esteatose hepatica, torna-seaihstigvaliar o possivel efeito do celecoxibe

nestas doencas.
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4 PRODUTOS

4.1 Produto 1: Bnin-angiotensin system is modulated by celecodndipose tissue of obese
mice formatado segundo as normas para publicagcéoritodjm® Life Sciences, em processo
de submisséao.

4.2 Produto 2Celecoxib reduce liver lipogenesis in high-fat feidesformatado segundo as
normas para publicacdo do periodico Digestive arkerlL Diseases, em processo de

submissao.
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ABSTRACT

The renin-angiotensin system (RAS) is a key coutnily factor to obesity and related
diseases. Several studies also have shown thenslaip of obesity with cyclooxygenase -2.
Based on these facts, this study aimed to investithee effect of the oral administration of
celecoxib, an anti-inflammatory selective inhibitof cyclooxygenase-2 (ICOX-2), on the
epididymal adipose tissue in mice with obesity icetli by high-fat diet through the
modulation of the renin-angiotensin system comptsamd inflammatory markers. Mice
male FVB / N were divided in 3 groups were fed wiltle following experimental diets:
standard with first (ST); the second high-fat didfD), both for four months; and third,
which was fed HFD during four months, and treatéth WOX-2 inhibitor (HFD + ICOX) for
two months at a dosage of 100 mg / kg body weighey evaluated the body weight and
food intake. Blood parameters (glucose tolerancesulin sensitivity, High Density
Lipoprotein-C, total cholesterol, glucose, and Iygride levels) were also assessed. Real-
time PCR was performed in epididymal adipose tissaraples to analyze the expression of
angiotensinogen (AGT), angiotensin-converting emzy(ACE), Interleukin-6 (IL-6) and
tumor necrosis factou- (TNF-o). The main findings of the study proposes thata®tib
treatment results in weight loss in obese animats r@duce food consumption. This work
shows decreased expression levels of AGT, ECA, &N#d IL-6 in the group receiving
treatment (HFD+ICOX), still decreasing triglycerddand glucose. In conclusion, ICOX-2
may exhibit therapeutic potential in metabolic syimde/obesity through the mechanisms of

action on the renin-angiotensin system and comgsr@nnflammation.

Keywords. renin-angiotensin system, cyclooxygenase-2, nooisk@r anti-inflammatory

drug, obesity, interleukin-6, metabolic disorder.
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Introduction

In obesity, the components of the renin-angiotesgstem (RAS) have their production
exacerbated by the adipocytes, affecting the systeRAS and generating other
consequences. Evidences demonstrate that genesatesgavith the RAS are overexpressed
in the visceral adipose tissue of overweight husw#jectq1).

In addition, as the adipose tissue inflammatioreliated to insulin resistance, it is possible
to suggest that the over expression of the RAS ommqts, specifically in the adipose tissue,
is associated with obesity and insulin resistagge (

Several papers describe the low-grade pro-inflarargadtate as the pathogenesis of
obesity 8, 4). There is evidence of a strong association betwessue arachidonic acid
levels, precursor of several inflammatory medigtarsl the prevalence of obesity in humans
(5-7).

The arachidonic acid is the substrate for enzymelooxygenase (COX) which
corresponds to a class of enzymes with two maifoiists: COX-1, which is produced in a
constitutive manner and associated, in most cag#ds physiological functions, and COX-2,
which is normally associated with pathological atinds. Their byproducts are involved in
the perception of pain and inflammatid@). (

Yet, the expansion of the white adipose tissue (WAflimulates the secretion of
several proinflammatory cytokines such as TiNBnd IL-18 due to the tissue inflammation
and consequent macrophage infiltratiof). ( Furthermore, the production of various
inflammatory mediators to obesity related disordesase cyclooxygenase 2 as an important
enzyme involved in this proces§0(11).

Thus, the present study was conducted to investify@ effect of a selective inhibitor
of COX-2, celecoxib, in the expression renin-angisin system components and

inflammatory markers.
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M aterials and methods

Animals and experimental diets

Twenty-two FVB\N male mice, aged 8 weeks, were divided into 3 grdabps were
fed with the following experimental diets: Standaliét (ST) and high-fat diet (HFD) in a
period of 180 days. The third group was fed forrfovonths HFD and treated with COX-2
inhibitor (DH + ICOX) orally for two months at a dage of 100 mg / kg body weight, which
were mixed with the diefThe mice were housed in individual cages, under ligt-dark
cycle (lights on from 7:00 to 19:00 h) and at a penature of 25.0 £ 2.0°C. Food and water
were givenad libitum This study was approved by the Ethics Commitfeeéxperimentation

and Animal Welfare of Unimontes, Montes Claros,Adrdy the process n°® 022/2012.

Diets

The high-fat diet, composed of 39.0% carbohydra#®0% protein and 44.0% fat,
representing a total of 4.27 kcal per 1 g of dveas prepared according to the protocols
previously reportedl). Standard diet (Purina — Labina®), which was ufsedhe regular
maintenance of our mice, was composed of 50.3%obgdrate, 41.9% protein and 7.8% fat,
representing a total of 2.18 kcal per 1g of diS).(All of the high-fat diet components were
purchased from Rhoster® LTDA (Sao Paulo, Sdo Pa&irkxil).

The experimental groups were: ST, HFD and HFD+ICOMKe first group received
standard diet (ST) and the second group was fdd higgh-fat diet (HFD) alone for 16 weeks.
The third group of mice was fed with high-fat destd treated with selective COX — 2
inhibitors (Celebra®) (HFD+ICOX) at a dosage of afiflkg of body weight, for 8 weeks

(the dosage was corrected every week accordingthatlanimals body weight).
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Not added the group with standard diet and celécbrcause of previous studies do
not show differences in this group compared togttoeip that received standard diet orfli4,
15).

Measurements of body weight, food intake and tissllection

The food intake was measured twice per week duitiegtreatment to obtain food
efficiency (food intake/body weight). Overnight fad mice were killed by decapitation and
samples of blood and epididymal, retroperitoneasemteric white adipose tissue and brown
adipose tissue were collected, weighed and immelglitozen in dry ice and stored at =80

for subsequent analysis.

Glucose tolerance and insulin sensitivity tests

For the glucose tolerance test, d—glucose (2 mgdy bveight) was intraperitoneally
injected into overnight fasted mice. Glucose levem tail blood samples were monitored at
0, 15, 30, 60, and 120 min after injection using Accu-Check glucometer (Roche
Diagnostics ® , Indianapolis, USA).

The insulin sensitivity test was performed on ogii:fed mice, after intraperitoneal
injection of Insulin (0.75 units/kg body weight;ggia—Aldrich ®, St. Louis, USA). Tail
blood samples were taken at 0, 15, 30, and 60 ften iajection for measurement of blood

glucose level.

Determination of plasma parameters
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Blood samples were centrifuged (3.200 rpm for 18)mand the serum was separated
for the determination of triglycerides, HDL, andalocholesterol, by enzymatic tests (Wiener

Lab, Argentina).

Reverse transcription and real-time PCR

The total RNA from the tissue samples was extthagng Trizol reagent (Invitrogen
Corp. VR, San Diego, CA, USA) and treated with D¥¢AReverse transcription was carried
out with M-MLV (Invitrogen Corp. VR ) using randorhexamer primers. The gene
expression levels were determined by Real Time PEWBR Green reagent) in Step One
Plus equipment (Applied Biosystems-EUA).

Gene expression was normalized to the reference G&PDH (FW: 5’AAC GAC
CCC TTC ATT GAC CTC 3; RV: 5 CTT CCC ATT CTC GGCTT GAC 3’). The genes
of interest and respective primers were: TWNFFW: 5 CAT CTT CTC AAA ATT CGA
GTG ACA A3, RV: 5 TGG GAG TAG ACA AGG TACAACCC 3, IL-6 (FW:5 TTG
GGA GTG GTATCC TCT GTG 3’; RV: 5 TTC CAT CCA GTGCC TTC TTG 3’), AGT
(FW: 5’GAC GTG ACC CTG AGC AGT CC 3’ RV: 5 TGA GT CCG CTC GTA GAT
GG 3’) and ACE (FW: 5 CTC AGC CTG GGA CTT CTA CAS8 3’; RV: 5’CTC CAT
GTT CAC AGA GGT ACACT 3).

The relative comparative CT method of Livak andr8ittyen was applied to compare
gene expression levels between groups. Normalizaifothe target genes to the reference
gene was performed using the “2" method, whereAACt = (Cr target— Cr referenc) treated

sample — (€target— G referencd Untreated sampl@6).

Statistical analysis
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Data are expressed as the mean £ SEM. The stalistgnificance of differences in
mean values between mice groups was assessed fwyagn®NOVA followed by Bonferroni
post-test.

Data from the insulin sensitivity and glucose talere tests were evaluated by two-
way ANOVA; the other parameters were analyzed by-way ANOVA. Statistical
differences, considered at an error probabilitY @1 and 0.05, were contrasted by student’s

t-test.

Results

ICOX-2 treatment lowered fat deposition in micevieth HFD

Analysis of the animals weight indicated that theup HFD+ICOX had a significant
increased weight loss (28.92¢).50) when compared to the HFD-fed group (30.839.57)
However, no difference between the HFD and HFD+IC®ken compared to the control
group was found (29.82g0.47) (Fig. 1A).

Regarding the food intake average (per body weigtite animals fed with
HFD+ICOX had a significantly lower food intake wheampared to the ST and HFD groups.

The epididymal white adipose tissue mass was stgifly higher in HFD-fed group
(2.039 mg = 0.39), when compared to the ST (0.4Zn0gl2), while the HFD+ICOX group
showed the lowest epididymal white adipose tissass (0.4320 mg £ 0.36) (Fig. 1B). The
retroperitoneal (Fig. 1C) and mesenteric (Fig. Mjite adipose tissue mass were also
significantly affected by the treatments. Concegnihe retroperitoneal tissue, the HFD-fed
group (0.44mg = 0.09) showed a higher value whenpaoed to the ST (0.19mg = 0.02) and
HFD+ICOX groups (0.11mg * 0.05). The mesenterisugshad a higher mass in the HFD
group (0.58mg = 0.14), when compared to the ST8(@d.+ 0.02) and HFD+ICOX (0.11mg
+ 0.04) groups. Moreover, the brown adipose tishweved a higher mass value in the HFD-
fed group (0.25 mg = 0.01) in comparison to the HEIDX group (0.12mg + 0.03) (Fig.
1E).
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Fig. 1. Effect of the chronic administration of ICOX-2 fat deposition in mice-fed standard
(ST), high-fat diet (HFD), HFD plus cyclooxygenas#ibitor (HFD+ICOX). (A) Body
weight (g) (B) epididymal adipose tissugC) retroperitoneal adipose tiss@P) mesenteric

adipose tissu€E) brown adipose tissuep < 0.05 (one-way ANOVA).

ICOX-2 treatment changed blood parameters in medewith HFD
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Mice from theHFD-fed grouphad significantly higher glucose levels (168.812.7,
in mg/dL) when compared t8T (115.5mg/dL £17.1) and HFD+ICOX grouf4.0mg/dL
+ 24.8) (Fig. 2A).

In addition, the levels of triglyceride were higheitheST group(139.4 + 37.5, in mg/
dL) when compared to the HFD+ICOX (85.0 + 6.1) (R2€), but similar tahe HFD group
(132.5mg/dL = 18.9). The levels of total choleste(d72.5mg/dL + 30.5) and HDL-c
(111.4mg/dL + 19.4) were highan the HFD+ICOX groupvhen compared to the ST group
(143.3mg/dL £ 12.0; 83.2mg/dL * 8.8Fig. 2B e 2D). The total cholesterol was highrethie
group treated with celecoxib reason for the higiele of HDL in this group.
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Fig. 2. Blood parameters of mice-fed standard (ST), haghdiet (HFD), HFD plus
cyclooxygenase inhibitofHFD-ICOX). (A) Glucose (mg/dL)B) Total cholesterol (mg/dL)
(C) Triglycerides (mg/dL)D) HDL cholesterol (mg/dL)-p < 0.05; **p < 0.01 (one-way ANOVA).

ICOX-2 treatment improves insulin sensitivity atacgse tolerance in mice fed HFD

The glucose levels assessed during the insulinitsétys (Fig. 3A) and glucose

tolerance tests were significantly different betwélge groups. For the insulin sensitivity test,
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the glucose levels were higher in the HFD (12643111) when compared to the ST (8409 +
554.5) and also the HFD+ICOX group (7100 + 1259)diionally, the glucose levels were
shown in the area under the curve and also in gkitolerance test (Fig. 3B) to be higher in
the HFD group (35411 + 3014) when compared to th€2%444 + 2339) and HFD+ICOX
(30853 + 2077) groups. While the levels were higineHFD+ICOX (30853+ 2077) when
compared to ST (26444 + 2339).
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Fig. 3. Insulin sensitivity and glucose tolerance testsine-fed standard (ST), high-fat diet
(HFD) and HFD plus cyclooxygenase inhibitdFD-ICOX). (A) Insulin sensitivity test
(mg/dL) (B) Glucose tolerance test (mgidtp < 0.05; **p< 0.01(Two-way ANOVA).

ICOX-2 treatment can modify inflammatory respomskliFD fed mice

The real-time PCR analysis, evidenced that theesgion of TNFa in the epididymal
adipose tissue show significant differences betwbergroups analyzed (Fig. 4A), it is higher
in the HFD group (2.44+0.45) when compared to STOQ#0.00) and HFD+ICOX
(0.46+0.02) groups. On the other hand, the exprasef interleukin 6 was lower in the

HFD+ICOX group (0.48+0.05) when compared to theugréed standard (1.00+£0.00) high-fat
diet (1.33+0.16) (Fig. 4B).
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Fig. 4. Expression of components of the inflammatory systeepididymal adipose tissue of
mice-fed standard (ST), high fat diet (HFD), HFDuglcyclooxygenase inhibitaiHFD-
ICOX). (A) Tumor necrosis factor - alpha (TN&r mRNA expressioriB) Interleukin-6 (IL-
6) MRNA expressiortp < 0.05; **p < 0.01; ***p < 0.001 (one-way ANOVA

ICOX-2 treatment modulates the renin-angiotenssiesy in HFD fed mice

The mRNA expression of AGT was significantly highemHHFD (2.67 + 1.22) when
compared to ST (1.00) andFD-ICOX (0.89 = 0.59)Fig. 5A). The expression of ACE was
higher inHFD (2.47 + 0.21) in comparison t8FD-ICOX (1.22 £ 1.00) and ST (1.00£0.00)
(Fig. 5B).
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Fig. 5. Expression of components of the renin-angioterssistem in epididymal adipose
tissue of mice-fed standard (ST), high-fat diet [BFHFD plus cyclooxygenase inhibitor
(HFD-ICOX). (A) Angiotensinogen (AGT]B) Angiotensin-converting enzyme (ACE). <
0.05; ** p < 0.01 (one-way ANOVA).

Discussion
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The main findings of this study show that the tmeatt with an anti-inflammatory
selective inhibitor of cyclooxygenase II, IHFD fed mice modulates RAS expression in
adipose tissue, reversing various parameters ohbukt syndrome. Therefore, one of the
anti-obesity effects of Celebra® may be mediateduph the levels of interleukin 6 (IL-6),
TNF-a, Agt and ACE, as described below.

As shown in previous studies, it is observed thanges in adipose tissue could
regulate the RAS. ACE may be a modulator of theylsotksponse to high-fat diet (HFD)
(17). It is known that high-fat diet increases the deletes enzyme ACE12), which is
consistent with our findings that showed an incedasxpression of ACE in the HFD group
when compared to ST and HFD+ICOX reinforcing the-joflammatory effects of this diet.

In addition, our results showed significant difieces in the mRNA levels of Agt and
ACE gene among groups, since the expression levélgt in the white adipose tissue were
higher in the HFD group and reduced in HFD+ICOXugrosimilar to the ST group.

These data are consistent with those found by ldlapaet al, who found data
associating the Agt gene in the process of lipidatmalism in adipocyte2] and that whole
Agt body deficiency leads to a lean phenotype wigamnanifested with a decrease in fat mass
and the engagement of the weight gain induced gily-fat diet in rodentsl, 19).

Other studies show that the adipose tissue-secr&tgd induces obesity and an
associated inflammation, a major factor for thehpgéenesis of metabolic disorders, and
therefore is a potential target for obesity reded0-22, suggesting a pivotal role of the
RAS in obesity.

As in the study by Andradet al. (2014) that shows that an increase in Ang- (1-7)
levels at the beginning of the current treatmeet dias a protective effect against the pro-
inflammatory state of adipose tissue in overweigbuse induced by HFDOL®). In addition,
transgenic ratexpressing an Ang-(1-showed a decrease in body weight, COX-2 andfiL-1
expression in abdominal fat and increasing levels@L cholesterol 23).

Lim et al. (2015) had demonstrated that COX-2 is induced mbiyammatory
stimulation(23-25).

In the present work, ICOX-2 treatment improved bagayght loss in obese mice after
being fed with high-fat diet (HFD), justified byehhigh dietary fat content and the greater
amount of calories in comparison to the standaet di

In our study, the treatment with the aforementionaati-inflammatory drug
(Celecoxib) was able to lower the adipose tissussn@ the epididymal, retroperitoneal,

mesenteric and brown adipose tissue compared tdkBegroup.
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Hsiehet al. (2010) demonstrated that the inhibition of the C®Xctivation in rats
with obesity induced by high-fat diet may be respbie for alleviating the inflammation in
visceral and subcutaneous adipose tis&(ke (

Analyzing the lipid parameters, the triglyceridedis were higher in the HFD group,
but when there was the addition of the COX2 inbihia decrease was observed in the levels
of triglycerides. This occurs because HFD is rinhhigh saturated fat, which is directly
associated with increased triglyceride levels.

In addition, we demonstrated that fat-rich dieeef$ the serum lipid profile of mice,
reducing the expression of HDL-C, which was rewkig the treatment with the ICOX that
increased the HDL-C levels and decreased the tegige levels.

The levels of total cholesterol were found to b&doin the HFD group and increased
in the HFD+ICOX2 group, which does not corroboratigh the findings reported in the
literature, as observed in a study where Vioxx ausination, another
selective cyclooxygenase-2 inhibitor, resulted iecréased levels of HDL and total
cholesterol (26).

The insulin sensitivity and glucose tolerance tedtewed us to observe reduced
circulating glucose levels in the HFD+ICOX groughiah were similar to the glucose levels
found in the ST group.

Other studies show the indirect suppression of teussulin resistanee, by decreasing
systemic oxidative stress generated by COX-2 irenwith obesity induced by high-fat diet
after inhibition of COX-2(27) Still another recent study suggested that cycloergge
(COX) 2-mediated inflammation imdipose tissue could be heavily involved in insulin
resistance associated with obesity and fatty [{28), and visceral fat ignited in response to
COX-2 activation, significantly deteriorated thenpeeaticp-cell function in obesity48-31).

In obesity, the adipose tissue has been describgdesent an inflammation of low
intensity along with increased secretion of cytekin32-34. It has been demonstrated in
various types of cells, being able to stimulate C®D&xpression, particularly in obese patients
(35-37) and to inhibit the secretion of insulin fromurine islets promoters, and lines of
insulin secreting cells (6, 21, 33).

Furthermore, this work shows that the inhibition @OX2 decreases the mRNA
expression of the tumor necrosis factor (T&Fand interlekin-6 (IL 6), in epididymal adipose
tissue, when compared to the groups fed a diet stéhdard and high-fat diet without ICOX
treatment.
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Several studies reported that TMFand IL- 6 are increased in obesity and this
increase is correlated with numerous metabolicrdess 38-40.

In this study we observed that the high-fat diedoiates the inflammatory and RAS
profiles in adipose tissue pointing to a strondipigmation of RAS in related obesity diseases.
Our study also highlights that the anti-inflammgtarclooxygenase type 2 inhibitor alters
these systems producing a reduction in body welgbyd glucose and triglycerides levels,
which indicates a strong potential of this drugthe prevention or treatment of metabolic

syndrome/obesity.

Conclusion

Concerning the mechanisms involved in the prevantiba proinflammatory profile
and the improvement of metabolism in mice, degpiéedeleterious stimulus of high-fat diet,
we hypothesize that decreased proinflammatory pretén adipose tissue induced by
selective inhibitor cycloxygenase type 2, celecpxsbable to improve metabolism, through

the modulation of the renin-angiotensin system.
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4.2 PRODUTO 2
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ABSTRACT

Non-alcoholic fatty liver disease is a lipid accuation (mainly as triglyceride) in the hepatic
tissue. The aim of this study was to investigaeertile of celecoxib on hepatic triacylglycerol
metabolism in non-alcoholic fatty liver and to ex@ the potential mechanism through
expression of yours liver markers in mice treatath\wa high-fat diet. Males FVB/N mice
were divided into 3 groups that were fed with expental diets, standard and high-fat diet,
for 180 days. The third group was treated with Heghdiet for 120 days and treated with
cyclooxygenase-2 inhibitor for two months at a dos&00mg / kg of body weight. The body
weight, food intake, blood parameters and livetdhigyy were analyzed. Expression of ACC,
PPARy, FAS, SREBP-1 ¢ was evaluated by quantitative-tiesd reverse transcriptase. The
main finding of the present study proposes thagamlib treatment results in weight loss in
obese animals, reduced food consumption and dectdeglycerides. The analyses of liver
adipogenesis related genes indicated that ACC, &KXESREBP1-c mRNA expression were
significantly suppressed in high fat diet + cyclgg&nase-2 inhibitor mice. In conclusion, we
observed that celecoxib improved lipid metaboliaml a@ecreased fat deposition in liver of
mice with obesity-inducible diets.

Keywords: Nonsteroidal anti-inflammatory drug. Obesity. Cyotggenase-2. Fatty Liver.
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1. Introduction

Obesity is described as a major risk factor fonalocoholic fatty liver disease
(NAFLD), a disease spectrum that includes hepdgatssis, steatohepatitis, fibrosis, and
liver cirrhosis[1,2].

Nonalcoholic fatty liver disease (NAFLD) is onetbe most common manifestations
of chronic liver disorders worldwide [3]. NAFLD regsents a continuum of hepatic injuries,
which progress from simple hepatic steatosis toalummolic steatohepatitis, with some
people even ultimately progressing to fibrosis;hosis, and liver failure [4]. The mechanism
leading to non-alcoholic fatty liver disease remsaimclear. Actually, fatty liver disease is
considered the most prevalent form of hepatostsagssociated with obesity and metabolic
syndrome [5].

Elevated insulin also leads to activation of thgdibiosynthetic pathway through
activation of the expression and proteolytic métara of the transcription factor sterol
regulatory element binding protein 1c (SREBP-1d) f&ereby leading to the increased
expression of fatty acid synthase (FAS) and adgbA carboxylase (ACC) in the lipogenesis
pathway, resulting in steatosis [7].

Several genes associated with lipid metabolism pigyortant roles in regulation of
lipogenesis-associated transcription fator [8],hsas SREBP1, FAS, ACC and PPARthis
last one selectively induces expression of seatiglogenic proteins [9].

The cyclooxygenase (COX) inhibitors are widely useatldwide. COX corresponds
to a class of enzymes with two main isoforms: COis-firoduced in a constitutive manner, is
associated, in most cases, the physiological fanstiand COX-2 is normally associated with
pathological conditions. Their byproducts involvad the perception of pain and

inflammation [10]. Celecoxib is a non-steroidalimnfitammatory drug (NSAID) and a highly
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selective inhibitor of cyclo-oxygenase-2 (COX-2)hieh is a rate-limiting enzyme in the
prostaglandin synthesis pathway [11], but the doution of celecoxib in the liver steatosis
via lipolysis/lipogenesis remains inconclusive.

Thus, the present study aimed to investigate whetledecoxib treatment could
improve NAFLD, and we explored the possible mecérasi associated with lipogenesis. A
deeper understanding of the role of celecoxib inluating the biological markers of NAFLD

will substantiate its potential as a therapeutididate.

2. Materialsand methods

2.1. Animals

Twenty-two FVB\N male mice, aged 8 weeks, were divided into 3 grabps were
fed with the following experimental diets: Standakidt (ST) and high-fat diet (HFD) in a
period of 180 days. Thhird group was fed HFD during four months, ancitee with COX-
2 inhibitor (HFD + ICOX) for two months at a dosagfel00 mg / kg body weighi.he mice
were housed in individual cages, under 12h lighkdaycle (lights on from 7:00 to 19:00 h)
and at a temperature of 25.0 + 2.0°C. Food andrwaees givenad libitum This study was
approved by the Ethics Committee of Experimentataod Animal Welfare of Unimontes,

Montes Claros, Brazil, by the process n® 022/2012.

2.2. Diets

The high-fat diet, composed of 39.0% carbohydra#®0% protein and 44.0% fat,

representing a total of 4.27 kcal per 1 g of dwhs prepared according to the protocols
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previously reported [12]. Standard diet (Purinaabiba®), which was used for the regular
maintenance of our mice, was composed of 50.3%obgdrate, 41.9% protein and 7.8% fat,
representing a total of 2.18 kcal per 1g of di&][Rll of the high-fat diet components were
purchased from Rhoster® LTDA (Séao Paulo, Sao Pa&rkil).

The experimental groups were: ST (n=9), HFD (n=) HFD+ICOX (n=6).The first
group received standard diet (ST) and the secoadpgwas fed with high-fat diet (HFD)
alone for 24 weeksThe third group of mice was fed with high-fat diéor 16 weeks and
treated with selective COX — 2 inhibitors (Celebyg®FD+ICOX) at a dosage of 100mg/kg
of body weight, for 8 week@he dosage was corrected every week accordirgtivgt animals
body weight).

Not added the group with standard diet and celécbrcause of previous studies do
not show differences in this group compared to gheup that received standard diet only

[14,15]

2.3. Measurements of body weight, food intake esdé collection

The mice were individually housed and the foodkatavas measured twice per week

during the treatment to obtain food efficiency @omtake/body weight). Overnight fasted

mice were killed by decapitation and samples obdland liver were collected, weighed and

immediately frozen in dry ice and stored at —80for subsequent analysis.

2.4. Determination of plasma parameters

Blood samples were centrifuged (3.200 rpm for 1@)mand the serum was separated

for the determination of triglycerides and HDL, &yzymatic tests (Wiener Lab, Argentina).
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2.5. Reverse transcription and real-time PCR

The tissues were prepared in Trizol reagent (loggén Corp. VR, San Diego, CA,
USA) and treated with DNAse. Reverse transcriptwwas carried out with M-MLV
(Invitrogen Corp.VR) using random hexamer primé@rse endogenous glyceraldehydes-3-
phosphate dehydrogenase (GAPDH) (internal contratetyl-CoA carboxylase (ACC),
peroxisome proliferator-activated receptor (PPAR-sterol regulatory element-binding
protein-1c (SREBP-1 c) and fatty acid synthase (FASRNA were determined by
quantitative real-time reverse transcriptase PCRT(RCR) using SYBR Green reagent
(Applied Biosystems, Grand Island, NY, USA) in St@mne Plus equipment (Applied
Biosystems-EUA).

Gene expression was normalized to the endogenol*DEINFW:5’AAC GAC CCC
TTC ATT GAC CTC 3’; RV: 5°CTT CCC ATT CTC GGC CTT &C 3’). The genes of
interest and respective primers were: PPARFW:5'TTA TGG GTG AAA CTC TGG G
3’; RV: 5CAA CCA TTG GGT CAG CTC 3’), ACC (FW: 53AA CAT CCC CAC GCT
AAA CAG A 3’; RV: 5°CTG ACA AGG TGG CGT GAA GG 3),SREBP1-c (FW: 5TGC
GTG GTT TCC AAC ATG AC 3’; RV: 5'CCT CAT GTA GGA AR CCC TCC TCATA
3’) and FAS (FW: 5’CAT CCT AGG CAT CCG AGA CCT RV: 5’ATC GTG TTC TCG
TTC CAG GAT C 3).

The relative comparative CT method of Livak andr8ittyen was applied to compare
gene expression levels between groups. Normalizaifothe target genes to the reference
gene was performed using the *2™ method, wherdAACt = (Cr target— Cr referenc) treated

sample — (@target— Cr referency UNtreated samp[éo6].

2.6. Hematoxylin and eosin staining
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Liver samples were fixed in formaldehyde solutid®%) and embedded in paraffin
serially sectioned at 5 mm, stained with hematoxgind eosin (HE), and evaluated under a
conventional light microscope using an Olympus BXbigroscope (Tokyo, Japan). Images
of fat tissue areas (10 ocular and 40 objectivedshwere captured with Evolution LC color

light camera (Media Cybernetics, Rockville, MD, USA

2.7. Statistical analysis

All data were transferred to GraphPad Prism softw@version 5.0, GraphPad
Software Inc., San Diego, CA, USA) and analyzedwitnfidence 95% (P < 0.05). Data are
expressed as the mean + SD. The statistical signife of differences in mean values among

mice groups was assessed by one-way ANOVA folloleBonferroni post-test.

3. Results

3.1. ICOX-2 treatment lowered food intake and wegghn in mice fed with the HF diet

During the experiments, analysis of the animalghtindicated that animals of the
group receiving treatment with drugs inhibitory @fclooxygenase (ICOX) had significant
weight loss (28.92g + 0.50) compared to the HF¢exlip (30.83g + 0.57). But no difference
between these and control group (29.82g + 0.47) (FA).

Food intake average (per body weight) (Fig. 1B) Wwager significantly in the group
of animals fed high-fat diet and treated with cypaiggenase inhibitor when compared with

both groups (mice-fed standard (ST) and HF-fedigneithout treatment).
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3.2. ICOX-2 treatment changed blood parametersigerfed with the HF diet

Triglyceride levels were higher in ST group (139.37.5, in mg/ dL) when compared
to the group fed HFD and treated with cyclooxygeniahibitor (85.0 + 6.1) (Fig. 2A), but
was similar to the group fed high-fat diet (132dddb + 18.9). Levels HDL-c (111.4mg/dL
+ 19.4) was higher the group fed high-fat diet arehted with cyclooxygenase inhibitor

when compared to the ST group (83.2mg/dL * 8.8).(EB).

3.3. ICOX-2 treatment lowered fat deposition arghgisis in mice fed with the HF diet

Analysis indicated that the HFD + ICOX group hadudstantial decrease in the total
liver weight in relation to HFD mice (Fig. 3A).

The liver histologic examinations in mice fed th€MHindicated prominent steatosis
(Figura 3B). Hence, we performed a histologic asialyo examine the effect of celecoxib on
the development of fatty liver. Large hepatic ligiicplets were diffusely present in the livers

of the HFD group mice compared with the other gso(ipg. 3B).

3.4. ICOX-2 treatment can modify adipogenesis icenfed with the HF diet

In real-time PCR analysis, mMRNA expression of agegwesis-related genes indicated
that ACC (ST: 1.19 £ 0.61; HFD: 4.93 = 0.24; HFOGOX: 0.73 £ 0.34), SREBP-1 c (ST:
1.01 £ 0.01; HFD: 4.76 = 0.22; HFD + ICOX: 1.57 8B) and FAS (ST: 1.00 = 0.00; HFD:
1.22 + 0.16; HFD + ICOX: 0.57 + 0.18) mRNA expiiessin the liver was significantly
suppressed in HFD + ICOX (Fig. 4 A, C and D) whempared to HFD. However, the

difference was not significant in the expressiorP&fARy (ST: 1.00 = 0.00; HFD: 2.19 +
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0.50; HFD + ICOX: 1.60 + 0.18) in the treated gragmpared to the HFD, there is only one

difference between groups ST and HFD (Fig. 4B).

4. Discussion

Liver is a complex and important organ and playseasential role on lipid and
glucose metabolic regulation [17].

Non-alcoholic fatty liver disease is an inflammatiaf the liver that is currently highly
relevant because of its strong association witkaties such as obesity and type-2 diabetes
mellitus [18].

We observed an important reduction in fat mas®r liveight, and hepatic steatosis
associated with decreased circulating triglycerad®w increase of HDL; improved lipid
metabolism; and decreased expression lipogenegikersa All of these effects of hepatic
diseases were attenuated after treatment with@algca COX-2 inhibitor.

In this context, recent studies suggested that QO&&pression protects against
obesity by an increase in thermogenic activity [2Mpreover, this effect has been attributed
principally to COX-2—derived PGH20].

The present study shows that the administratioretdcoxib in mice fed with high fat
diet induced neuroendocrine obesity, which wereoragranied by hepatic steatosis. These
results are in agreement with the data obtaingulaxious studies [21-23].

Other previous studies show that prolonged lowedmsecoxib treatment with
ethanol enhances alcohol-induced steatosis andifilammatory reactions above that from
ethanol or celecoxib alone, suggesting that redoctiin PGE(2) by treatment

with celecoxib removes the endogenous protectifiexedf this prostaglandin. [23].
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Moreover, studies have revealed that COX-2 actwain fat inflammation is crucial
to the development of insulin resistance and fawgr in high-fat-induced obese rats [24].
And that, the COX-2 inhibition (celecoxib) attenemtcardiovascular, liver steatosis and
inflammatory aspects in monosodium glutamate-indwsigese rats [25].

Other work has demonstrated that constitutive esgpoe of COX-2 in hepatocytes
protects against steatosis, adiposity, inflammatiand hepatic IR in mice under HFD,
implicating the lack of COX-2 expression under thescumstances as a novel key player in
the development of obesity-associated metabolitudgsion. Furthermore, pharmacological
inhibition of COX-2 reverts to the situation [26].

Several studies have documented the possible roldeoreased liver fatty acid
oxidation in the development and diet-induced diesilargely caused by disorders of fat
metabolism, resulting in a massive accumulatiorfabfin several tissues [27]. Lipid and
energy metabolism are regulated by a complex né&twedrsignaling processes, and we,

therefore, investigated mRNA expression of key gergulating lipid metabolism [28].

The hepatic release of triacylglycerol to the bktoglam, fatty acid oxidation, and de
novo lipogenesis are three key metabolic pathwdngd tontrol hepatic triacylglycerol

metabolism. They play a crucial role in the develept of liver steatosis.

Additionally, we showed a inhibition of the lipogerpathway- ACC/FAS/ SREBP-
1lc/ PPARy, through mediators in the liver of obese mice,oesded with celecoxib
treatment.

A possible explanation would be decreased levelsnBINA expression in genes
encoding lipogenic proteins, such as SREBP-1c. lipogenic transcription factor, SREBP-
1c, plays a crucial role in regulating fatty acihthesis, and SREBP-1c—responsive major
genes encode a rate-limiting enzyme in de novy fatid biosynthesis [29]. SREBP-1c is

activator of the complete program of cholesteral ity acid synthesis in the liver [30].
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Thus, celecoxib can have an effect on de novo é&pegis and lipid metabolism in
liver, as the results published by Hseaghal. [24,31].

It has been shown that the high-fat diet promotpdgkenesis and lipid storage by
upregulating the lipid synthesis genes, such as AEARS, SCD1, LXR, and ChREPB],
important for fatty acid uptake, transport, andabetism in the liver [32].

PPARy is a nuclear receptor central to glucose and limdheostasis [33] and is
upregulated in the liver of obese patients with MBErepresenting an additional reinforcing
lipogenic mechanism to SREBP-1 c induction in teeallopment of hepatic steatosis [34].

In conclusion, the present study indicates thaattnent with celecoxib offers a
protective effect against the pro-inflammatory msge profile in the liver and improves lipid

metabolism in high-fat—fed mice, decreasing lipages
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Figurelegends

Fig. 1. Effect of chronic administration of ICOX on bodight and food intake in mice-fed
standard (ST), high fat diet (HFD), HFD plus cyclggenase inhibitor (HFD+ICOX)A)

Body weight (gXB) Triglycerides (mg/dL). *p < 0.05; **p < 0.01 (one-way ANOVA).

Fig. 2. Hepatic parameters. Liver sample of mice-fed saeshdST), high fat diet (HFD), HFD
plus cyclooxygenase inhibitor (HFD-ICOXA) Liver total weight (g/100 g body weight})
Lipid droplet(C) Hematoxylin and eosin (HE) staining. Scale barps 40x.* p < 0.05; **p <

0.01 (one-way ANOVA).

Fig. 3. Analyses of mMRNA expression of lipogenesis markgrgRT to PCR in liver of mice-
fed standard (ST), high fat diet (HFD), HFD pluglopxygenase inhibitor (HFD-ICOXJA)

ACC (B) PPAR-y (C) SREBP-1 ¢D) FAS.*p < 0.05; *p < 0.01 (one-way ANOVA).
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Fig. 3
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5 CONSIDERACOES FINAIS

Nos ultimos anos, a obesidade/sindrome metabdlecaesteatose hepatica tem
emergido como um problema de saude publica dedretéy e em plena expansao.

Por esta razdo, estas enfermidades, conhecidas aeacas cronicas né&o
transmissiveis, tem se tornado alvo constante sigupas, em busca de tratamento capaz de
minorar os seus efeitos.

Desta maneira, 0s resultados encontrados nesthoatmostraram que o celecoxib foi
eficaz na reducdo do peso corporal e da glicoseadaundongos obesos, oferecendo um
efeito protetor contra um perfil de resposta pfftamatéria e modulando a atividade do
sistema renina-angiotensina no tecido adiposo braAlém de agir na esteatose hepéatica
reduzindo fatores ligados a lipogénese.

Diante disso, conclui-se que a administragéo araledecoxib foi eficaz no tratamento
da sindrome metabdlica/obesidade e da esteatogidagem modelo murino.
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ANEXO A — Parecer da Comissdo de Etica em Expetiagdio e Bem-estar Animal da
UNIMONTES.

UNIVERSIDADE ESTADUAL DE MONTES CLAROS
COMITE DE ETICA EM EXPERIMENTAGAO E BEM-ESTAR ANIMAL Unimontes

PARECER C BSTANCIAD

Montes Claros, 29 de fevereiro de 2012.

Processo N. °22

Titulo do Projeto: Avaliagio do Perfil Metabélico e de marcadores associados a inflamacdo em camundongos

da linhagem FVB/N submetidos & dieta hiperlipidica e tratados com inibidores da ciclooxigenase II (COX-2) e
Resveratrol :

Orientador: Prof. Sérgio Henrique Sousa Santos

Histérico

A sindrome metabdlica (SM) ¢é um transtorno complexo representado por um conjunto de fatores de risco
cardiovasculares relacionados & deposigdo central de gordura e a resisténcia 4 agdo da insulina (5). Entre esses
fatores de risco, incluem-se a dislipidemia, a obesidade centripeta, a alteragdo na homeostase glicémica e a
hipertensdo arterial sistémica. A prevaléncia de SM na populagéio em geral ¢ de aproximadamente 24% (6), chegando
a mais de 80% entre os pacientes com Diabetes Mellitus (DM) tipo 2. A SM é um importante fator de risco de
mortalidade precoce em individuos ndo-diabéticos e em pacientes com DM tipo 2. Entretanto, o papel da SM como
entidade independente e associada a um maior risco para o desenvolvimento de eventos cardiovasculares tem sido
recentemente questionado. A obesidade estéd associada a uma resposta inflamatéria cronica, caracterizada pela
produgdo anormal de adipocinas e a ativagdo de alguns vias de sinalizagdo pro-inflamatorias, resultando na indugdo
de vérios marcadores de inflamatérios. Diversos componentes, como o resveratrol € os inibidores da COX-2 tém
apresentado efeitos positivos na resposta inflamatéria em modelos de animais obesos, demonstrando-se viaveis na
modulagdo de entidades patoldgicas envolvidas na sindrome metabdlica.

Mérito

Sera avaliado o perfil lipidico e glicémico de camundongos da linhagem FVB/N submetidos a dieta hiperlipidica e
tratados com resveratrol e inibidores da COX-2. Os resultados do presente projeto permitirdo conhecer o efeito da
administragdo do resveratrol e inibidores da COX-2 em modelos animais de sindrome metabélica, sendo de
fundamental importancia como testes pré-clinicos de avaliagio de efeitos adversos abrindo a perspectiva de
desenvolvimento de novos medicamentos para combater as doengas cardiometabélicas que mais acometem e matam
a populagdo mundial.

Parecer

A Comissdo de Etica em Experimentagéo e Bem-Estar Animal da Unimontes analisou o processo 022 e entende que
0 mesmo esta completo e dentro das normas da Comissdo e das Resolugdes do Conselho Nacional de Controle e
Experimentagdo Animal. Sendo assim, somos pela APROVACAO do projeto de pesquisa.

Pr,oft Orlando Raphael l:/opasso Jitnior
Presidente da Comissdo de Etica em Experimentagdo e Bem-Estar Animal da UNIMONTES
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ANEXO B — Normas de formatacao do produto 1 / Stgence

There are no sict formating requrements but all mamuscnpis must contan the essental elements needed to convey vour
manuscript, for example Abstract. Keywords. Infroducton, Matenals and Methods, Results, Conclusions, Artwork and Tables
with Captions.

If your ariicle mmeludes any Videos and/or other Supplementary matenial, thi= should be meluded m your imtral submassion for

Pear [eVIEW PUIposes.
Diide the aricle mto clearly defined sections.

Figures and table: embedded in text

Pleaze ensure the fipures and the tables mncluded 1n the single file are placed naxt to the relevant text in the manuserpt. rather
than at the bottom or the top of the fils.

Pleaze write vour text m good Enghsh (Amencan or Bntish nsage 15 accepted, but not 3 muxture  of these}. For languaze
assistance, pleaze see Language Services, above. Use decimal pownts {not decimal commas); use a space for thousands (10

000 and above).

LUze of word processing safrware

Regardles: of the file format of the ongmnal submission, at revision you must provide us with an editable file of the entire
article. Eeep the lavout of the fext as simple as posaible. Most formathng codes will be removed and replaced on processing the
article. The electronac text should be prepared in a2 way very sumilar to that of conventional manuseripts (see also the Guide to
Publishmg with Elsevier: htip:/feewrwr elsevier com/smdepublication). See also the section on Electromic artwork.

To avoid unpecessary emrors vou are sttongly advized to use the ‘spell-check’ and "grammar-check’ functions of wour word

PIOCessor.

Bemoning with the first page, present vour manusenpt in the order below:

1. Tatle: First letter capitalized, subsequent letters in lower case. Mamimmm length 150 characters meludmg spaces. Avoid
abbreviations.

2a Names of all authors.

2b. Affiliations of all authors. Ifnecessary. use superscripted lowercase letters after the author's name to distinguish affiliations.
3. Author to whom proofs and comespondence should be sent. melnding name, mailing address, telaphone and fax numbers,
and e-mat! address.

4, A structured abstract has to be submatted for full length arncles (not for reviews) of no more than 250 words. The following
headings mmst be used:

Aams:

Mam methods:

Eey findings:

Sigmficance:

5. Three or more key words for mndexing purposes. In addibon to kev words from the title, please suggest other terms that
help define the study. We encourage authors to test the relevance of thewr kev words by using them for a database search and
comparmeg the results with the topic of thew own paper.

Word hmits: In full papers, mdividuzal sechons should be no longer than Abstract 250 words, Intreducton 500 words,
Diseussion 1500 words. Conelusion 150 words. Matenals and Methods and Results sachions should be concize but there 15 no




Collate acknowledgements 1 2 separate section at the end of the article before the references and do not, therefore, melude
them on the fitle page, as a footmote fo the ftitle or otherwnse. List here thoze mdividuals who provided help dunng the research
{e.g.. providing lanpuage help, wniting azsistance or proof readmp the arficle, ate).

Pleaze note that fundinz imformaton must appear under the Acknowledpments heading:

Footnote: should be wsed spanngly. Mumber them consecutively throughout the arficle. Many word processors bmld
footnotes into the text, and this feature may be used. Should this not be the casze. indicate the posifion of footmotes m the text
and present the footmotes themselves separately at the end of the articls.

Artwork Electronic artwork General points
* Mzke sure you use uniform lettenng and sizing of yvour onznal artwork.

# Preferrad fonts: Amnal (or Helvetica), Tunes New Foman {or Times), Symbol. Cowner.

* MNumber the tllustrations according to thew sequence 1n the text.

% [se a logical nanung convention for vour artwork files.

* Indicate per figure1f it 15 2 single. 1.5 or 2-column fithng image.

* For Word subnussions only, vou may stll provide figures and thewr captions, and tables within 2 single fils at the revision
stage.

* Pleaze note that individuzl igure files larger than 10 MB must be provided in separate sowrce files. A defailed smde on
electronic artwork 15 available on our website: hip/www elsener com/artworkinstruchons.

You are urged to visit this site; some excerpts from the detailed information are given here,

Formatz

Eegzardles= of the applicanon nsed, when vour electronic artwork 1z finalized, pleaze 'save as' or convert the images to one of
the following formats (note the resolution requrements for hne drawmngs, halfiones. apd hne'halffone combmanons given
below):

EPS {or FDF): Vector drawings. Embed the font or save the text as'zraphies’.

TIFF {or JPG): Color or gravscale photographs (halfiones): always use a mummmm of 300 dpe. TIFF (or JPG): Bitmapped

ine drawmings: use a mimmum of 100 dpa TIEF (or TPG): Combinations bitmapped hine/half-tone (celor or grayscale): a
mnmum of 50 dpr 15 required.

Please do not:

* Supply files that are optimized for screenuse (e.g., GIF, BMP, PICT, WPG): the resolution 15 too low.

* Supply files that are too low 1o resolution.

* Sybmut graphics that are disproporfonately large for the content.

Celor arfvark

Pleaze mzke sure that artwork files are 1n an acceptable format (TIFF (or JPEG), EPS (or PDF). or MS Office files) and with
the correct resoluon. If topether with your accepted arncls, vou submst usable color figures then Elsevier wall ensure at no
additionz] charge. that these fizures will appear in color online {e.g | SctenceDirect and other sites) regardiess of whether or
not these 1llustrations are reproduced m color in the printed version For color reproducton in print, vou will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please mdicate your preference for
color: m prmt or online only. For further information on the preparation of electrome artwork, pleaze see

http:iwww elsevier. com/ artworkmstrachons.
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Referencas
Citation in text

Please ensure that every reference cited m the text 15 also present 1n the reference b=t (and vice versa). Anv references cited mn
the abstrzet must be given 1o full. Unpubhshed results and personal commumications are not recommended in the refarence list,
but mxay be mentoned in the text. If these references are mmeluded m the reference hist thev should follow the standard reference
siyle of the journal and should mehude 2 substtuhon of the publication date with either Unpublizhed result=' or Perzonal

compmmezabon’. Citation of a reference as 'Impress' imphies that the riem kas been accepted for pubhication.

Referance links

Increased discoverability of research and high quabty peer review are ensured by online hinks to the sources cited. In order to
allow us to create hinks to sbstracting and mmdexing services, such as Scopus, CrossRef and PubMed, pleaze ensre that data
provided m the references are correct. Please note that meorrect surmames, joumal book titles, publication vear and pagination
may prevent hink creaton. When copying references, please be careful as they may already contain errors. Use of the DOT 15
encouraged.

Reference management safrware

Most Elsewvier jowmzls have ther reference template avalable m many of the most popular reference
management software  products.  These inclede all  products that suppeort Citaton Style Lanpuage styles
{(bttp://citanonstyles org), such a3 Mendeley (http:'wwrw mendeley com/features/reference-manzger) and Zotero
(https:/'www.zoterc.org’), as well as EndMote (http:'endnote com/'downloadsstyles), Using the word processor phig-ins from
these products, authors only need to select the appropriate jownal template when prepanng thewr article, after which citations
and bibhiographies will be automatcally formatted mn the jowmal's styvle. If no template 15 yet avalable for ths joumnal, please
follow the format of the sample references and citzhions as shown in this Guade.

Users of Mendeley Desktop caneasily install the reference stvle for thes jouwrnal by clickimg the following link:

hitp:/‘open mendaley com/use-citanon-stylalife-sciences

When preparing your manuscript, vou will then be able to select this stvle using the Mendeley plug- ins for Microzofi Word
or LibreCHfice.

Reference formarting

There are no strict requivements on reference formattmg at submission. Feferences can be in any style or format as long as the
style 15 consistent. Where applicable, author{s) name(s}, jowmnal tiflebook title, chapter title'ariicle ttle, vear of publication.
volume numberbook chapter and the pagination mmst be present. Use of DOI 15 highly encouraged. The reference stvle
uzed by the jowmnal will be applied to the accepted article by Elsevier at the proof stage. Note that missing data will be
highhzhted at proof stage for the author to comect If vou do wish to format the references vourself they should be arranged
according to the following examples:

Refaremce sivle

Texr: Indrcate references by pumber(s) n square brackets i line with the fext The actuzl authors can be referred to, but the
reference number(s) must always be grven

Example: '..... as demonstrated [3.6]. Barnaby and Jones [8] obtained a different resulf _..'

Lizt: Number the references (pumbers m square brackets) m the List in the order imwhich they appear 1o the text.

Example::

Feference to a journal pubheation:

[11].vander Geer J.A J. Hanrazds, K A Lupton, The art of wniting a seientific articls. 1. Sei. Commun. 163 (20107 51-59.
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ANEXO C — Normas de formatacéo do produto 2 / Oiigesand Liver Disease

Guide for Authors

Digestive

and Liver Dicease  INSTRUCTIONSTO AUTHORS

Digestive and Liver Disease publishes papers raygpbiasic and clinical research in the
field of Gastroenterology and Hepatology:

h The Journal's format is in accordance with thertrdBonal Committee of Medical Journal
Editors (ICMJE) and the 2008 guidelines of the Guluaf Science Editors (CSE) to
promote integrity in scientific publications. Fogtdils
seehttp://www.icmje.org/, http://www.councilscienceeditors.org

CATEGORIESOF MANUSCRIPTS

Original Papers

The maximum length is 3,500 words, excluding thstraot, references, tables and figures. The abhsthacld
be structured and not exceed 200 words.

Randomized clinical trials must be registered d@d@ONSORT checklist included with the submission.

PRESENTATION OF MANUSCRIPTS

Manuscripts should have wide margins and doubleisgahroughout, i.e. also for abstracts, footnated
references. Every page of the manuscript, incluthegditle page, references, tables, etc., shoaldumbered.
However, in the text no reference should be magmat® numbers; if necessary, one may refer toosecti
Avoid excessive usage of italics to emphasize qfatie text.

Ensure that each new paragraph is clearly indic&ssbent figure legends on separate pages abthef ¢he
manuscript. If possible, consult a recent issugn@flournal to become familiar with layout and aartions.
Values should be expressed in SI and metric syatgta of measurement. Statistical methods are to be
described in detail. If the names of drugs or eangipt are used, the name of the manufacturer, towrcauntry
should be given.

USE OF ABBREVIATIONS

Title, Abstract, Table headers and Figure legehdsilgl not contain abbreviations.

Standard abbreviations may be used in the texy;dheto be placed in parentheses after the fiutl te used for
the first time.

All abbreviations contained in the Figures musekplained in the Figure legend, even if alreadyl@rpd in
the text.

All abbreviations contained in the Tables must x@aned in a footnote below each table, evenrgady
explained in the text.

Each manuscript should be organized in the follgvarder:
1. Title page:

« Title (this should be clear, descriptive and nateeed 160 characters, including spaces)

» Name(s) of Author(s) with their highest earned éegr Authorship should only be assumed by those
workers who have contributed materially to the warkl its report. Authorship credit should be based
on:

1. substantial contributions to conception andgleshcquisition of data, or analysis and intergieta
of data

2. drafting the article or revising it criticallpif important intellectual content; and

3. final approval of the version to be published

Authors should meet conditions 1, 2, and 3. Colleagvho have otherwise assisted or collaborated
should be recognized in the Acknowledgement section

e Complete postal address(es) of affiliations

« Electronic word count (excluding abstract, refeemadables, figures)

* Full telephone and fax numbers, and e-mail addvE®e corresponding Author
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* Present address(es) of Author(s) if applicable detarorrespondence address (including postal zip
code) and e-mail address to which the proofs shioailgent
e Source(s) of support in the form of grants, equiptndrugs, or all of the above

2. Abstract:

This should contain no more than 200 words. Fagioal articles, the abstract should be structured, @ivided
into six sections Background, Aims, Methods, Resualhd Conclusion). Abstracts should briefly désethe
problem being addressed in the study, how the stiadyperformed and which measurements were cartigd
the most relevant results, and what the Authorglcole from the results.

An abstract is often presented separate from tiwearso it must be able to stand alone. Referesbeuld
therefore be avoided, but if essential they mudtiteel in full without reference to the referenist. |
Non-standard or uncommon abbreviations should balad, but if essential they must be defined at fiivst
mention in the abstract itself.

3. Key words: A list of 2-4 words or short phrases not alreatbjuded in the title should be included after the
abstract for indexing purposes

4. Introduction:
State the objectives of the work and provide amadt background, avoiding a detailed literaturgesuor a
summary of the results.

5. Materialsand Methods:

Experimental/Materials and methods. Provide suffitidetail to allow the work to be reproduced. Metth
already published should be indicated by a refereonly relevant modifications should be described.
Animal studies. Manuscripts reporting experimersgisig animals must include a statement giving asseréhat
all animals received humane care and that studp@ots comply with the institution's guidelines aamdmal
research laws.

6. Results:

These should be presented precisely, keeping discusf their importance to a minimum. Do not doate
information contained in tables and figures.

7. Discussion:
This should directly relate to the study being mégad. Do not include a general review of the topiease
include the conclusion in this section, unless & review article.

8. Appendices:
Identify appendices with capital letters: A, B,.dtormulae and equations in appendices shouldves gi
separate numbering: (Eqg. A.1), (Eqg. A.2), etca Bubsequent appendix, (Eq. B.1) and so forth.

9. Acknowledgements:
This section should acknowledge colleagues who hasisted or collaborated in the study who didmeét full
authorship criteria (see Title Page).

10. References:

References should be numbered consecutively iordher in which they are cited in the text. The fatrof the
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