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RESUMO
Estudos epidemioldgicos evidenciam que a obesidade durante a gestacdo prejudica o
desenvolvimento fetal e predispbe a prole a maior incidéncia de doencas crénicas ndo
transmissiveis (DCNT) frequentemente coexistentes com processos inflamatérios. Dessa forma,
este estudo tem como objetivo avaliar a fase aguda da resposta inflamatéria e a eficacia
farmacoldgica da nimesulida na prole adulta de ratos Wistar alimentados com uma Dieta
Ocidentalizada durante a gestacdo e lactacdo. A partir do 1° dia de gestacdo, as matrizes foram
divididas aleatoriamente em dois grupos: 1) DPgl — que permaneceram recebendo a DP de
biotério (Presence ®) durante a gestacdo e lactacdo e 2) DOgl que passaram a receber DO durante
a gestacdo e lactacdo. Em seguida, segundo a manipulagdo nutricional, as proles foram divididas
em quatro grupos: i) DPgI-DP - prole das matrizes que receberam a DP durante a gestacdo e
lactacdo e permaneceram com a mesma no pos-desmame até o 60° dia de vida; ii) DOgI-DO -
prole de matrizes que receberam a DO durante a gestacdo e lactacdo e permaneceram com a
mesma no pos-desmame até o 60° dia de vida; DPgl-DO - prole de matrizes que receberam DP
durante a gestacdo e lactacdo, mas que passaram a consumir DO no pos-desmame até o 60° dia de
vida e iv) DOgI-DP - prole das matrizes que receberam DO durante a gestacdo e lactacdo, mas
que passaram a receber DP no pds-desmame até o 60° dia de vida. Nesse experimento 0s animais
receberam Carragenina (0,1 mL, 1% w/v) na regido subplantar da pata esquerda traseira para
avaliar a resposta inflamatéria aguda da prole e o efeito anti-inflamatério da nimesulida. No
modelo de inflamacdo aguda nos intervalos de 120, 180 e 240 min, respectivamente, 0 grupo
DOgI-DO (1,66 + 0,61*; 2,06 + 0,62* e 2,10 £ 0,67*) e 0 grupo DOgI-DP (1,62 + 0,16*; 1,92 +
0,36* e 1,51 + 0,37*) exibiram aumento significativo (p<0,05) em relagdo ao DPgl-DP (0,93 +
0,20; 1,11 £ 0,26 e 1,07+0,14). Enquanto o DPgl-DO (1,35 + 0,16* e 1,55 + 0,23*) s6 apresentou
diferenca (p<0,05) comparada ao DPgl-DP nos intervalos de 120 e 180 min, respectivamente. A
atividade anti-edematogénica da nimesulida no grupo DPgl-DPn, foi observada nos intervalos de
120, 180 e 240 min; enquanto no grupo DOgI-DOn esse efeito foi observado apenas no intervalo
de 120 min apos a injecdo subplantar da carragenina. Quando comparados a seus respectivos
grupos controle tratados com carboximetilcelulose (DOgI-DOc versus DOgl-DOn ou DPgl-DPc
versus DPgl-DPn), o efeito anti-edematogénico da nimesulida, expresso em percentual de
inibicdo do edema, medido nos intervalos de 180 (33,98%) e 240 minutos (33,80%), apos a

injecdo do agente edematogénico, foi significativamente (p<0,05) menor em relacdo ao grupo



DPgl-DPn (38,73% e 38,31%, respectivamente). A partir dos dados concluimos que, a dieta
ocidentalizada acentuou a intensidade da resposta inflamatoria aguda e reduziu o efeito da

nimesulida sobre o edema de pata induzido por carragenina em ratos Wistar.

Palavras-chave: Dieta Ocidental; Inflamagdo Aguda; Nimesulida.



ABSTRACT
Epidemiological studies show that obesity during pregnancy affect fetal development and
predispose the offspring to higher incidence of chronic noncommunicable diseases (NCDs) often
coexisting with inflammatory processes. Thus, this study aims to evaluate the acute phase of the
inflammatory response and the pharmacological efficacy of nimesulide in the adult offspring of
Wistar rats fed a Westernized diet during pregnancy and lactation. From the 1st day of
pregnancy, the mothers were randomly divided into two groups: 1) SDgl - that were fed the SD
vivarium (Presence ®) during pregnancy and lactation and 2) WDgl that have received WD
during pregnancy and lactation. Then, according to nutritional manipulation, the proles were
divided into four groups: i) SDgl-SD - offspring of mothers who received SD during pregnancy
and lactation and kept the same post-weaning until 60 days of life; ii) WDgl-WD - offspring of
mothers who received the WD during pregnancy and lactation and kept the same post-weaning
until 60 days of life; SDgl-WD - offspring of mothers who received SD during pregnancy and
lactation, but that began to consume WD post-weaning until the 60th day of life and iv) WDgl-
SD - offspring of mothers who received WD during pregnancy and lactation but have received
SD post-weaning until the 60th day of life. In this experiment the animals received carrageenan
(0.1ml of 1% w / v) in the subplantar region of the left hind paw to assess acute inflammatory
response of offspring and anti-inflammatory effect of nimesulide. In the model of acute
inflammation in the intervals 120, 180 and 240 min, respectively, WDgl-WD group (1.66 + 0.61
*:2.06 * +0.62 and 2.10 + 0.67 *) and WDgl-SD group (1.62 £ 0.16 *; 1.92 * + 0.36 and 1.51 +
0.37 *) showed a significant increase (p <0.05) compared to SDgl-SD (0.93 £ 0.20, 1.11 + 0.26
and 1.07 + 0.14). While SDgI-WD (1.35 £ 0.16 and 1.55 + 0.23 * *), the only difference (p
<0.05) compared to SDgl-SD in the intervals 120 and 180 min, respectively. The anti-edema
activity of nimesulide in SDgl-SDn group was observed at intervals of 120, 180 and 240 min;
while in WDgl-WDn group this effect was only observed in the range of 120 min after subplantar
injection of carrageenan. When compared to their respective control groups treated with
carboxymethylcellulose (WDgl-WD vs. WDgl-WDn or SDgl-SD versus SDgl-SDn), anti-
oedematogenic effect of nimesulide expressed as percentage inhibition of edema measured at the
intervals of 180 ( 33.98%) and 240 minutes (33.80%), after injection of oedematogenic agent,
was significantly (p <0.05) lower in relation to SDgl-SDn group (38.73% and 38.31%,
respectively). From the data we conclude that the westernized diet accentuated the intensity of the



acute inflammatory response and reduce the effect of nimesulide on the paw edema induced by

carrageenan in rats.

Keywords: Western diet; Acute inflammation; Nimesulide.



Lista de ilustracOes

Referencial tedrico

Figura 1.

Estrutura quimica da nimesulida (FONTE: RUELA et al.,
2009)

Material e Métodos

Figura 1.

Distribuicdlo  dos  grupos  experimentais. CMC -

Carboximetilcelulose (0,5%).

Artigo cientifico

Figure 1.

Figure 2.

Distribution of the experimental groups. CMC - carboxymethyl

cellulose (0.5%).

Average daily feed intake (g) of Wistar rats (n = 5 animals /
group) fed a standard diet (SD) or "westernized" diet (WD) in
the periods of pregnancy, lactation and / or post-weaning.
SDgI-SD (Control group) versus WDgI-WD or SDgl-WD or

WDgI-SD (experimental groups). Values expressed as mean +

Pagina

42

Péagina

48

Péagina

70

76



Figure 3.

Figure 4.

Figure 5.

SD. Significance obtained from the two way ANOVA test
followed by Bonferroni's test (* p <0.05).

Average body weight (g) of Wistar rats (n =5 animals / group)
were fed with standard diet (SD) or "westernized" diet (WD) in
the periods of pregnancy and lactation and / or post-weaning.
SDgl-SD (Control group) versus WDgl-WD or SDgl-WD or
WDgl-SD (experimental groups). Values expressed as mean +
SD. Significance obtained from the two way ANOVA test fol-
lowed by Bonferroni's test (* p <0.05).

Effect of nimesulide (5 mg/ kg) on the rat paw edema induced
by subplantar injection of carrageenan in SDgl-SDn (A) and
WDgl-WDn (B) groups. Values expressed as mean + SD. Sig-
nificance obtained from the test two-way ANOVA followed by
Bonferroni test. * P <0.05 when compared to their respective
control groups (SDgl-SD versus SDgl-SDn, and WDgl-WD
versus WDgl- WDn).

Levels IL-6 (A) and TNF-a (B) in the homogenate of the sub-
plantar region of the treated groups (SDgl-SDn and WDgl-
WDn) and their respective control groups (SDgl-SD and
WDgI-WD) Six (06) hours after the carrageenan injection.
Values expressed as mean + SD. *Significance obtained from

the test one way followed by Tukey test (p <0.05).

77

80

81



Figure 6.

Activity of the enzyme myeloperoxidase (MPO) in the
supernatant of homogenate of overcoming six Wistar rats
region (04 hours) after carrageenan injection in the groups
treated with nimesulide (SDgl-SDn, WDgI-WDn) and their
respective control groups (SDgl-SD and WDgl-WD). Values
expressed as mean = SD. *Significance obtained from the test

one way followed by Tukey test (p<0.05).

82



Lista de Tabelas

Referencial tedrico

Tabela 1 Macronutrientes segundo o Valor Energético Total (VET) da

d

Artigo cientifico

Table 1

Table 2

Table 3

Table 4

ieta padrdo (Presence®) ou ocidentalizada.

Macronutrients according to Total Energy Value (TEV) of the
standard diet (Presence®) or Westernized.

Body weight of mothers fed a standard diet (SD) or diet "west-
ernized" (WD) during pregnancy and lactation and their respec-

tive offspring.

Biochemical and haematological the rat offspring variables
Wistar adults (n = 5 animals / group) fed with SD or WD during
pregnancy, lactation and post-weaning up to 60 days (SDgl-SD
and WDgl-WD respectively) or submitted to swap diets (WDgl-
SD and SDgl-WD) after the post-weaning period.

Mean Paw Volume in SDgl-SD, WDgl-WD, SDgl-DO and
WDgl-SD groups (n = 5 animals / group) with paw edema

induced by carrageenan injection supplant (0.1 mL).

Péagina

47

Pégina

69

75

78

79



aa

AA

AGP

ASP

AINE’s

cAMP

CC

COX-1

COX-2

COX-3

CTAB

DCNT

Lista de abreviaturas e siglas

Aminoéacidos

Acido araquiddnico

a-1-glicoproteina acida

Proteina estimuladora de acilagdo

Anti-inflamatdérios ndo-esteroidais

Monofosfato ciclico de adenosina

Familia de receptores de quimiocinas

Enzima cicloxigenase tipo 1

Enzima cicloxigenase tipo 2

Enzima cicloxigenase tipo 3

Cetiltrimetilamo6nio brometo

Doengas Cronicas N&o-Transmissiveis



DMBA  9,10- dimetilbenzoantraceno

H,0, Perdxido de Hidrogénio

EROS  Espécies reativas do oxigénio

eNOS Oxido nitrico sintase endotelial

ICAM-1 Molécula de adesao celular-1

ICAM-2 Molécula de adeséao celular-2

IFN-y Interferon-y

IgE Imunoglobulina E

iINOS Oxido nitrico sintase induzida

IL-1 Interleucina 1
IL-2 Interleucina 2
IL-4 Interleucina 4
IL-5 Interleucina 5

IL-6 Interleucina 6



1L-8 Interleucina 8

1L-10 Interleucina 10

1L-12 Interleucina 12

1L-13 Interleucina 12

IL-1IRN  Antagonista do receptor de interleucina 1

IMC indice de Massa Corporal
i.p Intraperitoneal
KC Quimiocina derivada de queratindcito

LPS Lipopolissacarideo

LTB4 Leucotrieno B4

LTC4 Leucotrieno C4

LTD4 Leucotrieno D4

LTE4 Leucotrieno E4



MIP 2  Proteina da inflamacéo do macro6fago 2

MPO  Mieloperoxidase

mMtNOS Oxido nitrico sintase mitocondrial

NaCl Cloreto de sbédio

NK Natural killer

NO Oxido Nitrico

NOS Oxido nitrico sintase

nNOS  Oxido nitrico sintase neuronal

PAI-1 Inibidor do fator ativador de plasminogéniol

PAF Fator de ativacdo plaquetéria

PBS Tampao Fosfato Salino

PCR Proteina C Reativa

PFA’s  Proteinas de fase aguda



PG’s Prostaglandinas

PGD2  Prostaglandina D2

PGE2 Prostaglandina E2

PGI2 Prostaglandina 12

PMN’s  Polimorfonucleares

RBP-4  Proteina ligante de retinol 4

RNAm  Acido ribonucleico mensageiro

SM Sindrome Metabdlica

SSA Amiloide sérica A

STNF-R Receptor soltvel do fator de necrose tumoral alfa

TAB Tecido Adiposo Branco

TAM Tecido Adiposo Marrom

TAV Tecido Adiposo Visceral



TAS

TGFB

TNF-a

TXA-2

TXS

VCAM

TGFp

VEGF

Tecido Adiposo Subcutaneo

Fator de crescimento transformador beta

Fator de Necrose Tumoral - alfa

Tromboxano A2

Tromboxano sintetase

Molécula de adesdo celular-vascular

Fator de crescimento transformador beta

Fator de crescimento vascular endotelial



SUMARIO

Paginas
1 APRESENTAGAO. ...t eeeeeeeeee e es s sas s 25
2 REFERENCIAL TEORICO.......oiiiieeeceetieeee e, 27
2.1 TranSiGa0 NULFCIONAL..........cceciueiieiice e 27
2.2 ODESIAAGL. ... s 28
2.3 O processo iNFIAMALOIIO........cvciiiieiie e 30
2.4 Mediadores quimicos envolvidos na resposta inflamatoria..............cc.ccccoeeee. 31
2.5 Eventos vasculares da resposta inflamatoria ..........cccceeeveercrieencieencieeeeiee e, 36
2.6 Moléculas de adesdo de membrana envolvidas na migracéo leucocitaria........ 37
2.7 Marcadores da resposta inflamatdria de fase aguda .........cccceeviieiiienieeiennne. 38
2.8 TeCIAO AUIPOSO. .. .veiueenieieiieieeieeee ettt bt 39
2.9 Inflamacdo do tecido adiposo na obesidade.............cccccvvevveviiiiciieie e 40
2.10 Marcadores inflamatorios na obesidade.............cocoovveoiriiniiinee 41
2.11 NIMESUIIAA .. .eiiiiiiiecece ettt e ebe e ae s e sese e 42
3 JUSTIFICATIVA e 44
4 OBUJIETIVOS.....cc ettt 45
4.1 ODJELIVO GEIaAL....coiiiieiiieeeee e 45

4.2 ODbjetivos ESPECITICOS........ccuiieeiicieceece et 45



MATERIAL E METODOS........coiieiiieieiete s

CONGCLUSODES ... e ettt

REFERENCIAS

ANEXQOS

Anexo A — Parecer da Comissao de Etica no uso de Animais do Centro de
Ciéncias da Saude da UFPE CEUA-UFPE

Anexo B — Normas da Revista European Journal of Pharmacology

APENDICE

Artigo Original



25

1. APRESENTACAO

A obesidade € uma doenca metabolica cronica, caracterizada pelo acimulo excessivo
de gordura corporal (ABEP, 2011) e considerada fator de risco para desenvolvimento de
agravos como diabetes e doencas cardiovasculares. Atualmente a obesidade é denominada
como “doenca cronica nao transmissivel” e ¢ considerada causa de morte de 2,8 milhdes de
pessoas por ano, sendo que 12% da populacdo mundial é classificada como obesa (ABESO,
2012). Os fatores que contribuem para esta situacdo sdo 0os comportamentos da sociedade atu-
al, como o alto consumo das chamadas “junk food”, a expansao dos “fast food” e¢ o sedenta-

rismo, que tém sido associados a prevaléncia da obesidade no ambito ocidental (WHO, 2014).

A ingestdo de acidos graxos durante a gestacao e lactagdo podem ser transmitidos para
o feto e ao recém-nascido através da placenta e leito materno, respectivamente e ainda alterar
a composic¢do dos acidos graxos dos fosfolipidios da membrana celular, podendo resultar em
graves problemas na estrutura e funcéo das células dos descendentes (KABARAN; BESLER,
2015). A dieta materna repercute de forma potencial sobre os filhotes, podendo se prolongar
por varias geracdes (BEAUCHAMP; MENNELLA, 2013).

Enquanto alguns estudiosos relatam que a obesidade € decorrente do desequilibrio en-
tre 0 gasto energético e ingestdo alimentar, outros defendem que a obesidade pode ser resulta-
do de padrbes comportamentais alimentares que evoluiram de nossos ancestrais. Tais condu-
tas comportamentais sdo vulneraveis a disponibilidade e aumento da palatabilidade dos ali-
mentos, contribuindo dessa forma para o crescimento em nivel epidémico da obesidade
(NANGUNOORI et al., 2016 ).

A associacdo entre obesidade e inflamacao esta relacionada ao nivel elevado de citoci-
nas e proteinas de fase aguda nesses individuos. Os adipdcitos sintetizam uma variedade de
citocinas e proteinas de fase aguda que acabam por elevar a secrecédo e circulacdo desses me-
diadores quimicos (TRAYHURN, 2007; BULLO et al., 2003).

O tecido adiposo em excesso eleva a producdo de adipocinas, resultando em impactos
na fisiologia corpdrea, como na pressédo arterial, balango energético, sistema imune, sensibili-
dade a insulina, controle da ingestdo alimentar, angiogénese, metabolismo lipidico correlacio-
nados a cardiopatias (PRADO et al., 2009). Dentre as adipocinas sintetizadas pelo tecido adi-

poso destacam-se a adiponectina e leptina (WEISBERG et al., 2003). Também sdo descritos
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na literatura outras como a IL-1, a IL-6, TNF-a, CCL2; (CALLE; KAAKS, 2004) e inibidores
de serino-proteases (HIDA et al., 2005).

Para amenizar o desequilibrio entre os mediadores pré e anti-inflamatorios, sdo aplica-
dos na terapéutica os farmacos anti-inflamatorios. Os mais prescritos mundialmente séo clas-
sificados como anti-inflamatdrios ndo esteroidais (AINES) (HOWARD, 2004).

A nimesulida é um anti-inflamatério ndo esteroidal (AINE) que possui propriedade
analgéesica e antitermica. Atua como inibidor seletivo da via de ciclooxigenase-2 (DE-
MIRYILMAZ et al., 2014). Possui um carater de &cido fraco atribuido a presenca do grupo
metanosulfonamida (PEREIRA et al., 2011). Geralmente € indicado para o tratamento de dor
aguda, tratamento sintomético de osteoartrose e dismenorreia primaria (RAINSFORD, 2005).
Estudos mostram a acdo benéfica sobre a inibicdo do crescimento de varios tumores (colo do
utero, pancreas, mama, pulmao) (INOUE et al., 2008; CAl et al., 2012).
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2. REFERENCIAL TEORICO

2.1. Transicdo nutricional

A transicdo nutricional € um fendmeno associado ao desenvolvimento socioecondémico
caracterizado pela alteracdo nos padrdes alimenticios e estado nutricional; e ainda atrelada as
doencgas cronicas (diabetes, dislipidemias, hipertensdo) (AMUNA; ZOTOR, 2008). Com o
advento e ampliacdo do setor industrial e em busca de melhores oportunidades, a populacao
da zona rural passou a migrar para as zonas urbanas, o que provocou mudangas ho comporta-
mento e nos habitos alimentares. Junto ao crescimento populacional urbano, elevou-se o nu-
mero de individuos que exercem atividades onde requerem poucos gastos energéticos, devido
a Revolucgdo industrial que trouxe consigo o alto grau de mecanizacdo das atividades antes
realizadas manualmente (FRENCH et al., 2001). Concomitante a mudanca de ocupacdo de-
mogréfica de espago fisico, ocorreu uma alteragdo no mercado de trabalho primariamente
baseado no setor primario para mao-de-obra no setor secundario e terciario (PATARRA,
2000; YUNES, 2000). Esta transicdo epidemioldgica é caracterizada pelo aumento de doen-
cas vinculadas a modernizagédo e diminuicdo do predominio de doengas atreladas ao subde-
senvolvimento (KAC; VELASQUEZ-MELENDEZ, 2003).

De acordo com inquéritos nutricionais, a predominancia do déficit de peso em adultos
diminuiu no sexo masculino e feminino ao longo dos anos, onde em homens em 1974-1975
representava um percentual de 8,0%, 4,4% em 1989, 3,1% em 2002-2003 e 1,8% em 2008-
2009. Em mulheres, nos anos de 1974-1975 representava 11,8%, 6,4% em 1989, 5,6% em
2002-2003 e 3,6% em 2008-2009. Esses dados indicam o controle da desnutricdo na
populacdo adulta nas Ultimas décadas. Quanto a prevaléncia do excesso de peso e de
obesidade é observado um continuo aumento ao longo dos quatros inquéritos realizados nos
dois géneros, correspondendo um aumento de trés vezes no sexo masculino (de 18,5% para
50,1%) e aproximadamente duas vezes no sexo feminino (de 28,7% para 48,0%). Ao passo
que em criancas € observado uma reducdo da desnutricdo, desde a década de 1980,
confirmado esse declinio na década de 2000, que pode ser justificado pelas melhorias quanto
ao poder aquisitivo das familias de baixa renda, na formacdo escolar das mées e acesso a

servicos béasicos de saude e saneamento (IBGE, 2010).



28

Estudiosos relatam uma firme associacdo entre obesidade e desenvolvimento
econdmico. Nos paises com baixo indice de desenvolvimento econémico, a obesidade é
pouco presente e considerada como sinal de salde e status socio-econémico (KHAN;
BOWMAN, 1999; VISSCHER; SEIDELL, 2001), todavia, a desnutri¢cdo é considerada um
problema de saide (LUKE et al., 2001). Ao contrario de paises em desenvolvimento, no qual
a condicdo de obesidade é distribuida similarmente em todos os setores econémicos da
populagéo (KHAN; BOWMAN, 1999).

2.2. Obesidade

Nos dias atuais, 0 excesso de peso e a obesidade podem ser considerados um problema
de saude puablica, em nivel epidémico, pois, atingem  grande parte dos paises
independentemente do nivel econbémico, apesar de apresentar grandes variagdes em relacdo a
sua prevaléncia (WHO, 2003).

A obesidade faz parte de um conjunto de fatores de risco relacionados a ocorréncia de
doencas cronicas ndo transmissiveis juntamente com niveis elevados de pressao arterial,
colesterol e glicose no sangue e a projecdo é de que em 2025, aproximadamente 2,3 bilhdes
de adultos estejam com sobrepeso e mais de 700 milhdes obesos. E observada uma relacio
positiva com o aumento do IMC e desenvolvimento de doencas cronicas nao transmissiveis
(DCNT). Isso representa um fator de risco para o desencadeamento de outras DCNT como
doencas cardiovasculares, diabetes, distirbios musculos-esqueléticos, alguns tipos de cancer.
A prevaléncia da obesidade mais do que duplicou entre os anos 1980-2014 (ABESO, 2015).

O aumento do consumo de alimentos hipercaloricos e da inatividade fisica devido as
mudangas no transporte e crescimento sdo considerados fatores predisponentes para a
obesidade e excesso de peso (WHO, 2015). O consumo desenfreado de alimentos e bebidas
com alto percentual de acglcar é predominante em varios paises do mundo. Segundo estudo
de Popkin; Hawkes (2016), os chilenos sdo os maiores consumidores de bebidas agucaradas;
o0s chineses, 0s tailandeses e os brasileiros ocupam o décimo lugar. Foi visto que ao passo que
se reduz o consumo de refrigerantes, aumenta o de sucos de frutas, bebidas energéticas e agua
com sabor (ABESO, 2015).

A vida corriqueira do ambiente urbano e a falta de tempo estimula o trabalhador a

mudar seus padrBes alimentares. Segundo o inquérito da 22 edicdo da Pesquisa Alelo Habitos
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Alimentares do Trabalhador Brasileiro, realizado pela Alelo em 2015, as empresas nédo
incentivam alimentagdo saudavel (58%). No entanto, cerca de 75% dos trabalhadores fazem
sua primeira refei¢do no escritdrio, sendo observado um aumento de 6% comparado aos dados
coletados em 2014. Quanto a atividade fisica diéria, foi relatado que 56% passam a maior
parte do dia sentado, comprometendo dessa forma o gasto de energia. Cerca de 41% dos que
possuem jornada de trabalho de 6-8 horas, apenas 7% opta por estabelecimentos comerciais
que oferegam alimentos saudaveis. Por outro lado, foi observado um resultado positivo quanto
ao consumo de alimentos em fast-food, lanchonetes, bares e carros ou barracos de rua, com a
diminuicdo do consumo alimentar nesses locais quando comparados os estudos realizados em
2014 e 2015 (ALELO, 2014; ALELO, 2015; ABESO, 2015).

A prevaléncia de excesso de peso e obesidade no Brasil é crescente em todas as faixas
etarias a partir dos cinco anos de idade. Estudos populacionais datados nos dltimos 34 anos
(1974-2009) mostram que o predominio da obesidade elevou-se em mais de seis vezes entre
criancas de 5-8 anos de idade, independente do género. Entre os adolescentes, foi observado
um crescimento de cinco vezes no sexo feminino e de 14 vezes no sexo masculino. Nos
individuos maiores de 20 anos, verificou-se um aumentou em mais de quatro vezes no sexo

masculino e duas vezes entre o sexo feminino (IBGE, 2010).

De acordo com o levantamento realizado pelo IBGE, o indice de obesidade e
sobrepeso alcanca 60% da populagéo, onde 82 milhdes de pessoas apresentaram o IMC igual
ou maior do que 25, sendo prevalente no sexo feminino (58,2%). Além disso, o estudo indica
gue o0 excesso de peso aumenta com a idade, sendo mais rapido no homem. Ainda, os dados
indicaram que a obesidade atinge um em cada cinco brasileiros de 18 anos ou mais no ano de
2013 (20,8%), sendo mais alto em mulheres (24,4%) quando comparada aos homens (16,8%).
O excesso de gordura abdominal estd relacionado ao risco a varias doencas metabolicas
(hipertensdo arterial, diabetes e obesidade). A circunferéncia da cintura é diretamente
proporcional a idade em ambos os sexos (ABESO, 2015; IBGE, 2010).

A obesidade vem ganhando maior notoriedade nas agdes e iniciativas intersetoriais do
Governo Federal brasileiro com a implementagéo de estratégias como a Politica Nacional de
Alimentacdo e Nutricdo (PNAN) que promove ag¢Ges preventivas e terapéuticas como uma das
prioridades de atencdo nutricional e o Plano de Ac¢des Estratégicas para o Enfrentamento das
Doengas Cronicas Nao Transmissiveis (DCNT) no Brasil 2011-2022, que norteia sobre metas

especificas com o objetivo de diminuir a predominancia da obesidade entre criancas e



30

adolescentes e impedir seu crescimento entre adultos (MINISTERIO DA SAUDE, 2012;
MINISTERIO DA SAUDE, 2011).

2.3. O processo inflamatorio

O processo inflamatorio consiste na resposta fisioldgica diante de lesdo tissular ou de
infeccdo. Esta resposta organica envolve uma acdo coordenada entre o sistema imunologico e
o0 tecido agredido. Diversos estimulos exdgenos e enddgenos podem ocasionar a lesdo da cé-
lula, que por consequéncia estimula uma reacdo complexa denominada inflamagdo. Papiros
egipcios de 3000 anos a.C., descreveram os primeiros sinais da inflamacéo e Celsus, um escri-
tor romano do primeiro século d.C., foi o primeiro a descrever os quatros sinais da inflama-
¢do: rubor, tumor, calor e dor. Em posterior, Virchow adicionou mais um sintoma, a functio
laesa (perda de fun¢édo) (KUMAR, ABBAS; FAUSTO, 2005).

A reacdo inflamatoria é um processo que ocorre no tecido conjuntivo vascularizado,
que envolve leitos capilares, plasma, células circundantes e constituintes celulares e
extracelulares em resposta a danos teciduais, infeccdes e/ou reacdes imunoldgicas. Esse
processo objetiva eliminar o agente lesivo e induzir uma série de eventos que envolve uma
complexa interacdo entre as células inflamatérias  (neutréfilos,  linfécitos,
mondcitos/macrdfagos), das células vasculares da musculatura lisa e de células endoteliais
(TEDGUI; MALLAT, 2001), visando destruir o agente agressor e resultar em processo de
cicatrizacdo e reparacdo tecidual. A cascata de eventos ativada pode prolongar e induzir lesdo
no tecido, resultado da liberacdo exacerbada de enzimas, mediadores inflamatorios e espécies
reativas de oxigénio ou nitrogénio (TRACEY, 2000; KUMAR, ABBAS; FAUSTO, 2005).

O processo inflamatério é constituido de trés fases: fase precoce da inflamacdo aguda,
caracterizada por aumento da permeabilidade vascular e vasodilatacdo local; fase tardia da
inflamacdo aguda, com penetracdo de células leucocitarias e fagocitarias; e, fase proliferativa

cronica, com degeneracdo tissular e fibrose.

A resposta de fase aguda da inflamacéo pode durar minutos, horas ou dias, e apresenta
0s sinais cardeais da inflamacdo: dor, calor, rubor, tumor e perda de funcdo. Na fase precoce ¢
em torno de 0-1 hora e na fase tardia de 5-6 horas posterior a lesdo (ALBERTINI et al., 2004).
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Durante a fase precoce da inflamacéo, mediadores inflamatérios como bradicinina e
histamina modulam a resposta com o aumento do calibre e do fluxo vascular, caracteristicos
do calor e rubor no foco da inflamacédo (KUMAR, ABBAS; FAUSTO, 2005; ALBERTINI et
al., 2004). A fase tardia da inflamacdo aguda € caracterizada pelo predominio de eventos
celulares como a marginacao, a aderéncia endotelial, a diapedese e a migracdo leucocitaria
para focos da inflamacdo, induzidos por estimulos quimiotaticos (KUMAR; ABBAS;
FAUSTO, 2005). A fase cronica pode durar um periodo indeterminado, variando de acordo
com os tipos de mediadores celulares e humorais associados. E um processo associado a
presenca de linfocitos e macrdfagos, proliferagdo de vasos sanguineos, fibrose e necrose
tecidual (RYAN; MAJNO, 1977; ROTE, 1998; SHERWOOD; TOLIVER-KINSKY, 2004).

A liberacdo de mediadores inflamatorios resulta em edema tissular, decorrente ao
extravasamento de proteinas plasmaticas e migracdo hidrica para o tecido e infiltracdo de
mediadores inflamatérios que objetivam eliminar o agente agressivo (SPINOSA et al., 2006;
GILMAN et al., 2006). A migracdo celular ocorre como resultado da sintese local de diversos
mediadores inflamatérios com atividade quimiotatica e de alteracbes das proteinas de

membrana do endotélio vascular.

Os leucdcitos infiltram-se nos tecidos nas paredes dos vasos sanguineos, por
intermédio das moléculas de adesdo aos respectivos receptores no endotélio e em sequéncia
transmigracdo pelo endotélio. A migracdo leucocitaria é fundamental para defesa contra
antigenos estranhos ao organismo. No entanto, este mesmo processo pode resultar doencas
inflamatdrias, cronicas, agudas e autoimunes, derivadas da inflamacdo exacerbada e
destruicdo tecidual resultante (JAAKKOLA et al., 2000).

2.4. Mediadores quimicos envolvidos na resposta inflamatoria

Para que o processo inflamatorio ocorra, diversos mediadores quimicos sdo
sintetizados. Essas substancias podem ser originadas a partir do tecido (aminas vasoativas,
eicosanoides, citocinas, fator de ativacdo plaquetaria (PAF), radicais livres, dxido nitrico
(NO) e neuropeptideos) ou do plasma (sistema de coagulacdo, sistema do complemento,

sistema das cininas, sistema fibronolitico (RANG et al., 2007).

Os mediadores quimicos sdo responsaveis pelos eventos vasculares como a estase

vascular, vasodilatacdo e aumento da permeabilidade capilar com promocdo da migragdo
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leucocitaria para o foco inflamatdrio. Quando a inflamacao ultrapassa niveis homeostaticos,
mediadores enddgenos alcangam a circulacdo sistémica podendo provocar processo
inflamatorio denominado de resposta de fase aguda (ROTH et al., 2009). Os mediadores s&o
divididos nos seguintes grupos (KUMAR; ABBAS; FAUSTO, 2005; ALBERTINI et al.,
2004): 1) Aminas Vasoativas — histamina e serotonina; 2) Proteases Plasmaticas — sistema das
cininas, complemento, coagulacio e fibrinolitico); 3) Metab6litos do Acido Araquidonico —
cicloxigenase e lipoxigenase; 4) Proteases lisossomicas; 5) Radicais livres derivados do
oxigénio; 6) Fatores das plaquetas (PAF); 7) Quimiocinas; 8) Citocinas; 9) Oxido Nitrico.

AMINAS VASOATIVAS

A histamina e serotonina sdo aminas vasoativas encontradas nos granulos de células ja
pré-formadas. S&o os primeiros mediadores a serem liberados no sistema apds um estimulo
inflamatério (KUMAR; ABBAS; FAUSTO, 2005). A histamina é um mediador proteico
encontrado nos tecidos e liberado pelos mastocitos na fase precoce da resposta inflamatéria
(GELFAND et al., 2005). Também encontra-se presente nos basofilos e plaquetas (KUMAR,
ABBAS; FAUSTO, 2005). Atuam sobre 0s vasos sanguineos e induz a contracdo das células
endoteliais através da ligacdo por seus receptores especificos, formando por consequéncia
lacunas interendoteliais. Isto resulta em dilatacdo dos vasos capilares, facilitando dessa forma
a migracdo de liquido que contém células (linfocitos especificos, mondcitos, neutrofilos,
celulas “natural killer” e eosintfilos) e proteinas do sangue (anticorpos especificos) para o

tecido circundante, ou seja, aumento da permeabilidade vascular (SHARON, 2000).

A serotonina (5-hidroxitriptamina) apresenta funcbes similares as da histamina e
encontra-se presente nas plaquetas, células enterocromafins e sistema nervoso central
(KUMAR; ABBAS; FAUSTO, 2005; BARMAN, 1997). Ainda, € um dos mediadores
quimicos responsaveis pela sensacdo da dor na inflamacdo, por meio da sua atividade sobre

neurdnios sensoriais (DRAY, 1995).
SISTEMA DAS CININAS

O Sistema das cininas produzem os peptideos vasoativos bradicinina, Lys-bradicinina
e Met-Lys-bradicinina, através da atividade das calicreinas sobre os cininogénios (COSTA et
al., 2001). A cascata que sintetiza as cininas € promovida pela ativagdo do fator XII da via
intrinseca da coagulacao, o fator de Hageman, ativadas pelo contato desse com o colageno ou
membranas basais (KUMAR; ABBAS; FAUSTO, 2005).



33

As cininas promovem diversas acdes inflamatorias, além da liberacéo de citocinas, ra-
dicais livres e prostanoides a partir de variadas ceélulas. Ademais, alteram o calibre vascular
através do estimulo de neurénios pos-simpéticos (DATTI et al., 2002), estimula a desgranula-
cao de mastocitos que por consequéncia liberam histamina; induz a producéo de prostaglandi-
nas e o extravasamento do plasma, provocam a contragdo muscular e dor (ALLER et al.,
2007; COSTA et al., 2001; GARRISON, 1991).

SISTEMA COMPLEMENTO

O sistema complemento é formado por um conjunto de proteinas, encontradas no soro
e na superficie celular, e bem como, por proteinas reguladoras, encontradas na membrana
celular ou no plasma (BERGER; DAHA, 2007; JANEWAY et al., 2002; KUMAR; ABBAS;
FAUSTO, 2005). Interagem entre si e com outras moléculas do sistema imune. Tem como
funcBes: ofertar opsoninas para a fagocitose; ativar e lisar as células; erradicar imunocomple-
xo0s, ofertar fatores quimiotaticos para ativacdo da migracdo celular na inflamacéo e atua co-
mo mecanismo efetor da resposta imune inata e humoral (JANEWAY et al., 2002; KUMAR;
ABBAS; FAUSTO, 2005).

A ativacdo do sistema complemento se da por cascata e pode advir por trés vias: clas-
sica, alternativa e das lectinas (JANEWAY et al., 2002; KUMAR; ABBAS; FAUSTO, 2005).

SISTEMA DE COAGULACAO

O sistema de coagulacdo ocorre através da ativacdo proteolitica de zimogenos por pro-
teases do plasma, levando a formacdo da trombina, que converte o fibrinogénio em fibrina. A
ativacdo da cascata de coagulacdo pode correr por duas vias: a intrinseca e a extrinseca (MA-
CFARLANE, 1964; DAVIE; RATNOFF, 1964).

Apdbs um dano endotelial no vaso, a trombomodulina é liberada e a trombina se liga ao
seu receptor. Esse complexo formado trombina-trombomodulina promove a ativagéo da Pro-
teina C, que forma uma complexo com a Proteina S no endotélio. A Proteina C ativada induz
a inibicdo da coagulacdo e ativa a via fibrinolitica. Todavia, a trombina ativa a via da proteina

C, provocando por feedback negativo, a inibi¢cdo da sua producéo (CICALA et al., 1998).
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METABOLITOS DO ACIDO ARAQUIDONICO

O é&cido araquiddnico (AA) consiste em um &cido graxo insaturado, composto por 20
carbonos e é encontrado esterificado nos fosfolipidios da membrana plasmatica (KUMAR,
ABBAS; FAUSTO, 2005). O AA liberado a partir da ativacdo da enzima fosfolipase A2 é
metabolizado pelas vias de cicloxigenase e lipoxigenase (RANG et al.,, 2007). Séo
encontradas duas isoformas de cicloxigenase: a COX-1 (constitutiva) e a COX-2 (induzida).
A COX-1 é sintetizada na maioria das células e produz prostaglandinas (PGs), que possuem
funcdo fisioldgica e o tromboxano A2 (TXAZ2) expresso nas plaquetas. A COX-2 é expressa
por neutréfilos, mondcitos, macrofagos, sinovidcitos e mastdcitos, e induzida por promotores
de citocinas ou tumor e por fatores de crescimento, gerando uma elevada quantidade de PGE2
e PGI2, que atuam no aumento da permeabilidade vascular e edema no foco inflamatério
(GOMES et al., 2009). Ainda é relatado a existéncia de uma terceira isoforma, a COX-3, que
ndo geraria eicosanoides pro-inflamatorios, mas produtos com acdo anti-inflamatéria
(SCHONBECK et al., 1999)-

CONSTITUINTES LISOSSOMAIS DOS LEUCOCITOS

Leucocitos como mondcitos e neutrofilos possuem granulos lisossémicos que podem
colaborar para processos inflamatdrios, como proteases acidas e basicas (KUMAR, ABBAS;
FAUSTO, 2005). Os neutrofilos, logo apds a adesdo ao endotélio vascular, migram para o
local infectado e liberam radicais livres de oxigénio e seus constituintes internos, bem como
os granulos de proteinas azuréfilos (BORREGAARD, 1997). Essas substancias liberadas por
granulos neutrofilicos sdo importantes, pois, as mesmas degradam moléculas, da matriz ex-
tracelular (elastina, fibronectina, colageno tipo 1V etc) podendo resultar em danos, como des-
truicdo do tecido (RAO et al.,, 1991; BORREGAARD et al., 1997). A mieloperoxidase
(MPO) é uma enzima encontrada principalmente nos granulos azurofilos dos neutréfilos e em
monacitos (LANZA, 1998).

RADICAIS LIVRES DE OXIGENIO

As espécies reativas do oxigénio (EROS) podem ser originadas a partir de estimulos
ambientais e/ou por células ativadas do processo inflamatério. Tais substancias provocam
oxidacdo de proteinas, podendo ocasionar insulto tanto por via direta ou indireta através da
formacéo de metabdlitos secundarios reativos (RAHMAN; MARWICK; KIRKHAM, 2004).
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As espeécies reativas de oxigénio atuam como substancias sinalizadoras e exerce papel
sobre a secrecdo de quimiocinas e citocinas, na proliferacdo celular e quando em niveis mais
elevados podem provocar dano e morte celular, pela modificacdo oxidativa de carboidratos e
proteinas e peroxidacdo de lipidios (LANDER, 1997).

FATOR DE ATIVACAO PLAQUETARIA

O Fator de ativagdo plaquetéria (PAF) é um mediador organico lipofilico, que, junta-
mente com a histamina e os leucotrienos € produzido e liberado por mastdcitos e plaquetas de
coelhos, cobaias e ratos (PARSLOW et al., 2001). De acordo com a literatura, o PAF é carac-
terizado como mediador de processos inflamatorios agudos, respostas sistémicas ao choque e
reacOes alérgicas (KAMINSKI et al., 1990).

QUIMIOCINAS

As quimiocinas fazem parte de um grupo de citocinas de 8 a 12kDa, com capacidade
de induzir a migracdo celular, de influenciarem no acimulo de leucdcitos nos tecidos com
processos inflamatdrios em interacdo com as células residentes no tecido (WALLACE et al.,
2008). Por isso, elas possuem a capacidade de controlar a evolugdo natural da resposta infla-
matdria. Dessa forma, a producdo de citocinas de forma insistente no foco inflamatério é fun-
damental para o desencadeamento de uma doenca cronica ou tumor (WAHL; KLEINMAN,
1998). Sdo citocinas com alta especificidade para recrutamento de populacdes especificas de
leucdcitos e sdo divididas em quatro familias de acordo com a sequéncia de residuos de ciste-
ina: CXC, CC, C e CX3C (BEN-BARUCH, 2006).

CITOCINAS

A liberacdo de citocinas pré-inflamatorias (IL-1, IL-6, IL-8, IL-12 e TNF— o) caracte-
riza a fase aguda do processo inflamatério. Cada citocina apresenta papel fundamental sobre a
resposta inflamatdria na fase aguda. As citocinas TNF - a e a IL-1p dao inicio a cascata in-
flamatdria (UHLAR et al., 1997). As citocinas anti-inflamatorias TGFp, 1L-10, IL-4, IL-5

colaboram para a homeostase na inflamacéo (FRANKE et al., 2002).

Carswell e colaboradores (1975) identificaram o potencial que 0 TNF-o tem em pro-
vocar necrose hemorragica em certos tumores e de induzir a caquexia durante quadro de in-
feccdo cronica. E um agente quimiotatico para monécitos e neutrofilos, induz a fagocitose,

sintese de superoxido e adeséo ao endotélio;estimula a producdo de quimiocinas KC e MIP 2
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e ainda é associada a promocdo hipernocicepcdo inflamatéria (CAMUSSI et al., 1991;
ZHANG et al., 2001; CUNHA et al., 2007). Essa citocina pode ser sintetizada por linfdcitos,
mondcitos ou macréfagos ativados (BINGHAM, 2002).

A interleucina-1 (IL-1B) ¢ sintetizada por neutrofilos e monocitos/macrofagos, atua
sobre o sistema imunitario e também pode atuar em outros, como por exemplo, o sistema ner-
voso (SPULBER; SCHULTZBERG, 2010). Agem como um significativo desencadeador da
migracao de leucdcitos e € uma das responsaveis pela inducédo da expressao da molécula de
ades&o ICAM — 1 e da IL-6, de forma sinérgica com o TNF - a (BENINCA et al., 2007; LE-
MAY et al., 1990). Essa atuacdo sinérgica promove a hipernocicepcao inflamatéria (CUNHA
etal., 2007).

OXIDO NITRICO

O 6xido nitrico (NO) é uma molécula gasosa e com carater lipofilico e hidrofobico
(KATAYAMA, 1995). E produzido a partir da conversio do aminoacido L-arginina em L-
citrulina por processo oxidativo pela enzima oxido nitrico sintase (NOS) (MAYER; HEM-
MENS, 1997). S&o identificadas trés isoformas da enzima NOS chamadas de sintases, onde
duas sdo expressas de forma constitutiva: endotelial (eNOS) e neuronal (nNOS); e, apenas
uma € induzida, chamada de iINOS (MONCADA et al., 1995; STRIJDOM; CHAMANE;
LOCHNER, 2009). Alguns estudos demonstram a presenca de uma NOS funcional nas mito-
condrias (MtNOS) e esta enzima é ativada de forma constitutiva e possui papel fundamental
na respiragdo mitocondrial e metabolismo celular do oxigénio (PODEROSO et al., 1999).

2.5. Eventos vasculares da resposta inflamatdria

Em condi¢cbes homeostaticas, as proteinas plasmaticas e células circulantes estdo
presentes no interior dos vasos e no sentido do fluxo sanguineo. Sob um estimulo
inflamatorio, tais vasos sofrem modificacdes, contribuindo dessa forma para a passagem de
proteinas plasmaticas e células da circulagdo para o foco inflamatério (KUMAR; ABBAS;
FAUSTO, 2005).

A fase aguda da resposta inflamatoria progride a partir da etapa vascular que tem
inicio pelas células residentes no tecido logo ap6s o dano. Ap6s um insulto ao endotélio,

ocorrem vasodilatacdo e aumento da permeabilidade capilar mediados por histamina,
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serotonina, aminas vasoativas produzidas e liberadas por mastocitos e monocitos apos a
agressdo (CRUVINEL et al., 2010). O aumento da permeabilidade vascular pode acontecer
por diferentes mecanismos, 0 que dependera dos receptores ativados no endotélio ou da

agressdo ocorrida no vaso sanguineo.

Mediadores e determinadas células apresentam atuacdo fundamental nos eventos
vasculares durante a inflamacdo: a histamina e leucotrienos provocam contracdo no endotélio;
o fator de necrose tumoral alfa (TNF-a) ¢ interleucina-1 (IL-1) possui participacdo na
reorganizacdo citoesquelética endotelial; o fator de crescimento do endotelial vascular
(VEGF) provoca aumento da transcitose e neo vascularizagdo e também extravasamento
de liquidos; agente agressor ou leucdcito promovem lesdo vascular direta e extravasamento de

liquidos.

O exsudato inflamatério é composto por varios mediadores quimicos (sistema do
complemento, da coagulacdo, fibrinolitico e das cininas) que atuam sobre células adjacentes e
no préprio leito capilar (KUMAR, ABBAS; FAUSTO, 2005). Primeiramente migram do leito
capilar os eletrdlitos e micro-moléculas, formando o transudato e em seguida, moléculas
maiores como fibrinogénio e albumina compdem o exsudato. Em seguida, ocorre a evasdo de
proteinas, agua e alguns componentes do sistema complemento para o espaco extravascular e

marginalizagdo de leucdcitos.

O endotélio ativado expressam moléculas de superficie que contribuem para a
aderéncia leucocitaria e migracdo para o foco. Os macrofagos residentes local lesionado
liberam citocinas (IL-1 e TNF-a) e quimiocinas (FUITWARA; KOBAYASHI, 2005). A
evolucdo e duracdo desses processos inflamatdrios dependerdo da tenacidade do agente
agressor (ABBAS, 2008).

2.6. Moléculas de adesdo de membrana envolvidas na migracao leucocitaria

A migracdo leucocitéria para o sitio inflamatério se da pela interacdo dos leucdcitos
com as células do endotélio, por meio da expressdo de proteinas, chamadas moléculas de ade-
séo. Os mediadores inflamatorios e quimiotaticos s&o responsaveis por promover um aumento
nas interagdes entre células endoteliais e neutrofilos e dessa forma facilitar a migragéo para o
foco inflamatério (MCEVER, 1991).
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Normalmente, as células circulam no centro do vaso, no qual a resisténcia é menor e a
velocidade, maior. Durante a vasodilatacdo, as células circulantes chocam-se com mais fre-
quéncia com as células endoteliais ativadas que expressam em sua superficie moléculas ade-
sivas. Ainda, a velocidade do fluxo sanguineo diminui devido a vasodilatacdo. As células do
endotélio sdo ativadas por subprodutos de microrganismos, histamina, leucotrieno B4, com-
ponentes ativados do sistema complemento, citocinas, fatores da coagulacdo (PANES et al.,
1999).

As selectinas sdo glicoproteinas encontrada em leucdécitos (L-selectina), endotélio (E-
selectina e P-selectina) e plaquetas (P-selectina). Elas se ligam a moléculas glicolisadas exis-
tentes na superficie celular e facilitam a fixagdo inicial de leucdcitos as membranas endoteli-
ais (LEY et al., 2007; LUSTER et al., 2005). Essas fracas ligacGes permitem a desaceleracao
e rolamento dos leucdcitos no leito do vaso sanguineo (RANKIN, 2004). Outras familias de
moléculas também participam do mecanismo de ades&o, chamadas imunoglobulinas e integri-
nas (PANES et al., 1999). A familia das imunoglobulinas (ICAM-1 e ICAM-2) e das P-
integrinas (CD11a/CD18 e CD11b/CD18) sdo responsaveis pelo ancoramento e adesdo mais
firme ao endotélio (RANKIN, 2004).

As quimiocinas direcionam para o sitio inflamatorio os leucécitos que por meio de
pseuddpodes percorrem a membrana basal e migram para o intersticio (CRONSTEIN; WEIS-
SMAN, 1993). A migracdo e o0 extravasamento dos leucdcitos sdo dependentes de quimioci-
nas como IL-8 e MCP-1, que sdo sintetizadas nos focos de infeccdo e interagem com o0s pro-
teoglicanos na matriz extracelular e com moléculas semelhantes na superficie das células
endoteliais. Os macréfagos ativados liberam 1L-8, que atrai neutr6filos que por consequéncia
sdo induzidos a infiltrar o tecido inflamado. Ainda, 0 MPC-1 promove o recrutamento de cé-
lulas T, NK, dendriticas e mondcitos (ABBAS; LICHTMAN; PILLAI ,2003).

2.7. Marcadores da resposta inflamatoria da fase aguda

As proteinas de fase aguda (PFA's) sé@o biomoléculas presentes no sangue que podem
ser utilizadas como marcadores indicadores de disturbios sisttmicos. Sua producéo ocorre nos
hepatdcitos e é estimulada por citocinas (CERON et al., 2005). Proteinas que tém sua con-
centracdo aumentada no plasma sdo denominadas proteinas de fase aguda positivas, no entan-

to, as que tem producdo diminuida sdo chamadas de proteinas de fase aguda negativas, estas
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objetivam disponibilizar substratos para as primeiras (CECILIANE et al., 2002; LYOUMI et
al., 1998).

As proteinas da fase aguda positivas auxiliam na regulacdo da magnitude da inflama-
cao das seguintes maneiras: pela remog¢do de microrganismos e metabdlitos celulares, remo-
delamento celular, agdo de proteases, ativacdo do sistema complemento, controle antitrombo-
tico, da expressdo génica, da hemostasia estimulado pelas células inflamatorias e da atividade
de enzimas proteoliticas e ativacdo da inflamacao local (CECILIANE et al., 2002; HEIN-
RICH et al., 1990). Com relacdo as proteinas de fase aguda negativa, elas podem ter sua pro-
ducédo diminuida devido a necessidade hepatica em aumentar a producdo das proteinas de fase
aguda positiva, por requerer uma maior disponibilidade de aminoacidos (aa). Também sua
diminuicdo no plasma pode estar relacionada a inibi¢do hepatica da sintese do RNAm da pro-
teina negativa, mediada por citocinas (MARGARSON; SONI, 1998). As PFA'S podem ser
classificadas em : classe | — Proteina C-Reativa (PCR), hepatoglobina, amiloide sérica A
(SSA), a-1-glicoproteina acida (AGP), Hemopexina, Hepatoglobina, que s&o reguladas prin-
cipalmente por IL-1, ou IL-1/IL-6 e glicocorticoides; classe Il — a-1 antitripsina, fibrinogénio
e a-1 antiquimotripsina, regulados prioritariamente pela IL-6 e glicocorticoides (LYOUMI et
al., 1998).

A injuria tecidual ativa a liberacdo de citocinas pré-inflamatérias como a IL-1 e IL-6,
TNF-a e IFN-y. Elas atuam no figado, induzindo a producao das PFA's e por consequéncia
um aumento ou diminuicdo nos seus niveis séricos. Durante um processo inflamatorio, uma
PFA pode aumentar suas concentracdes séricas em cerca de 25% (KJELGAARD-HANSEN;
JACOBSEN, 2011). Durantes eventos inflamatorios e infecciosos, as PFA's tem seu nivel

aumentado no soro e se reduzem em reposta ao tratamento.

2.8. Tecido adiposo

O tecido adiposo é um tipo de tecido conjuntivo, composto por adipécitos, pré-
adipdcitos, macrofagos, leucdcitos, fibroblastos e células endoteliais (GUILHERME et al.,
2008). E considerado o principal reservatorio energético a longo prazo, contudo, ainda exerce
papel como érgdo enddcrino secretador de proteinas chamadas adipocinas (OUCHI et al.,
2011; FERNANZED-SANCHEZ et al., 2011). S&o classificados anatomicamente em tecido
adiposo visceral (TAV) e subcutaneo (TAS).
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O TAV é metabolicamente mais ativo e situa-se principalmente no interior da cavida-
de abdominal. Atua como promotor eficaz da lipélise e liberacdo de &cidos graxos, apresenta
maior resisténcia a insulina e secreta em maior quantidades adipocinas pré-inflamatorias (an-
giotensina |, resistina, PAI-1, IL-6 e PCR). Representa entre 10-20% da gordura corporal
total de homens e entre 5-10% de gordura total em mulheres. O TAS encontra-se localizado
na regido abdominal e gluteo-femoral e sintetiza maior quantidade de leptina e ASP. Repre-
senta cerca de 80% da massa de gordura total nos individuos em condigdes saudaveis (POR-
TER et al., 2009; KAMINSKI; RANDAL, 2010).

De acordo com sua morfologia celular, o 6rgéo adiposo é classificado em: tecido adi-
poso marrom ou multilocular (TAM), tecido adiposo branco ou unilocular (TAB). O TAB é
encontrado em varias regifes e tem como funcdes o armazenamento de energia sob forma de
triglicerideos, protecdo contra choques mecanicos, manutencao da temperatura e secrecdo de
adipocinas (FONSECA-ALANIZ et al., 2006). Sdo compostos por adipdcitos (50%) e o res-
tante de tecido conjuntivo e nervoso, leucécitos, macréfagos, fibroblastos, nddulos linfaticos,
células mesenguimais e pré-adipocitos (AHIMA; FLIER, 2000).0 TAM ¢é predominante em
criangas mas também presentes em adultos. A coloragdo escura € justificada pela presenca da
enzima citocromo oxidase encontradas no interior das mitocondrias (CANNON; NEDER-
GAARD, 2004). Desempenha atividade termogénica e portanto, regulacdo da temperatura
corporal (JUNQUEIRA, 2004; COSTA, 2005).

2.9. Inflamacéo do tecido adiposo na obesidade

A obesidade é uma doenca cronica caracterizada pelo aumento de massa adiposa e
atualmente encontra-se bem descrita a correlacdo entre complicagfes metabolicas e desnivel
dos marcadores inflamatoérios no tecido adiposo. As adipocinas sdo marcadores inflamatorios
sintetizados no tecido adiposo possuem funcdo hormonal, metabdlica e atividade pré e anti-
inflamatoria (OUCHI et al., 2011). Séo proteinas de baixo peso molecular e participam da
inflamacéo e resposta do sistema imune (CARVALHO et al., 2006).

Alteracdes nos perfis de adipocinas causadas pelo excesso de adipdcitos podem desen-
cadear doencas metabdlicas como resisténcia a insulina, diabetes mellitus do tipo 2 e doencas
cardiovasculares (LEAL Vde; MAFRA, 2013). Os adipécitos podem sofrer hiperplasia e hi-

pertrofia, devido ao processo de remodelagem continua, evento fisioldgico, mas que de forma



41

desregulada pode provocar o recrutamento exacerbado de macréfagos devido ao excesso de
morte celular. Os macréfagos séo sinalizados por quimiocinas para o foco inflamat6rio com o
objetivo de fagocitar restos celulares (PATEL et al., 2013; HARFORD et al., 2011; LEE et
al., 2010).

A obesidade é caracterizada como um estado de inflamacdo crénica de baixo grau,
com presenca de infiltracdo de macrofagos no tecido adiposo. Os macrofagos do tipo M1 ou
classicamente ativados possuem perfil de citocinas pro-inflamatérias (TNF, IL-6 e IL1p). Ja
os macréfagos do tipo M2 ou alternativamente ativados, apresentam fatores anti-inflamatorios
(IL-10, TGFp). Estudos sugerem que a obesidade promove a alteragdo do fendtipo de macro-
fagos M2 para M1 e por consequéncia, aumento na producdo de citocinas pré-inflamatorias
(KALUPAHANA et al., 2012).

Concomitante ao aumento de tecido adiposo, ocorre uma aumento na sintese de adipo-
cinas inflamatérias, como TNF-a e IL-6 (CARVALHO et al., 2006). Essas proteinas sdo pro-
duzidas em resposta a estimulos infeciosos ou inflamatérios (MARTINEZ; ALVAREZ-
MON, 1999). O nivel circulante de muitas citocinas e proteinas de fase aguda sdo encontradas
em niveis aumentados nos individuos obesos. Os adipdcitos secretam diversas delas e provo-
cam direta e indiretamente a producdo e circulacdo de moléculas associadas a inflamacao
(TRAYHURN, 2007; BULLO, 2003).

2.10. Marcadores inflamatérios na obesidade

O marcador € uma variavel que pode ser utilizado para medir ou avaliar o estado fisio-
patoldgico de um individuo, podendo ser quantificado em uma variedade de amostras biologi-
cas (urina, sangue, tecido) (CASELLA FILHO et al., 2003).

De acordo com sua funcdo, as citocinas podem ser classificadas em: pro-inflamatorias
(IL-1B, IL-6, IL-8, TNF — a, IFN, IL-2, quimiocinas) ou anti-inflamatérias IL-4, 1L-10, I1L-13,
IL-1a (BELOTTO, 2011). Volp et al., (2008) relatam que é no tecido adiposo que ocorre a
maior producédo de citocinas, associando também a maior libera¢do dessas proteinas em indi-
viduos obesos. Essas citocinas sdo denominadas adipocinas, também produzidas em outros
tecidos (COSTA; DUARTE, 2006).
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Dentre as principais citocinas estdo o TNF-a, a IL-6, e a leptina, classificadas como
pro-inflamatorias e a adiponectina como anti-inflamatoria. Essas citocinas caracterizam a obe-
sidade como inflamacéo cronica (PRADO et al., 2009). A inflamacdo de baixo grau cronica é
caracterizada pela elevacgdo de 2-3 vezes acima do nivel basal de IL-1, IL-6, IL-1RN, TNF-aq,
STNF-R e proteina C-reativa (PCR) (VOLTARELLI et al., 2010).

O conceito de inflamagéo associado a complicacGes metabdlicas como obesidade e re-
sisténcia insulinica iniciou-se em meados de 1993, quando estudiosos demonstraram que as
células do tecido adiposo sintetizava 0 TNF-o e que em animais obesos estava elevada e ainda
que a inibicdo desta citocina diminuia a resisténcia insulinica. Outros trabalhos similares de-
monstram que 0 excesso de adipdcitos resulta em uma inflamacéo cronica pelo aumento de
IL-6, PAI-1 e TNF-a (CARVALHO et al., 2006). Este nivel aumentado de IL-6 poderia es-
timular a sintese hepética de triacilglicerol, colaborando para a hipertrigliceridemia relaciona-
da & obesidade visceral (GUIMARAES et al., 2007). O TNF-o é uma citocina inflamatéria,
ndo sé produzida no tecido adiposo, bem como no muscular e linfoide (MONTANI et al.,
2002).

2.11. Nimesulida

A nimesulida (N-(4-nitro-2-fenoxifenil) metanossulfonamida) (Figura 1) é um anti-
inflamatdrio ndo esterdide que possui atividade analgésica, antipirética e anti-inflamatdria
(DELLIS et al., 2007). E um alquilssulfonamida, protdtipo da classe das metassulfonamidas
(LEVAL et al.,, 2000). Difere quimicamente dos demais farmacos da classe de anti-
inflamatorios ndo esteroides (AINES) devido a presenca do grupamento sulfonanilida
(RANG; DALE; RITTER; 2000).

N
o= TSp

Figura 1: Estrutura quimica da nimesulida (FONTE: RUELA et al., 2009)
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A nimesulida apresenta um carater fracamente acido com pKa de 6,56 (SINGH et al.,
1999), e baixa solubilidade em agua (10 pg/mL) (PIEL, 1997). E um p0 cristalino amarelado
e também apresenta polimorfismo (SWEETMAN, 2007).

O mecanismo de acdo da nimesulida se da pela inibicdo da enzima cicloxigenase do
tipo 2, devido a interagdo do grupo sulfonamida da molécula do medicamento com o residuo
de arginina em cavidade hidrofilica da enzima. Estudiosos sugerem que a nimesulida pode ter
maior seletividade para a COX-2 em virtude do maior volume do seu grupo metilsulfonamida
(MICHAUX; CHARLIER, 2004). Os AINES, bem como, a nimesulida, ligam-se a proteinas
plasmaéticas (95%), principalmente a albumina e se concentram principalmente no plasma
sanguineo (DAVIS; BROGDEN, 1994).

A nimesulida pode ser administrada por via oral com dose de 100mg, via retal
(200mg) e via topica sob forma de gel 3%. Também tem sido utilizada a nimesulida comple-
xada com betaciclodextrina (CARVALHO, 2010; SWEETMAN, 2007). A absorc¢do da nime-
sulida ocorre de forma rapida (2-3 horas) no trato gastrointestinal apds a administracdo de um
dose de 100mg. Por via oral, a absorcao é quase completa e administrada em conjunto com
alimentos ha uma reducdo em sua velocidade, contudo o volume da absorcdo se mantém
(BERNAREGGI, 1993).

E indicado para o tratamento de processos inflamatorios osteo-articulares e mésculo-
esqueléticos associados com a liberacéo de prostaglandinas (CARVALHO, 2010). Como efei-
tos adicionais, a nimesulida ainda reduz a producao de citocinas; aumento do CAMP intracelu-
lar; diminui a produgdo de enzimas de degradacdo e casualmente a ativacdo de receptores
glicocorticoides, inibe a liberacdo de histamina, elastase e metaloproteinase e sintese do fator
de ativacdo plaguetaria (PAF) por neutréfilos, induz a apoptose de condrécitos e entre outras
células do tecido conjuntivo nos casos de osteoartrite, ativa receptores de glicocorticoides,
inibe a adesdo e funcdo de neutrofilos; apresenta atividade antioxidante (BRUNTON et al.,
2008; KULKARNI, 2002; SULEYMAN et al., 2008; RAINSFORD, 2006; ROBERTS;
MORROW, 2005).
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3. JUSTIFICATIVA

A epidemia da obesidade é um problema global que vem aumentando substancialmen-
te nas ultimas décadas. O marketing exacerbado de alimentos hipercaldricos e o desequilibrio
entre 0 consumo e gasto energético sdo supostos fatores responsaveis pela problematica mun-
dial. Ainda, encontra-se bem relatado na literatura as implicacdes negativas que a ingestdo de
alimentos hipercaloricos durante a gestacdo e lactacdo pode provocar na saude da sua prole,
pois, 0 ambiente intrauterino exerce papel crucial na programacdo metabdlica dos 6rgdos dos
descendentes. Devido a condicdo de inflamag&o cronica de baixo grau, os individuos obesos
apresentam maior nivel de mediadores pré-inflamatorios que se, ultrapassa o limiar da norma-
lidade pode desencadear processos inflamatorios graves. Para neutralizar o nivel desses medi-
adores pré-inflamatorios, os anti-inflamatdrios atuam na terapéutica pela sua atividade anal-
gésica e antipirética, sendo a classe dos anti-inflamatdrios ndo esteroidais (AINES) os mais

utilizados mundialmente, como por exemplo a Nimesulida.

Nesse contexto, os resultados da presente pesquisa poderdo ser utilizados como base
cientifica para melhor entendimento sobre o impacto que a dieta ocidentalizada administrada
em periodos cruciais de desenvolvimento (gestacdo, lactacdo e pos-desmame) pode provocar
na fase aguda da resposta inflamatéria e na eficacia farmacoldgica da Nimesulida visando
uma melhor compreensdo acerca do tema, construcdo de novas estratégias terapéuticas, com
ampliacdo da atencdo a satde de individuos obesos, especialmente das gestantes e articulacao

de politicas publicas que objetivem qualificar o sistema de salde.
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4. OBJETIVOS

4.1. Objetivo Geral

Avaliar a fase aguda da resposta inflamatoria e a eficicia farmacologica da nimesulida
na prole adulta de ratos Wistar proveniente de matrizes alimentadas com a dieta ocidentaliza-

da durante a gestacdo e lactacdo e/ou pos-desmame.

4.2. Objetivos especificos
- Determinar nos ratos alimentados com dieta padrao ou “ocidentalizada” do

desmame até 60 dias:
° Consumo alimentar a cada dois dias;
o Evolucdo ponderal semanal.

- Avaliar a partir do 60° dia vida dos nos ratos alimentados com dieta padréo ou

“ocidentalizada”:
° A severidade da resposta inflamatoria aguda;
° Os niveis de TNF-a e IL-6;
° Atividade da mieloperoxidase (MPO);

° O efeito da nimesulida sobre o edema de pata induzido por carragenina.
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5. MATERIAL E METODOS

5.1. Local de estudo

O presente trabalho foi realizado no Laboratério de Produtos Bioativos (LFPB) do
Departamento de Fisiologia e Farmacologia e no Laboratorio de Nutricdo Experimental e
Dietética do Departamento de Nutrigdo, localizados na Universidade Federal de Pernambuco

— UFPE, no campus Recife.

5.2. Modelo experimental

Foram utilizadas 20 ratas albinas primiparas da linhagem Wistar e sua prole composta
por 30 ratos machos oriundos da colbnia de criacdo do Departamento de Nutricdo da
Universidade Federal de Pernambuco. Os animais foram acasalados na proporcdo de um
macho (n=10) para duas fémeas (n=20), mantidos em biotério de experimentacao e alojados
em gaiolas de polipropileno com dimensdes de 46x31x21 cm (CxLxA) em um ambiente com
temperatura de 22 + 1°C, ciclo claro-escuro invertido de 12/12 horas e agua filtrada e racao ad

libitum.

O protocolo experimental foi aprovado pelo Comité de Etica em Experimentacio
Animal do Centro de Ciéncias Bioldgicas da Universidade Federal de Pernambuco (Protocolo
n° 23076.003.845/2015-63).

5.3. Dieta

A dieta “ocidentalizada” (DO), caracterizada por possuir maiores valores de lipidios
saturados que a dieta padrdo (DP), foi elaborada a partir da mistura de alimentos
hipercaldricos triturado, formando pellets. A composi¢do da DO ja se encontra descrita em
estudos anteriores do grupo (FERRO CAVALCANTE et al., 2013; FERRO CAVALCANTE
et al., 2014) e desenvolvida a partir da pesquisa de or¢gamento familiar (POF) (IBGE, 2011).
Também foi utilizado o Mix de mineral AIN-93G-MX (Rhoster®) essencial para a etapa de
crescimento do desmame até os 60 dias de vida. A composicdo percentual centesimal dos

macronutrientes das dietas utilizadas encontra-se descrita na tabela 1.
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Tabela 1: Macronutrientes segundo o Valor Energético Total (VET) da dieta padrdo (Presence®) ou
ocidentalizada.

Proteina (% kcal VET) Carboidrato (% kcal VET) Lipidio (% kcal VET)  VET (kcal/g)

Ocidentalizada* 20 49 32 4,2

Presence ** 26 63 11 3,6

*Os célculos da composicdo centesimal de macronutrientes foram baseados nas informagdes nutricionais enviadas pela
empresa fornecedora dos produtos e na Tabela Brasileira de Composicéo de Alimentos (TACO).

**Determinado pelo Instituto Adolfo Lutz, 1985.

5.4. Direcionamento nutricional

A partir do 1° dia de gestacdo (confirmada pela presenca de espermatozoides no
esfregaco vaginal), as matrizes foram divididas aleatoriamente em dois grupos: 1) DPgl - que
permaneceram recebendo a DP de biotério (Presence®) durante a gestacdo e lactacdo e 2)
DOgl que passaram a receber DO durante a gestacdo e lactacdo. No 21° de lactacdo, somente
os filhotes machos (n=30) permaneceram no experimento. Em seguida, segundo a
manipulacdo nutricional, as proles foram divididas de forma aleatéria em quatro grupos: i)
DPgl-DP - prole das matrizes que receberam a DP durante a gestacdo e lactacdo e
permaneceram com a mesma no poés-desmame até o 60° dia de vida; ii) DOgI-DO - prole das
matrizes que receberam DO durante a gestacdo e lactacdo e continuaram com a mesma no
pos-desmame até o 60° dia de vida; iii) DPgl-DO - prole de matrizes que receberam DP
durante a gestacdo e lactacdo, mas que passaram a consumir DO no pos-desmame até o 60°
dia de vida e iv) DOgI-DP - prole das matrizes que receberam DO durante a gestacdo e
lactacdo, mas que passaram a receber DP no pds-desmame até o 60° dia de vida. Aos 60 dias
de vida, as proles foram subdivididas em grupos (n=5), de acordo com a manipulagéo
nutricional, para avaliagdo da intensidade da resposta inflamatéria e do efeito anti-

inflamatdrio da nimesulida, conforme esquema apresentado a seguir:
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Prole DPgl-DP Prole DOgl-DO Prole DOgl-DP Prole DPgl-DO
n=10 n=5 n=5
A N P4 N
DPgl-DP DPgl-DPn DOglI-DO DOgl-DON
nimesulida
CMC (5mg/kg; CMC nimesulida
(5ml/kg; i.p.) i.p.) (5ml/kg; i.p.) (5ml/kg; i.p.)
n=5 n=5 n=5 n=5

Figura 1: Distribui¢do dos grupos experimentais. CMC — Carboximetilcelulose (0,5%).

Avaliacdo da resposta inflamatoria aguda e do efeito anti-inflamatorio da nimesulida na
prole adulta de ratas alimentadas com DP ou DO durante a gestacéo e lactacdo — Edema de

pata induzido por Carragenina (Winter et al., 1962)

Para o estudo da resposta inflamatoria aguda, os grupos DPgl-DP, DOgl-DO, DPgl-
DO e DOgl-DP foram subdivididos em seis grupos (n=5): 1) controles - (DPgl-DP, DOgl-
DO, DPgl-DO e DOgl-DP) e 2) tratados com nimesulida, (DPgl-DPn, DOgl- DOn). Em
sequida, dois experimentos foram realizados: No experimento A, 0s animais dos grupos
DPgl-DP, DOgl-DO, DOgl-DP
carragenina tipo IV (0,1 mL - 1% w/v em salina) na pata traseira esquerda. No experimento

e DPgl-DO receberam uma inje¢do subplantar de

B, os grupos DPgl-DPn e DOgl-DOn, foram submetidos aos mesmos procedimentos
descritos acima, porém, ao invés de uma solucéo de carboximetilcelulose (0,5% w/v em agua
destilada), os grupos foram previamente tratados com nimesulida (5mg/kg, i.p) 45 min antes
da injecé@o subplantar do agente edematogénico (carragenina). O volume da pata injetada foi
medido em pletismdmetro digital (Panlab — Harvard Apparatus, Modelo LE 7500) antes (0O
min) e 30, 60, 120, 180 e 240 minutos apos a injecdo da carragenina. A variacdo do volume
das patas foi expressa em mililitros pela diferenca registrada no volume das patas antes (O
min.) e apos a injecdo do agente edematogénico ao final de cada intervalo de tempo. A
intensidade da resposta inflamatoria (volume do edema) exibida pelos grupos DOgI-DO,

DOgl-DP e DPgl-DO foi comparada a do grupo DPgl-DP. A atividade anti-edematogénica da
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nimesulida nos grupos DPgl-DPn e DOgI-DOn foi calculada de acordo com a formula

abaixo, em termos de porcentagem de inibicao:

Percentagem de inibicdo = 1- Vt/VV¢ X 100, onde Vt e V¢ correspondem a média das
diferencas resultantes das medidas das patas nos grupos tratados com nimesulida (DPgl-DPn
e DOgl-DOn) e controle (DPgl-DP e DOgI-DO). No final dos experimentos, foram coletadas
amostras de sangue para avaliacdo das varidveis bioquimicas e hematologicas e a regido
subplantar da pata esquerda dos animais para a quantificacdo das citocinas (IL-6 e TNF-a) e

da mieloperoxidase (MPO).
Determinacgéo do consumo alimentar

O consumo alimentar das matrizes durante a gestacdo e lactacdo e de suas proles no
periodo pos-desmame até os 60 dias de vida foi avaliado a cada 2 dias e calculado através da
subtracdo do peso inicial da alimentacdo ofertada pela sobra da gaiola no periodo de 48

horas.
Determinacéo da evolucao ponderal

A aferigédo do peso corporal foi realizada semanalmente nas matrizes durante a gestagao

e lactacdo e em suas respectivas proles ao nascimento e aos 212 dia vida até 602 dia de vida.

Determinacéo do perfil bioquimico e hematoldgico

Aos 60? dia de vida, os animais foram colocados em jejum por 10 horas e submetidos a
inducdo do edema de pata. Ap6s o término da realizacdo dos experimentos, 0s animais foram
anestesiados com tiopental (30mg/kg) para obtencdo de amostras de sangue (5mL) durante a
decapitacdo por guilhotina para determinacdo de varidveis bioquimicas (Albumina sérica e
Proteina C Reativa (PCR)) e hematoldgicas (contagem total e diferencial dos leucdcitos). A
amostra foi centrifugada para obtencédo do soro e armazenado em freezer -20°C para posterior
analise das proteinas de fase aguda. A determinacgdo de albumina foi realizada no Laboratério
Central do Hospital das Clinicas da Universidade Federal de Pernambuco e para Proteina C
Reativa foi utilizado kit comercial especifico para ratos (Boster Biological Tecnology Co.,
Ltd., Fremont, California, EUA).

Para a determinagdo do nimero total de leucdcitos e contagem diferencial, foi utilizado
0 método automatizado, realizados no Laboratorio Central do Hospital das Clinicas da
Universidade Federal de Pernambuco.
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5.5 Avaliacbes Post mortem

Dosagem de IL-6 e TNF-a em homogenato da regido subplantar

Ap0s a eutanasia dos animais, foi realizada a retirada de tecido da regido plantar das
patas dos ratos apés 4 horas de injecdo do agente edematogénico Carragenina e
homogeneizadas 500uL de solu¢do tampdo. Para a caracterizacdo dos niveis de TNF-a ¢ IL-6
foi empregado o método ELISA sanduiche indireto utilizando-se kits comerciais especificos
(Boster Biological Tecnology Co., Ltd., Fremont, Califérnia, EUA). As amostras foram
testadas em duplicata e os resultados gerados através da comparacdo da absorbancia com as

curvas padroes.
Atividade da Mieloperoxidase

A mieloperoxidase (MPO) é uma enzima presente nos granulos azurdfilos dos
neutrdfilos e tem sido utilizada como marcador para quantificacdo de migracao de neutréfilos
em processos inflamatdrios em diversos tecidos. Para avaliar a infiltracdo celular para o sitio
inflamatdrio através da quantificacdo da mieloperoxidase (MPO), foram utilizadas amostras
da regido subplantar da pata edemaciada dos animais, coletadas e armazenadas em 500pL de
tampdo HTAB (brometo de hexadeciltrimetilaménio pH 6,0, 1g/ml) a 0,5% em um freezer de
-80°C. Para analise, as amostras foram homogeneizadas em um Politron (Teclab®) com
tampdo HTAB. Em seguida, 0 homogenato foi centrifugado a 14.000 rpm por 10 minutos a
4°C e o sobrenadante coletado. A atividade da mieloperoxidase por mL de tecido foi
mensurada através da técnica descrita por BRADLEY et al., (1982). Foram distribuidos 7uL
de sobrenadante em placa de 96 pocos. A seguir, foi adicionado 200uL de solugdo de o-
dianisidina por poco (16,7mg de o-dianisidina; 90mL de agua MilliQ; 10 mL de tampéo
fosfato de potéssio). Foi utilizado como substrato para MPO o peréxido de hidrogénio a 1%.
A unidade da atividade de MPO foi definida como aquela capaz de converter 1umol de
per6xido de hidrogénio em &gua em 1 minuto a 22°C. A medida que o perdéxido de
hidrogénio é degradado, ocorre a producéo de &nion superdxido que converte a o-dianisidina
em um composto de cor marrom. Os resultados foram expressos como atividade de MPO/

mL.
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5.6. Analise estatistica

Os resultados obtidos foram expressos em média + desvio padrdo. Para avaliagdo do
peso corporal, volume do edema, intensidade da resposta inflamat6ria aguda e percentagem
de inibicdo de edema pela nimesulida foram utilizados o teste ANOVA two-way, seguido de
teste de Bonferroni. Foi utilizado o teste t-Student para avaliacdo do peso das maes durante a
gestacdo e lactacdo. Para comparacéo entre os grupos e analise dos parametros hematoldgicos
e bioguimicos, quantificacdo de citocinas e da atividade da mieloperoxidase foram utilizados
o0 teste ANOVA one-way seguido do teste de Tukey. A analise estatistica foi realizada no
software Graphpad Prism Software Prisma® 5.0. Foi considerado para fins estatisticos o

nivel de significancia p<0,05 (5%).
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6. CONCLUSOES

De acordo com os resultados obtidos, concluimos que:

. A dieta ocidentalizada provocou reducdo no consumo alimentar e aumento no ganho

de peso corporal dos ratos Wistar;

. A dieta ocidentalizada consumida por matrizes durante a gestacao e lactacdo ndo indu-
ziu aumento no peso corporal do nascimento da prole, bem como no seu peso aos 222 dia de

vida, verificado pela similaridade de pesos entre 0s grupos;

O consumo da dieta ocidentalizada durante periodos cruciais de desenvolvimento (ges-
tacdo, lactacdo e pos-desmame) promoveu alteragdo na intensidade da resposta inflamatéria

aguda;

As concentracBes séricas de PCR e albumina ndo sdo alteradas com o consumo da

dieta ocidentalizada;

O nudmero total e diferencial de leucécitos ndo foram afetados nos grupos de prole
provenientes de matrizes alimentadas com DP ou DO durante a gestacdo, lactacdo e pds-
desmame até o 602 dia de vida (DPgl-DP e DOgl-DO), tal como daqueles submetidos a per-
muta de dietas (DOgl-DP e DPgl-DO);

Os niveis de TNF-a e IL-6 estdo elevados nas proles de matrizes alimentadas com di-
eta ocidentalizada no periodo da gestacéo e lactacdo, e no pds-desmame dos filhotes até 602

dia de vida;

A atividade da mieloperoxidase (MPO) é mais exacerbada nas proles de matrizes ali-
mentadas com dieta ocidentalizada no periodo da gestacdo e lactacdo, e/ou no pos-desmame
dos filhotes até 602 dia de vida (DOgl-DO, DOgl-DP e DPgI-DO);

O efeito anti-inflamatério da nimesulida foi menos eficaz na prole de matrizes que
consumiu a dieta ocidental no periodo da gestacdo, lactacdo e pds-desmame até 60 dias
(DOgl-DON).
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Abstract

In this experiment the animals received carrageenan (0.1ml of 1% w / v) in the subplantar
region of the left hind paw to assess acute inflammatory response of offspring and anti-
inflammatory effect of nimesulide. In the model of acute inflammation in the intervals 120,
180 and 240 min, respectively, WDgl-WD group (1.66 £ 0.61 *; 2.06 * £ 0.62 and 2.10 *
0.67 *) and WDgl-SD group (1.62 = 0.16 *; 1.92 * £ 0.36 and 1.51 + 0.37 *) showed a
significant increase (p <0.05) compared to SDgl-SD (0.93 £ 0.20, 1.11 £ 0.26 and 1.07 *
0.14). While SDgl-WD (1.35 + 0.16 and 1.55 + 0.23 * *), the only difference (p <0.05)
compared to SDgl-SD in the intervals 120 and 180 min, respectively. The anti-edema activity
of nimesulide in SDgl-SDn group was observed at intervals of 120, 180 and 240 min; while in
WDgl-WDn group this effect was only observed in the range of 120 min after subplantar
injection of carrageenan. When compared to their respective control groups treated with
carboxymethylcellulose (WDgl-WD vs. WDgl-WDn or SDgl-SD versus SDgl-SDn), anti-
oedematogenic effect of nimesulide expressed as percentage inhibition of edema measured at
the intervals of 180 ( 33.98%) and 240 minutes (33.80%), after injection of oedematogenic
agent, was significantly (p <0.05) lower in relation to SDgl-SDn group (38.73% and 38.31%,
respectively). From the data we conclude that the westernized diet accentuated the intensity of
the acute inflammatory response and reduce the effect of nimesulide on the model paw

edema.

Keywords: Western diet; Acute inflammation; Nimesulide.
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1. Introduction

Obesity is a chronic metabolic disease characterized by excessive accumulation of
body fat (ABEP, 2011) and considered a risk factor for developing diseases such as diabetes
and cardiovascular disease. Currently obesity is termed as "non-transmissible chronic disease"
and is considered the cause of 2.8 million people annually death, and 12% of the population is
classified as obese (WHO, 2012). Factors contributing to this situation are the behaviors of
today's society, such as the high consumption of so-called "junk food", the expansion of "fast
food" and physical inactivity, which have been linked to the prevalence of obesity in the

western part (WHO 2015).

Maternal diet affects potential way about the puppies, and may continue for several

generations (Beauchamp and Mennella, 2013).

While some scholars have reported that obesity is the result of an imbalance between
energy expenditure and food intake, others argue that obesity can result from dietary behav-
ioral patterns that evolved from our ancestors. Such behavioral pipelines are vulnerable to
availability and increase the palatability of foods, thereby contributing to the growing epidem-

ic levels of obesity (Nangunoori et al., 2016).

The association between obesity and inflammation is related to the high level of cyto-
kines and acute phase proteins in these individuals. Adipocytes synthesize a variety of cyto-
kines and acute phase proteins that ultimately raise the secretion and circulation of these
chemical mediators (Trayhurn, 2007; Bullo et al., 2003). Excess fat increases the production
of adipokines, resulting in impacts on body physiology, such as blood pressure, energy bal-
ance, immune system, insulin sensitivity, control of food intake, angiogenesis, lipid metabo-
lism related to heart disease (Prado et al., 2009). Among the adipokines synthesized by adi-

pose tissue stand out adiponectin and leptin (Weisberg et al., 2003). They are also described
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in other literature as IL-1, IL-6, TNF-a, CCL2; (Calle and Kaaks, 2004) and serine proteases

inhibitors (Hida et al., 2005).

To ease the imbalance between pro-inflammatory and anti-mediators, they are applied
to the therapeutic anti-inflammatory drugs. The most commonly prescribed worldwide are

classified as non-steroidal anti-inflammatory drugs (NSAIDs) (Howard, 2004).

Nimesulide is a nonsteroidal anti-inflammatory drug (NSAID) having analgesic and
antipyretic property. Acts as a selective inhibitor of cyclooxygenase-2 pathway (Demiryilmaz
et al.,, 2014). Has a weak acid character attributed to the presence of methanesulfonamide
group (Pereira et al., 2011). It is usually indicated for the treatment of acute pain, symptomat-
ic treatment of osteoarthritis and primary dysmenorrhoea (Rainsford, 2005). Studies show the
beneficial effect on the inhibition of growth of various tumors (cervix, pancreas, breast, lung)

(Inoue et al., 2008;. Cai et al., 2012.).

2. Materials and methods

2.1. Location of study

This work was carried out on Bioactive Products Laboratory (LFPB) of the Depart-
ment of Physiology and Pharmacology and Experimental Nutrition Laboratory and Dietetics
Department of Nutrition, located at the Federal University of Pernambuco - UFPE, Recife

campus.

2.2. Experimental model

They were used 20 gilts albino female Wistar rats and their offspring consisting of 30
male rats coming from the colony of creation of the Department of Nutrition at the Federal
University of Pernambuco. The animals were mated at the ratio of male (n = 10) Two females

(n = 20) were kept in vivarium experimentation and housed in polypropylene cages with di-
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mensions 46x31x21 cm (LxWxH) in a 22 temperature environment + 1 ° C, inverted light-

dark cycle of 12/12 hours and filtered water and feed ad libitum.

The experimental protocol was approved by the Ethics Committee on Animal Experi-
ments of Biological Sciences Center, Federal University of Pernambuco (Protocol

23076.003.845 / 2015-63).

2.3. Diet

The "westernized" diet (WD), characterized by having higher values of saturated lipids
that the standard diet (SD), was prepared from a mixture of crushed calorie foods, forming
pellets. The WD of the composition is already described in previous studies group (Ferro
Cavalcante et al, 2013;. Ferro Cavalcante et al, 2014.). It was also used the mineral Mix AIN-
93G-MX (Rhoster®) essential to the growth stage of weaning until 60 days of life. The chem-

ical composition of the percentage of used macronutrient diet is described in Table 1.

Table 1: Macronutrients according to Total Energy Value (TEV) of the standard diet (Presence®) or

Westernized.

Diet Protein (% kcal TEV) [Carbohydrate (% kcal TEV) |Lipid (% kcal TEV) [TEV (kcal/g)
Westernized * 20 49 32 4,2
Presence ** 26 63 11 3,6

* Calculations of the chemical composition of macronutrients were based on nutritional information sent by the
supplier of products and the Brazilian Table of Food Composition (TACO).

** Determined by the Adolfo Lutz Institute, 1985.

2.4. Nutritional guidance

From the 1st day of gestation (confirmed by the presence of sperm in the vaginal
smear), the arrays were randomly divided into two groups: 1) SDgl - that were fed the SD
vivarium (Presence®) during pregnancy and lactation and 2 ) WDgl that have received WD

during pregnancy and lactation. With 21 of lactation, only male offspring (n = 30) remained
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in the experiment. Then, according to nutritional manipulation, the offspring were divided

into four groups: 1) SDgI-SD - offspring of mothers who received SD during pregnancy and

lactation and kept the same post-weaning until 60 days of life; ii) WDgl-WD - offspring of

mothers who received WD during pregnancy and lactation and continued with the same post-

weaning until 60 days of life; iii) SDgl-WD - offspring of mothers who received SD during

pregnancy and lactation, but that began to consume WD post-weaning until the 60th day of

life and iv) WDgI-SD - offspring of mothers who received WD during pregnancy and lacta-

tion, but they began receiving SD in the post-weaning until the 60th day of life. At 60 days of

life, the offspring were divided into groups (n = 5), according to the nutritional manipulation,

for evaluating the intensity of the inflammatory response and anti-inflammatory effect of

nimesulide as shown below scheme:

Figure 1: Distribution of the experimental groups. CMC - carboxymethy! cellulose (0.5%).

30 male Wistar rats 21 days

Offspring SDgl-SD

A

N

Offspring WDgl-WD

Offspring WDgI-SD
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2.5. Reviews in vivo

2.5.1. Assessment of acute inflammatory response and anti-inflammatory effect of
nimesulide in the adult offspring of rats fed with SD or WD during pregnancy and lacta-

tion — (Winter et al, 1962) paw edema induced by carrageenan

For the study of the acute inflammatory response, SDgl-SD, WDgl-WD, WDgl-SD
and SDgl-WD groups were divided into six groups (n = 5): 1) control - (SDgl-SD, WDgl-
WD, WDgI-SD and WDgl-SD and; 2) treated with nimesulide (SDgl-SDn and WDgl-WDn).
Then two experiments were conducted: In experiment A, the animal SDgl-SD, WDgl-WD,
WDgl-SD and SDgl-WD groups received a subplantar injection of carrageenan type IV (0.1
mL - 1% w / v in saline) into the left hind paw. In experiment B the SDgl-SDn and WDgl-
WDn groups underwent the same procedures described above, however, instead of a carbox-
ymethyl cellulose solution (0.5% w / v in distilled water), the groups were pretreated with
nimesulide (5mg / kg, ip) 45 min prior to subplantar injection of oedematogenic agent (carra-
geenan). The volume of the injected foot was measured in digital plethysmometer (Panlab -
Harvard Apparatus, Model LE 7500) before (0 min) and 30, 60, 120, 180 and 240 minutes
after injection of carrageenan. The change in paw volume was expressed in ml registered by
the difference in paw volume before (0 min.) After injection of the agent oedematogenic the
end of each time interval. The intensity of the inflammatory response (edema volume) exhib-
ited by WDgI-WD, WDgl-SD and SDgl-WD groups was compared to the SDgl-SD group.
The anti-edema activity of nimesulide in SDgl-SDn and WDgI-WDn groups was calculated

according to the formula below, in terms of percentage of inhibition:

Percent inhibition = 1- Vt / Vt X 100, where VVc and V¢ correspond to the average of the re-
sulting differences in the measures of the legs in the groups treated with nimesulide (SDgl-

SDn and WDgl-WDn) and control (SDgl-SD and WDgl-WD ). At the end of the experiments,
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blood samples were collected for evaluation of the biochemical and haematological variables
and the subplantar region of the left paw of the animal the quantification of the cytokine (IL-6

and TNF-a) and myeloperoxidase (MPO).

2.5.2. Determination of food consumption

Dietary intake of dams during pregnancy and lactation and their offspring in the post-
weaning period up to 60 days of life was evaluated every 2 days and calculated by subtracting

the initial weight of the food offered by cage left the 48 period hours.

2.5.3. Determination of weight gain

The measurement of body weight was performed weekly at the dams during pregnan-

cy and lactation and in their offspring at birth and the 21th day life until the 60th day of life.

2.5.4. Determination of biochemical and hematological profile

At 60th day of life, the animals were fasted for 10 hours and subjected to induction of
paw edema. After completion of the experiments, the animals were anaesthetized with thio-
pental (30 mg / kg) for obtaining blood samples (5ml) for decapitation by guillotine for de-
termination of biochemical variables (serum albumin and C-reactive protein (CRP)) and he-
matologic (total and differential counts of leukocytes). The sample was centrifuged to sepa-
rate serum and stored in a freezer at -20 ° C for subsequent analysis of acute phase proteins.
The determination of albumin was performed at the Clinical Hospital, Federal University of
Pernambuco Central Laboratory and C-reactive protein (CRP) was used specific commercial

kit for rats (Boster Biological Tecnology Co., Ltd., Fremont, California, USA).

To determine the total number of leukocytes and differential count, we used the auto-
mated method, performed in Hospital das Clinicas of the Central Laboratory of the Federal

University of Pernambuco.
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2.6. Reviews Post mortem

2.6.1. Dosing of IL-6 and TNF-a in the subplantar region of the homogenate

After euthanasia of the animals was carried out the removal of tissue from the plantar
region of the paws of rats after 4 hours of injection edematogenic agent Carrageenan and ho-
mogenized 500uL buffer. For the characterization of levels TNF-a and IL-6 occurred using
sandwich indirect ELISA method using specific commercial kits (Boster Tecnology Biologi-
cal Co., Ltd., Fremont, California, USA). Samples were tested in duplicate and the results

generated by comparing the absorbance with the standard curve.

2.6.2. Myeloperoxidase Activity

Myeloperoxidase (MPO) is an enzyme present in the azurophilic granules of neutro-
phils and has been used as a marker for neutrophil migration into inflammatory processes
quantification in various tissues. To assess cell infiltration into the inflammatory site by
myeloperoxidase (MPOQ), the subplantar region of edematous paw of animals used samples
were collected and stored in 500pL of cap CTAB (Cetytrimethylammonium bromide) pH
6.0, 1g / ml ) at 0.5% in a freezer at -80 ° C. For analysis, samples were homogenized in a
Polytron (Teclab®) with cap CTAB. Then, the homogenate was centrifuged at 14,000 rpm for

10 minutes at 4 and the supernatant collected.

The activity of myeloperoxidase per ml of tissue was measured by the technique de-
scribed by Bradley et al., (1982). 7ul supernatant were distributed into 96 wells plate. The
following was added 200uL solution per well o-dianisidine (16,7mg o-dianisidine, 90 ml of
MilliQ water, 10 ml of potassium phosphate buffer). It was used as substrate for MPO hydro-

gen peroxide at 1%.
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The unit of MPO activity was defined as one capable of converting 1umol water into
hydrogen peroxide in 1 minute at 22°C. As hydrogen peroxide is degraded, it occurs in super-
oxide anion production which converts the o-dianisidine in a brown colored compound. The

results were expressed as MPO/ml activity.

2.6.3. Statistical analysis

The results were expressed as mean + standard deviation. For assessment of body
weight, swelling volume, intensity of the acute inflammatory response and percentage of
edema inhibition by nimesulide were used to test two-way ANOVA followed by Bonferroni
test. Student's t-test to evaluate the weight of the mothers was used during pregnancy and lac-
tation. For comparison between groups and analysis of hematological and biochemical pa-
rameters, quantification of cytokines and myeloperoxidase activity were used the test one-way
ANOVA followed by Tukey test. Statistical analysis was performed using Graphpad Prism
Software Prisma® 5.0 software. It was considered for the purposes of statistical significance

level of p =0.05 (5%).

3. Results

3.1. Body weight of mothers fed with SD or WD and their respective offspring

Table 2 record the weight of the matrices fed standard diet (SD) or diet "westernized"
(WD) during pregnancy and lactation and their respective offspring. As can be seen, the body
weight in late pregnancy or lactation of mothers fed with SD or WD not different. Moreover,
consumption of WD by the mothers during pregnancy and lactation, caused no change in
body weight of offspring at birth and the 22th days of life. However, at 60 days of life, WDgl-
WD, WDgl-SD and SDgl-WD groups showed statistically significant differences (p <0.05)

when compared to the group fed with SD (SDgl-SD).
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Table 2: Body weight of mothers fed a standard diet (SD) or diet "westernized" (WD) during pregnancy

and lactation and their respective offspring.

SD WD
DAMS
(n=10) (n=10)
Pregnancy of final 297,60 £ 18,36 305,6 £ 29,74
Lactation final 288,60 + 46,81 281,8 £20,9
SDgl-SD SDgl-WD WDgl-WD WDgl-SD
OFFSPRING
(n=10) (n=10) (n=5) (n=5)
At birth 6,50 £ 0,70 7,30+ 0,60 6,80 + 0,50 7,10+0,30
On weaning (22 dias) 53,40 £ 8,99 57,80+ 2,48 51,90+ 4,04 49,10+ 4,77
On the 60 th day 229,70 £ 16,34 276,00 + 26,44* 291,80 + 24,29* 275,30 + 12,61*

Values expressed as mean + SD. Significance obtained from the two-way ANOVA followed by Bonferroni test p
<0.05 when compared SD versus WD or SDgl-SD versus WDgl-WD, WDgl-SD or SDgl-WD (n = 5 animals /

group).

3.2. Food consumption

Food intake (g) daily of the groups fed with SD or WD during pregnancy, lactation
and / or post-weaning is shown in Figure 2. As can be seen, the animals WDgl-WD group had
a reduction in consumption food in the 3rd and 4th week of diet supply (figure 2) in relation
to SDgI-SD group. Groups that had dietary exchanged in the periods of pregnancy, lactation
and / or post-weaning (SDgl-WD and WDgl-SD) were compared with the SDgl- SD group
(Figure 2). After statistical analysis, it appears that dietary intake of WDgl-SD group does not
differ from SDgl-SD group (Figure 2). Since when carried out a comparison between the

SDgl-WD with SDgl-SD was observed that the SDgl-WD showed consumption of WD in
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lower post-weaning period at 4 weeks as compared to WDgl-WD showed increased

consumption only in the 2nd week (Figure 2).
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Figure 2: Average daily feed intake (g) of Wistar rats (n = 5 animals / group) fed a standard diet (SD) or
"westernized" diet (WD) in the periods of pregnancy, lactation and / or post-weaning. SDgl-SD (Control group)
versus WDgl-WD or SDgl-WD or WDgl-SD (experimental groups). Values expressed as mean + SD.
Significance obtained from the two way ANOVA test followed by Bonferroni's test (* p <0.05).

3.3. Weight gain

Weight change (g) weekly groups fed SD or WD during pregnancy, lactation and / or
post-weaning is shown in Figure 3. As is depicted, the animals WDgl-WD group showed a
gain of about 16% in significantly body weight (p <0.05) higher in the 3rd, 6th and 7th week
diet consumption when compared to animals SDgl-SD group (figure 3). While WDgl-SD
group showed greater weight gain than SDgl-SD from the 4th week until the 7th week (Figure
3). As for the body weight of SDgl-WD, it was observed that this group showed higher differ-

ence in weight gain that SDgI-SD from the 5th week to the 7th week (Figure 3).
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Figure 3: Average body weight (g) of Wistar rats (n = 5 animals / group) were fed with standard diet (SD) or
"westernized" diet (WD) in the periods of pregnancy and lactation and / or post-weaning. SDgl-SD (Control
group) versus WDgI-WD or SDgl-WD or WDgI-SD (experimental groups). Values expressed as mean = SD.
Significance obtained from the two way ANOVA test followed by Bonferroni's test (* p <0.05).

3.4. Biochemical and hematological parameters

Table 3 shows the biochemical profile and haematological of offspring fed with SD or
WD during pregnancy, lactation and post weaning up to 60 days (SDgl-SD and WDgl-WD,
respectively), as well as those submitted for exchange diets (WDgl-SD and SDgl-WD) after

the post weaning period up to 60 days. As can be seen, none of the biochemical or

hematological variables differ between groups.
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Table 3: Biochemical and haematological the rat offspring variables Wistar adults (n = 5 animals / group) fed
with SD or WD during pregnancy, lactation and post-weaning up to 60 days (SDgl-SD and WDgl-WD
respectively) or submitted to swap diets (WDgl-SD and SDgl-WD) after the post-weaning period.

Parameters SDgl-SD WDgIl-WD WDgI-SD SDgl-WD
Albumin (g/dL) 2,38+0,24 2,18+0,49 2,22+0,21 2,44+0,08
Total protein (g/dL) 5,02+0,34 4,72+0,69 4,76+ 0,32 4,98+0,49
CRP (ng/dL) 6,74+24,1 6,75+4,70 6,75+4,70 6,75+3,80
Leukocyte (103mm3) 9,53+0,52 8,57+1,16 9,06+0,96 8,08+2,01
Neutrophils (%) 2,96+0,62 2,96+1,12 1,99+0,51 2,91+1,23
Eosinophils (%) 0,12+0,03 0,08+0,05 0,08+0,02 0,12+0,05
Basophils (%) 0,03+0,01 0,02+0,01 0,02+0,01 0,03+0,01
Lymphocytes (%) 4,46+1,04 5,88+1,21 5,52+1,30 4,11+8,06
Monocyte (%) 2,19+2,85 1,70+3,01 2,09+1,30 2,15+2,84

The values are presented as mean + SD. Significance obtained from the test one way ANOVA followed by Tukey test (p
<0.05). CRP: C-reactive protein.

3.5. WD influence on the intensity of the acute inflammatory response of Wistar rats

The table shows the development of paw edema induced by carrageenan (experimental
model of acute inflammation) in SDgl-SD, WDgl-WD, WDgI-SD and SDgl-WD groups.
Statistical analysis reveals that the severity of the acute inflammatory response induced by
carrageenan was most severe in WDgl-WD, WDgl -SD and SDgl-WD groups in the intervals

120, 180 and 240 minutes when compared to SDgl-SD group.
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Table. 4: Mean Paw Volume in SDgl-SD, WDgI-WD, SDgl-DO and WDgl-SD groups (n = 5 animals / group)

with paw edema induced by carrageenan injection supplant (0.1 mL).

Paw edema (mL)

30 min 60 min 120 min 180 min 240 min
Groups
SDgl-SD 0,38 £0,12 0,56+ 0,18 0,93+ 0,20 1,11+0,26 1,07+0,14
(100%) (100%) (100%) (100%) (100%)
WDgl-WD 0,71+ 0,25 0,91+ 0,23 1,66 +0,61* 2,06+0,62* 2,10+0,67*
(+86%) (+62%) (+78%) (+85%) (+96%)
SDgl-WD 0,49 +0,17 0,68+ 0,14 1,35+0,16*  1,55+0,23* 1,27+ 0,34
(+28%) (+21%) (+45%) (+39%) (+18%)
WDgl-SD 0,77+0,07 1,03+£0,10* 1,62 +0,16* 1,92+ 0,36* 1,51 +0,37*
(+102%) (+83%) (+74%) (+72%) (+41%)

() Percentage increase of paw volumes (intensity inflammatory response) in relation to SDgl-SD group. Values expressed as

mean + SD. * P <0.05.

3.6. WD consumption influence on the anti-inflammatory activity of nimesulide in rats

The Figure 4 shows the development of paw edema in animals fed with SD or WD

treated with nimesulide in acute inflammation model induced by carrageenan. As can be seen,

the anti-inflammatory effect of nimesulide (% inhibition of paw edema) was significantly (p

<0.05) lower in WDgl-WD from the group, when compared to SDgl-SD group. Additionally,

the animals in the group SDgl-SD anti-inflammatory effect of nimesulide was checked at the

intervals of 120 (38.70%) 180 (38.73%) and 240 min (38.31%); while the animals in WDgl-

WD only group in the range of 120 min (42.16%).
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Figure 4: Effect of nimesulide (5 mg/ kg) on the rat paw edema induced by subplantar injection of carrageenan
in SDgl-SDn (A) and WDgI-WDn (B) groups. Values expressed as mean + SD. Significance obtained from the
test two-way ANOVA followed by Bonferroni test. * P <0.05 when compared to their respective control groups

(SDgl-SD versus SDgl-SDn, and WDgl-WD versus WDgl- WDn).

3.7. Levels of IL-6 and TNF-a

The Figure 5 shows data of the concentrations of pro-inflammatory cytokines IL-6 and
TNF-a in the subplantar region of the homogenate SDgl-SDn, WDgl-WDn, SDgl-SD and

WDgl-WD groups. The results show a significant elevation (p <0.05) in the levels of these



81

cytokines in animal WDgl-WD group compared to SDgl-SD group. The groups treated with
nimesulide (SDgl-SDn and WDgI-WDn) showed no change in the levels of these cytokines

when their respective control groups (SDgl-SD and WDgl-WD).
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Figure 5: Levels IL-6 (A) and TNF-a (B) in the homogenate of the subplantar region of the treated groups
(SDgl-SDn and WDgl-WDn) and their respective control groups (SDgl-SD and WDgIl-WD) Six (06) hours after
the carrageenan injection. Values expressed as mean = SD. *Significance obtained from the test one way fol-

lowed by Tukey test (p <0.05).

3.8. Activity of the enzyme myeloperoxidase (MPO)

The animals in the WDgl-WD group had MPO activity significantly (p <0.05) higher
compared to SDgl-SD group (Figure 6). With regard to treatment with nimesulide (5 mg/kg;
ip), animals from SDgl-SDn group showed a significant reduction in MPO activity compared
to their respective control group (SDgl-SD), while no change was observed in the WDgl-

WDn group in relation to their respective WDgl-WD control.
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Figure 6: Activity of the enzyme myeloperoxidase (MPQ) in the supernatant of homogenate of overcoming six
Wistar rats region (04 hours) after carrageenan injection in the groups treated with nimesulide (SDgl-SDn,
WDgl-WDn) and their respective control groups (SDgl-SD and WDgl-WD). Values expressed as mean = SD.
*Significance obtained from the test one way followed by Tukey test (p<0.05).

4. Discussion

The westernized diet has a higher amount of calories when compared to the standard
diet composition vivarium (4,08kcal / g versus 3,6kcal / g, respectively). This may have been
crucial in reducing intake and energy in the matrix and proles who consumed WD. However,
body weight gain may have been related to the high content of saturated fatty acids that

compose the westernized diet and not by the amount consumed in grams.

Pomplun et al. (2007) relate to work injury metabolism of mitochondria to gain
predisposition of excessive body weight in mammals, when fed high-energy diets similar to
those found in populations of the West. The hyperphagia observed in some studies using high
fat diets is motivated by the inherent characteristics of the lipid as high palatability and texture

(Tagle, 1981; Rolls; Shide, 1992).
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Clinical data and research in animals suggests that obesity during pregnancy period
negatively affects the health of the short offspring and long-term, the risk of obesity
development and other comorbidities and may result in premature death (Reynolds et al.,
2013). According to Cunningham et al., (2014), body weight at the beginning of life is a key
indicator of the risk of metabolic diseases in adulthood (Cunningham et al., 2014). In our
study, the DO was able to induce obesity, verified by the increase in body weight of the

animals receiving the diet during pregnancy, lactation and / or post-weaning.

Desai et al., (2014) in a study observed that the different effects caused by maternal
diet on the phenotype of offspring are dependent on the supply period (pregnancy or lactation
and pregnancy and lactation), which found that exposure diet calorie during gestation and
lactation resulting in an altered phenotype in the offspring, characterized by an exaggerated
obesity when compared to progeny derived matrices group fed the same diet during
pregnancy only. These results suggest that the greater the exposure to the greater the

possibility of the individual presenting metabolic complications in adulthood.

According to results of this study, the permutation of the westernized diet between the
gestation period, lactation and post weaning does not change the body weight of the animal,
however, these groups exhibit physical characteristics and inflammatory profile similar to the
group that consumed this diet hypercaloric throughout life, suggesting thereby that groups
(WDgl-WD, WDgI-SD and SDgl-WD) have metabolic profile similar to an obese
(exacerbated acute inflammatory response, increased level of cytokines, the myeloperoxidase

activity and leukocyte migration).

lannitti and colleagues (2012) in their study, using Zucker rats and the model of
inflammation by carrageenan injection and such obese animals showed a more severe acute

inflammatory response when compared to normonutridos rats. These results are similar to
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those found in this study. Further, Barbato et al. (2005) found in his work, an increase in
vascular inflammatory response of obese Zucker rats, being characterized by elevated

expression of adhesion molecules and macrophage infiltration.

According to Hosogai and colleagues (2007), in obesity, the adipocytes are
hypertrophied and compromise the vascularization of adipose tissue, causing a restriction in
the availability of oxygen and the resulting hypoxic tissue (Pasarica et al., 2009). As the
material expands, macrophages infiltrate and activate TNF-o production, interleukin-6 (1L-6),
interleukin-1p, leptin, resistin, and monocyte chemotactic protein (MCP-1) (Weisberg et al.
2003; Vachharajani; Granger, 2009; Sun; Kusminski; Scherer, 2011). Fantuzzi (2005)
suggests that leptin induces oxidative stress and contributes to macrophage accumulation by
facilitating the adhesion of macrophages to endothelial cells. In our study, it was shown that
the level of TNF-a and IL-6 in animals that consumed the Westernized diet were higher when
compared to animals with PD and these results suggest the association of obesity to the state

of sub-chronic these animals inflammation that they were exposed to the high fat diet.

Evidence demonstrated by several studies have shown significant weight gain and
early neutrophil infiltration of the parenchyma of the intraabdominal adipose tissue after start
of intake of fat diet to C57BL / 6J (Elgazar-Carmon et al, 2008;. Hadad et al ., 2013). Borate
et al (2016) investigating the MPO activity in obese subjects with or without systemic
inflammation and cardiovascular risk potential, found that the level of this enzyme in serum
was higher in obese individuals with systemic inflammation. Wang et al., (2014)
demonstrated that high fat intake results in increased infiltration of neutrophils and MPO
activity expression in epididymal white adipose tissue, along with increased weight and

altered insulin signaling.
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The C-reactive protein (CRP) is an inflammatory marker, commonly found in high
levels in animals and obese patients (Hogan et al., 2011). However, in our study, there was no
significant difference in CRP level in the serum of animals that consumed the Westernized

diet. These results were similar to that found by White et al (2013).

In order to mitigate the consequences arising from an inflammatory stimulus, it is used
therapeutic approach with the use of anti-inflammatories. Among the most widely prescribed
classes worldwide are anti-inflammatory non-steroidal drugs (NSAIDs) selective or non-
selective cyclooxygenase enzyme. The drug used in this study, nimesulide, coxibs is

designated, i.e., selective inhibitor of cyclooxygenase-2 (COX-2) (Batlouni, 2010).

In our study, pretreatment with nimesulide (5 mg / kg; ip) reduced the intensity of the
acute inflammatory response originated offspring of mothers who consumed the standard diet
during pregnancy, lactation and their respective offspring in the post-weaning (SDGL-SD),
but offspring of dams fed in the same period westernized diet (WD-WDgl), nimesulide was
not able to reduce acute inflammatory response. Some studies show that functional and body
composition in obese changes can alter the distribution of the drug, there were no statistically
significant changes in the volume of distribution, renal and hepatic clearance and protein
binding (Shenkman; Shir, Brodsky, 1993; Puhringer et al., 1995). Nimesulide has acidic
character, therefore, is a lipophilic, i.e., has a higher affinity to fat. Other studies show the

problem of prescription drug for obese patients.

The drug binding to plasma proteins is not modified in obesity. Current studies on the
subject are necessary to better understand the pharmacological mechanism of obesity,
considering that is a pathology that grows uncontrollably throughout the world and NSAIDs

are drugs most frequently used worldwide.
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The level of cytokines of rats pretreated with nimesulide (5mg / kg, ip), our studies
demonstrated no statistical differences between the groups, that is, nimesulide was not able to
decrease the level of cytokines TNF-a and IL- 6. However, the labor Abed; Kaplanski (2001)
pretreated rats with nimesulide (30mg / kg i.p.) caused a decrease in TNF-a production. We
suggest that the dose and the vehicle used for Abed; Kaplanski (2001) have influenced the
reduction of synthesis of this cytokine (5mg / kg vs. 30mg / kg, carboxymethylcellulose
versus DMSO). Our results corroborate those found by Liang et al., (2014) who demonstrated
that nimesulide has not been able to decrease TNF-a level quantized in the liver and aorta in

mice fed a HFD.

5. Conclusion

We conclude that the consumption of the westernized diet when consumed during crit-
ical periods of development (pregnancy, lactation and / or post-weaning) causes an increase in
the intensity of the acute phase inflammatory response, as well as change in the pharmacolog-

ical effectiveness of nimesulide in rats.
6. Acknowledges

We acknowledge the financial support of the Coordenacdo de Aperfeicoamento de
Pessoal de Nivel Superior (CAPES).



87

10. References

Associacdo Brasileira de Empresas de Pesquisa (ABEP), 2011. Critério de classificacdo econémica
Brasil http://www.abep.org/novo/Utils/FileGenerate.ashx?id=197 (Acesso em 07.12.2014).

Associacdo brasileira para o estudo da obesidade e da sindrome metabodlica (ABESO), 2012.
Obesidade mata 28 milhGes por ano.
http://www.abeso.org.br/lenoticia/876/oms+obesidade+mata+28+milhoes+por+ano.shtml. (Acesso
em 12.12.2014).

Azab , AN.; Kaplaski, J.,, 2001. A reduction of tumor necrosis factor-alpha in paw exudate of
lipopolysaccharide treated rats by nimesulide. Life Sci. 68,1667-75.

Bautista, C.J.; et al. 2016. Changes in milk composition in obese rats consuming a high-fat diet. Br J
Nutr. 115, 538-546.

Beauchamp, G.K.; Mennella, J.A., 2011. Flavor perception in human infants: development and
functional significance. Digestion, 3 (Suppl 1), 1-6.

Borato, D.C. et al. 2016. Biomarkers in Obesity: Serum Myeloperoxidase and Traditional Cardiac
Risk Parameters. Exp Clin Endocrinol Diabetes 124, 49-54.

Bradley, P.P. et al. 1982. Cellular and extracellular myeloperoxidase in pyogenic inflammation. Blood
60, 618-622.

Bullo, M. et al 2003. Systemic inflammation, adipose tissue tumor necrosis fator, and leptina
expression. Obes Res. 11, 525-531.

Buettner, R. et al. 2006. Defining high-fat-diet rat models: metabolic and molecular effects of different
fat types. J Mol Endocrinol. 36, 485-501.

Cai, X., et al. 2012. Development and validation of a rapid LC-MS/MS method for the determination
of JCC76, a novel antitumor agent for breast cancer, in rat plasma and its application to a
pharmacokinetics study. Biom Chromatogr. 26, 1118-24.

Calle, E.E., Kaaks, R., 2004. Overweight, obesity and cancer: epidemiological evidence and proposed
mechanisms. Nat Rev Cancer 4, 579-591.

Cunha Fda, S. et al. 2015. Both food restriction and high-fat diet during gestation induce low birth
weight and altered phsycal activity in adult rat offspring: the “Similatiries in the Inequalities” models.
PLoS One 10, p. e0118586.

Del Prado, M. et al. 1997. Maternal lipid intake during pregnancy and lactation alters milk
composition and production and litter growth in rats. J Nutr. 127, 458-62.

Demiryilmaz, I. et al. 2014. Protective effect of nimesulide against hepatic ischemia/reperfusion injury
in rats: Effects on oxidant/antioxidants, DNA mutation and COX-1/COX-2 levels. Pharmacol Rep 66,
647-652.

Desai, M. et al. Maternal obesity and high-fat diet program offspring metabolic syndrome. Am J
Obstet Gynecol. 211, e1-237.e13.

Fantuzzi, G., 2005. Adipose tissue, adipokines, and inflammation. J Allergy Clin Immunol.115, 911-9.


http://www.ncbi.nlm.nih.gov/pubmed/?term=AzabAN%5BAuthor%5D&cauthor=true&cauthor_uid=11263679
http://www.ncbi.nlm.nih.gov/pubmed/?term=KaplanskiJ%5BAuthor%5D&cauthor=true&cauthor_uid=11263679
http://www.ncbi.nlm.nih.gov/pubmed/?term=KaplanskiJ%5BAuthor%5D&cauthor=true&cauthor_uid=11263679

88

Ferro Cavalcante, T.C. et al. 2013.Effects of a westernized diet on the reflexes and physical
maturation of male rat offspring during the perinatal period. Lipids 48, 1157-1168.

Ferro Cavalcante, T.C. et al. 2014. Early exposure of dams to a westernized diet has long-term
consequences on food intake and physiometabolic homeostasis of the rat offspring. Int J Food Sci
Nutr., 65, 989-993.

Fontana, L. et al. 2007. Visceral fat adipokine secretion is associated with systemic inflammation in
obese humans. Diabetes 56,1010-1013.

Hida, K. et al. 2005. Visceral adipose tissue-derived serine protease inhibitor: a unique insulin-
sensitizing adipocytokine in obesity. Proc Natl Acad Sci USA 102, 10610-5.

Hogan, S. et al. 2011. Dietary supplementation of grape skin extract improves glycemia and
inflammation in diet-induced obese mice fed a western high fat diet. J Agric Food Chem. 59, 3035-41.

Hosogai, N. et al. 2007. Adipose tissue hypoxia in obesity and its impact on adipocytokine
dysregulation. Diabetes 56: 901-11.

Howard, P. Nonsteroidal anti-inflammatory drugs and cardiovascular risk. 2004. J Am Coll Cardiol.
43, 519-25.

lannitti, T. et al. 2012. Increased central and peripheral inflammation and inflammatory hyperalgesia
in Zucker rat model of leptin receptor deficiency and genetic obesity. Exp Physiol. 97, 1236-45.

Inoue, T. et al. 2008. Effects of nimesulide, a cyclooxygenase-2 selective inhibitor, on colitis induced
tumors. Inflammopharmacology 16, 36-39.

Kabaran, S., Besler, H.T., 2015. Do fatty acids affect fetal programming? J Health Popul Nutr. 33, 14.

Liang, Y. et al. 2014. Constitutive activation of AMPK al in vascular endothelium promotes high fat
diet-induced fatty liver injury: role of COX-2 Induction. Br J pharmacol. 171, 498-508.

Nangunoori, R.K. et al. 2016. Deep Brain Stimulation for obesity: from a theoretical framework to
practical application. Neural Plast. 2016:7971460.

Pasarica, M. et al. 2009. Reduced adipose tissue oxygenation in human obesity: evidence for rarefac-
tion, macrophage chemotaxis, and inflammation without an angiogenic response. Diabetes 58, 718-
725.

Payolla, T.B. et al. 2015. High-fat diet during pregnancy and lactation impairs the cholinergic anti-
inflammatory pathway in the liver and white adipose tissue of mouse offspring. Mol Cell Endocrinol.
30, S0303-7207.

Pereira, A.V. et al. 2011. Determinacdo da constante de dissociacdo (Ka) do Captopril e Nimesulida —
Experimentos de Quimica Analitica para o curso de Farméacia. Quimica Nova 34, 1656-1660.

Prado, W.L. et al. 2009. Obesidade e adipocinas inflamatorias: implicacfes praticas para a prescricdo
do exercicio. Rev. Bras. Med. Esporte, 15.

Purcell, R.H. et al. 2011. Maternal stress and high-fat diet effect on maternal behavior, milk
composition, and pup ingestive behavior. Physiol Behav. 2011; 104: 474-479.



89

Rainford, K.D., 2005. Nimesulide: Actions and Uses; Birkhauser Verlag: Bassel.

Raipuria, M. et al. 2015. Effects of maternal diet and exercise during pregnancy on glucose
metabolism in skeletal muscle and fat of weanling rats. PloS One 10, e0120980.

Reynolds, R.M. et al. 2013. Maternal obesity during pregnancy and premature mortality from
cardiovascular event in adult offspring: follow-up of 1 323275 person years. BMJ, 347:F4539.

Sun, K. etal. 2011.Adipose tissue remodeling and obesity. J Clin Invest 121, 2094-101.

Thompson, J.A. et al. 2015. The contribution of Toll-like receptors to placental inflammation in diet
induced maternal obesity. Placenta 36, 1204-6. .

Trayhurn, P., 2007. Adipocyte biology. Obes Rev.; 8, 41-4.

Vachharajani, V., Granger, D.N., 2009. Adipose tissue: a motor for the inflammation associated with
obesity. IUBMB 61, 424-30.

Wang, H., et al. 2002. Effects of dietary fat types on body fatness, leptin, and ARC leptin receptor,
NPY and AgRP mRNA expression. Am. J. Physiol., 282, E1352-9.

Wang, Q. et al. 2014. Myeloperoxidase deletion prevents high-fat diet induced obesity and insulin
resistance. Diabetes 63, 4172-85.

Weisberg, S.P. et al. 2003. Obesity is associated with macrophage accumulation in adipose tissue.
The Journal of Clinical Investigation 112, 1785-8.

White, P.A.S. et al. 2013. Modelo de obesidade induzida por dieta hiperlipidica e associada a
resisténcia a acdo da insulina e intolerancia a glicose. Arq Bras Endocrinol Metab. 57.

Wilson, R.M. et al. 2015. Maternal obesity alters immune cell frequencies and responses in umbilical
cord blood samples. Pediatr Allergy Immunol. 26, 344-51.

Winter, C.A. et al. 1962. Carrageenan-induced edema in hind paw of the rats as an assay for anti-
inflammatory drugs. Proceedings of the Society for Experimental Biology and Medicine, 111, 544-
547, 1962.

WHO (World Health Organization). Obesidad y sobrepeso
http://www.who.int/mediacentre/factsheets/fs311/es/. (Acesso em 05.11.2014). 2015



ANEXO A

Universidade Federal de Pernambuce
Centro de Ciéncias Biolégicas

Av. Prof. Nelson Chaves, s/n
50670-420 / Recife - PE - Brasil
fones: (55 81) 2126 8840 | 2126 8351
fax: (55 81) 2126 8350
www.ccb.ufpe.br

£
Recife, 05 de maio de 2015.
Oficio n® 37/15

Da Comisszo de Eiga no Uso de Animais (CEUA) da UFPE
Para: Prof.? Maria Bernadete de Sousa Maia

Universidade Federal de Pernambuco
Processo n® 23076.003845/2015-63

Os membros da Comissdo de Etica no Uso de Animais do Centro de Ciéncias
Biol6gicas da Universidade Federal de Pernambuco (CEUA-UFPE) avaliaram seu
projeto de pesquisa intitulado, “Impactos da dieta ocidentalizada durante o periodo
intrauterino na resposta inflamatéria aguda e suas implicagdes na
farmacocinética da nimesulida em ratos Wistar.” :

Concluimos que os procedimentos descritos para a utilizagéo experimental dos
animais encontram-se de acordo com as normas sugeridas pelo Colégio Brasileiro
para Experimentagdo Animal e com as normas internacionais estabelecidas pelo
National Institute of Health Guide for Care and Use of Laboratory Animals as quais s&o
adotadas como critérios de avaliagdo e julgamento pela CEUA-UFPE.

Encontra-se de acordo com as normas vigentes no Brasil, especialmente a Lei
11.794 de 08 de outubro de 2008, que trata da questao do uso de animais para fins
cientificos e didaticos.

Diante do exposto, emitimos parecer favoravel aos protocolos éxperimentais a
serem realizados. .

Origem dos animais: Biotério do Departamento de Nutri¢cao/
UFPE; Animais; Rato Heterogénico; Linhagem: Wistar;
ldade: 60 dias; Peso; (220 - 250g) Sexo: machos (12) e
fémeas (24) e (48) filhotes machos; Nimero total de
animais: 84

90



91

ANEXO B

EUROPEAN JOURNAL OF PHARMACOLOGY

Odficadl Mournal of The Federation of European Fharmacolkegical Sodethess

I A UTHOR INFORMATION PACK

TABLE OF CONTENTS e .
g

L Description p.d

" Audience p:l

" Impact Factor p:l

L Abstracting and Indexing p2 -

L Editorial Board p.2

L Guide for Authors [ ] ﬁ
Lk a4

DESCRIFTION

The European Journy of FPharmacoingy publishes msearch papers oovering all aspecks of
experimental pharmacology with fotus on the meschaniom of acthon of structurally identified

compounds Jfecting biclogical systems.

The scope includes: Behavioural pharmacology MNeuropharmaoology and  amalbgesia
Cardiovascilar pharmaoology Pulmonary, gasirolmbestingl and urogenital pharmaoology
Endocrine pharmacology Immunopharmacology and infllammation Mobecular and oellular
pharmacology Regenerative pharmacology Bislogicals and bistherapeutices Translational
pharmacalogy Mutriceutical phanmacolegy

The jowmal publishes full-Hength pmapers, short reviews (not exceeding 12 peQes] and psrspectihses
{by imatabian anly), intended o debate recent advances in apidly dessloping fields.

Tha mble of contents for this journal & mow Feailabie pre-pubkcaton, via e-mail, as part of the Tree
Confentslenecs service fromn Elkevier Flease send an e-mall message to odhelp@elsevier ook for
furthier infoemmiation about this senvice.

Benielits bo authors

‘W alko provids many suthor Denelits, swch as free POFS, a lberal copyright policy, special disoounts
i Bsovier publications and much mone. Please click hire for mone infommiation on our 2uihor serdioes .

PhEase Sa Our Guide for Authors for information om article Submission. I ywou require any Porchar
information or help, pleaco visk our support peges: It fSupport. slsevieroom

backbannier. gifSciencelinect Backiles

AUDIENCE
Prammacokogiets, Toxloolngists, Neuroscentists, Moleoular Biologists, Medidnal Chamists

IMPACT FACTOR
2014: 2.53F & Thomson Reubers Joumal CRatkon Repors Z015
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GUIDE FOR AUTHORS

INTRODUCTION

The Europesn Jowma of Pharmacodogy publishes full-iength papers on the mechanisms of action
of chemical substances affecting beclogical sy=teme. The jownnad aiso considers short reviaws (Mot
excpeding 12 pages @n print) infended to debate recent advainoes in Rpdly doveloping flelds that
2irg within Ibs Soome.

Ful-length papers are grouped wnder the foBlowing headings: Behavioral phasmacology,
Meuropharmacology and analgesia, Cardiowasoular pharmacolagy, Pulmonary, gastroinbestina and
urogenital pharmacology, Endocrine pharmaroiogy, Immunophasmacology and inflamimation, and
Molecular and cellilsr pharmacology.

Mamusonipts submitted o the joumal are accepted on the wnderstanding that they are subject o
edrorial revies.

TNvoes of paper

The poumnal publiches the following articks types:
1. Ressarch Papser

2. Hizvlew Arthcle

Plexse mobe that the journal no longer accepts submission of Rapid Communications nd
Shiart Coimmunicatons.

BEFORE ¥YOU BEGIN
Ethics in publishing

Pleace sae our Infonmation pages on Ethics in publishing and Ethical guidelines. for jownnal publication.

Declaration of interest

&ll authors are requested bo dischose any actual or pobential confict of interest induding any financial,
personal or other relationships with other people or organizations within three years of beginning the
submitied woek that could nappropriately influence, or be percelved o influence, thelr wark., More
irformation.

Submission declaration and veriffcation

Submission of an article implies that the work described has not Gecn published previously [except
in thee form of an abstract or 25 part of a published kchure or academic thesis of as an eksctronic
prepnt, ses "Hukiple, redundant or corcurment publication' section of our ethics palicy for more
information], that i is not under oconsideration for publication elsewhsne, that = publication k&
approved by all authors and tackly or explickly by the responsible authoriies where the work was
carrked owt, and that, if accepted, it will ma? be publihed elsewhens in the same form, in English or
in any other language, induding ekctranically without the written consent of the copyright-holder. To
warify arkginadity, your article may be checied by the ariginality detection servos CrosslChack.

Changes to authorship

Authors are expected to oconsider carehdly the kst and order of authors before submitting theeir
manissonpt and provide the defindtive list of authors at the tHmee of the original submission. Any
addition, deletion or rearrangement of author names in the authorship kst should be made only
before the maneonipt? has beon acoepted and only B approved By the joumal Editar. To reguest nuch
a change, the Editor must recefse the foliowing from the correspanding author: (a) the reason
for the change & author kst and (B) writhen confirmation [e-mail, letter) from all authors that thay
agree with the addiflon, remosal or resrangement. In the se of addition or remowal of awthors,
thiz indudes confimmiation from the author being added or removed.

Tinly In exceptional droumstances will the Editor consider the addition, deletion or rearrangement of
Suthors after the mansoript has bean accepbesd. While the Edibor conslders thee request, publication
of thi manuscriot will b suspendedl IF the manusoriot has already been published in an online Esue,
any requests approved by the Editor will result in a corrigendum.
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Copyr "-l'llll ¢

Upon acceptanoe of an aricks, authors will be asked tooomplebe a *Journal Publishing Sgreement’ | see
more information on this). &n e-mail will be sent to the cormesponding authar confirming recespt of
the manuscript together with a “lourmnal Publishing Agreement’ form o a link o the onling version
of this agreemaent.

Subsoribers may reprodiece Tables of contents or prepare Bsts of aeticles indluding albstracts for ntermal
circulation within thadr institutions. Permission of the PubliEber & required for resale or distribation
cutside the instibution and for all other derivative works, incCluding compilations and translations. [f
excprpts fromn other copyrighted works are induded, the suthon{s) mast obtan written permizsion
from the copyright owners and oredit the sourceds) in the artide. Bsevier has preprinted foms for
usa by authors in these Cases.

For open acress articles: Upon acceptance ol an article, awthors will b asked to comolete an
"Exclusive License Agresment” (more information]. Permitted thind party reuss of open acoess artickes
i detsermingd by the authdr's choboe of user lcense.

Authar
#5 an author ywou (or your employer or institution) hawe certain rights o reuse your work. More
irformation.

Role of the funding source

Yiodd are redguested o Eentify wiho provided finamclal support for the conduct of the reseanch andfor
preparation of the artick and o briefly desoribss the: ol of the sponson{s), & any, in study deskgn; in
thee collection, analysis and inferpretation of data; im the writing of the report; and @n the deckion o
subsmit the artick: for publication. 1f the funding source(s) had no such Involvesmant them this Should
b Stabed.

Funding hody agreemants and policies

Ekavier has establishad 3 number of agreesmsnts with funding bodies which allow authors bo comply
wiith thielr funder's open aCoess policies. Somae funding bodies will reimmburss the author for the Dpen
Arcess Publication Fee. Detalls of existing sgresments ane avadlable: cnline.

pEn JCCess

This journal offers authors a choice in publishing their reseanch:

Opent access

= Arthcles ane freely avadable o hoth subscriibers and the widesr public with permminted reuse.

= &N open access publication fes IS payabbe by awthaors or on thasr behalf, e.g. by their research funder
o institutiion

Subsoriptiam

« Asticles are made avalable to subscribers as wed as developing cowntries and patient growps through
Ol Lniversasl SCO8ss programs.

= Mo open acoess publication fee payable by authors

Regardless of how you choose bo publish your aide, the joumnal will 2poly the same peer revies
criteria amd acceptanoe standards.

For open acoess artickes, permitted third paety (rejuse s defined by the following Creative Comimans
user Bosnses:

Creative Commans Attnbutian (O g¥)

Liets otheprs distribute and copy the amicks, oeate exbracs, abstracts, and other resvised versions,
adaptations or derivative works of or firom an articke (such as a transiation], indude n a2 colective
work {swch as an anthology], text or data ming the asticle, even Tor commesncial purposes, 25 long
2% thay oredit the authan(s), 9o not represent the author as endorsing their adaptation of the artkche,
and dio not modify the article im such a way as bo damage the author's honor or reputation.

Creative Commans Atnbution=NomCommeroai=Nalerdvs (O 8Y-NC-8I0)0

For non-comimardal purposes, kets others distribate amd copy the articke, and to ndude ina colective
work {such as am anthology], as long as they oredit the authon]s] and prosided they do not alter or
modify thee artiche.
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The open access publication fee for this joumal & USD 3300, exduding @xes. Lesn more about
Ekaviers priding policy: hbtps:/fwww elsevieooomfopenaccesspricng.

Gresn opeT JCCEESE

Authors cam share thelr research in 2 warety of difersnt ways amd Elsavier has a number of
gressn open access options asallable. We recommend authors see OuWr green opeEn a0oess page for
furthier information. Authors can aiso seff-archive thair mamsonpss iImmadiabely amd snabike public
acoess from thedr institution’s repository after an embango perod. This i the wersion that has been
acoepted for publiction and which typecally indisdes author-incorporated changes suggested during
submission, peer review and in editor-author communications. Embango period: For sulbsoription
articies, an appropriate amodnt of time & nesded for journals to deliver value to subscribing cusiomers
bafore an article becomes fresly avallabke to the public. This is the embango perssd and it begins from
thee dabe the articks is formally puatikshed onlnee In (Es final amd fully cRable forme

This journal has an embango period of 12 months.

Exader Fubkshing Campus

The Ssevier Publishing Campus (wew publishingoampus.oom) & a0 online platform offering fres
bectunes, interacive traéning and professional advice to support you in publishing your resesrch. Tha
College of Skills tradndng offers modules on how to prepare, write and structure your amide and
explang hivy editors will ook 27 yoder papsr wihen it B subméthesd Tor publication. Use thess esounces,
&nd mone, (0 sreure that yousr subimisseon willl He the bast that you Cam make i1

Language fusaqe and editing services)

Flease write your et in good English [American or British us20e is aocepbed, bt not & mixture of
the=se). Authors who feel thedr English Banguage manusoript may reguine &dting o eliménate possible:
Qrammaticy or speling errors and o oonfiorm o connect soentific English may wish to use the English
Largguage Editing service awallable from Elsevier's WebShop.

'.' LIII-:I1.\'| ST

Our anling submission systom guides you Slepwike through the process of entering your amide
details and uploading yousr filles. The system consens your amide fles fo a Single PDF ke wsed in
thee pear-review process. Editable files (.9, Word, LaTeX) are requined to typeset your article for
final publication. &N cormmespondence, IncCluding notification of the Editor's decision and mequests for
el Shoin, IS Sent by a-madl

Bt iers

Flease submit, with the manuscript, the names, addresses amd e-mail addresses of at east thres
potercial reviawers. Reversers wiho do not hae an InstiEutional e-mall address will ondy ba conskd ered
i their affliatians ane Qiven and cam be verified. Preferably entermational resiewers should be
nominated, and theer aness of expartise most be stated dearly. Nobe that the edibor retaéns the solie
righit i dedde whathar or not the fsggected reviowars are used.

Adaitional information

Flease maios ssne to adhere to the folowing word limdts:

Abstract: max. 250 words
Infirodiaction: mas. S00 wonds
DEousssnn: max. IS0 words

PREFPARATION

Lige off word profesning soihwane

It & imporant that the Mk be saved in the nathse fomniat of the word processor dsed. The beet
shicild Be in ging ke-columin formnat. Keep the layout of the text 25 simple as possiblke. Most formmatting
codes will be removed and replaced on processing the articke. In pertioulas, do not use the wiord
processors opieons o justfy text or to hyphanate words. However, oo use bold face, talics, subiscripis,
supsrsiripts et When preparing tables, I you ane using a fable grid, use only ane grid for esch
ndividual tabse ard not a grid for each row. IF no grid ks wsed, use fabs, mot spaces, to align colsmns.
The sectronic text should b prepansd in 3 w3y very similar to that of conventional mansonpts | sae
alzo the Guide o Fublishing with Elsevier). Note that source fikes of figures, @ables and Text graphics
will be required wihethas or not you embed your figures @n the tedt. See also the section on Eksctronkc
ST

To avoed WNNeCeSmry enrors you ane strongly advised to use the 'spall-chedk’ and ‘grammar-check’
Fumctions of your wond processor
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Artiche structure

Subdlvision = numharsd SeCThoms

Diwide vour article inbo Clearly defingd and numibesret fections. Subitactions should De nsmbered
LU fehesn 1.1.1, 1.0.2, ...}, LI, &, (the abstract is not included im section msmbering]. Use this
numbsering also Tor intermal cross-referencing: do not just refer bo "the text”. Any subsection may be
ghwen a brief heading. Each heading should appear on s own sepamate line.

Imfroducthon

State the objectives of the workl and proside an adegquate backgrownd, Fwoeding 3 detalled Bberature
SUMEY OF & slammany of the results.

Fleace makos sane to WME the kength of this paagraph to max. SO0 words.

Materkw sod merhods
Provice sufficient detad to alkow the work to be reproduoed. Mothods already published should ba
indicated by & reference: only relevant modificatons showld be desoribadl

Rezulrs
Rasuls should b dear and concise.

LSS0

This shouwld ewplone the signdficance of the results of the work, not repeat thesm. Svoid extensioe
citations and discuscion of published Ferabune. Please make sure to it the: length of this paragraph
i max. 15080 waords.

Conclusions
The madn conclisions of the stsdy may be presented in a short Conclusions secton, which may stand
alloing or form a subsection of 3 Disoussion Section.

Ezzential title page information
= Thbhe, Comcise and informmiatiee. TRles are often wsed in information-retrieval systems. Svoid
abbreviations and Tormalss where Doss ke,

= Aunthor mames and affilisbions. Please dearly indicate the given namees{s) and famdly name{s)
of gach author and check that all names are accurabely speled. Present the authors™ afikation
addresses wihare the acual work was dong) bslosw the namaes. Indecate all afflations with 2 lower-
CasE PUBErsoript kether immediately after the author's name and in front of the aopropriate address.
Prowide the Tull postal address of each affiliation, induding the country neme and, & awadable, the
e=mall address of gach author

= Correspanding aubhar. Cleary indicate who will handle correspondenos at 3l stages of referesing
and publication, akse post-publication. Ensure that the e-mail address is given and that contact
details are kept up to date by the COrPEsponding author.

« Prosendys permaenent address. IF an author has moved sinoe the work desoribsd in the article was
done, Or wWas visiting 2t the time, a Present address' (or 'Penmanant address") may be indicated as
& foobnote T that authors namss. The address 2t whech the author actually did the woek miost ba
retained a5 the maln, afillation sddress. Supersorpt Arabkc numerals are used Tor such footnotes.

A oonciss and Macbual abstract 1S reguired. The afstract should stabe briefly the purposs of the
resgarch, the principad results and major concusions. &n abstract is often presented separabely from
the arthcle, o it omust be 2l b0 stand alone. For this reason, References showld b avolded, but if
essential, tham cite the authoms) and year(s). Alsa, non-standard or UNRCOMMon abbraviations shoulkd
b avoided, but if essential they must be defnsd at thelr first mention in the aistract isel.

Granhicai 3bLiract

& Graphical abstract i optional for this jourmal. It should summmarise the contents of the atide na
concke, pliconal form designed o caphene the attention of 2 wide readership online. Authors misst
prowide images that dexaly represent the work desoribsd in the artide. Graphical abstracts shauld be
submitted a2 separate flle in the onling submiscion sy=tem. Image size: please provide an image
with a minimum of 531 » 13728 poels (h = w) or proporticnally mone, but should be readable on
sorenn 37 a slze of 200 = SO0 pleeds (at 56 dpl this corresponds o5 « 13 om ). Bear &nmind readability
2t reduction, especially B using one of the figures from the: aticke Rzel!. Preferred file typas: TIFF,
EPS, FOF or M5 Office Mks. Ses hitp: ) teww.elsevier.comdgraphicalabistracts for axamphes.
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Immeatiately afer the afstract, prowide 3 masimum of & keywords, using Amarican spelling and
nomanclatune, and avoiding generad snd plural fems and makiple conoepts (awoid, Tor examiple,
“aind", "ol™). Be sparing with abbresviations: only abbresiations Tirmily established in thee field may ba
aligibde. Thase koywords will be used Tor IndexdEng puNDoEes.

Chemicai compoding's

Woli Cam endich your articks by providing a list of chemecal compounds STuadied im the artide. The st of
compounds will be used to estract relesant infomnation from the NC21 FubCham Compownd datahase
and display & naxt to the cnlins wersksn of the article on SdenceDinect. You can induds up to 10
namas of chemacal compownds in the aricke. For each oomipound, pheese provide the PubChem OO0
of the medst relEvant recrd a5 in the Tollowing exampbs: Glutamic ackd (FulChem CI0:E11). Pleasa
jpositicn the kst of compounds imimediabely Bolow the Fioywords’ sedion. It & stromgly eoommesnded
o follow Ther eocact tesd formatiing as in the example below:

Chasmical comepounds studiad in this atide

Ethylene glycol {Publhesn CID: 174 ); Fiidepsin [FubCham CID: 44152164 ); Bargalkonium chioride
{PubChem CID: 15855)

Hione indormathon.

Electrophoretic gels and Diols

Gel and biot images of non-manipulabed, mon-cub gels or Gliots ane profermed. Moleoslsr weight of
reflgvant bands should be indicated in the image [f re-ordenng of the seguence of the samales s
MRSy, authors are encouraged o rerun the ssmples on 2 new gelfblot. IF irelevant parts of the:
gel image (=uch as Dlenk Bnes or lanes wih moleodar wesght markesrs) sne deleted or spicing of
gel lanes & negded [becauise 3 renan & not possible), this should be explicety described in the figure
bsgend. Authors should add confrasting lines to the iImage to show whine Sections hawe been spliced
and joined. [n cropped §Mages imporant Sands Should b rotansd and in cropped biots at keast six
band wadths should b visibde aboree amd bekoe thie bamd of inberest. It & not alkvsied bo combine
images from different experiments into 2 new single imiage.

It & dismunged o paform quantitative comparisons betwoen samples on different gels or Dlots.
If thie & unavoidable, the awthors should stabte @n the figure legend that camples derve from tha
same exparimaent and that gels/blots were processed in parallel. Quantitative analyske should be
normalized o keding oconbroels (2.9, GAFDH, aCtin, non-phosphorylated protein). Loading controls
shiould be analyTed om the saime blok.

futhors should retin thedsr unprocessed gelfblot images, as edibors may request Them bo aad in
manisonpt avaluaton.

.-':ul.: Lt et ] i 10T

Abbergslakons are & hindrance for tha: reader. Use a5 few abbinesviations as possible and wribe out namss
of compounds, necepbors, ebc_, im full throwghout the bext of the manuscript, with the exoeptons given
HEFRE.

Uninecessary abbreviations. Unnecessary abbrewiations such as AP TER, TFT, CER, mAc and LTFSE
{for afterpotential, tTransepithadial potential, Tal-ck test, ookl -exposed rats, nuckeus aocusmbens and
symipatho-ecitatory lateml mgmental field) are net sooeptabe.

Heocepior abbresiations. Recepbor abbreviatkns such as BAR, mAChR, BIR for S-adremsoepbor,
muscarinic recepton, bencodiazepine: recepion, respaectively, should mok be wed. For receptors avioikd
thee abbreviation “RK°. With receptor subtypes mention the full receptor maime throisghout the
manusonpt &g, ddamncsing AL receptorn, dopaming D3 recepbor, malanooortin MO receptorn, endothalin
ETA recemhor,

GEMErEC NAMesS. CaEnanic namas showld ot b abhireviated. For example, AMFE HAL, HIST, RAMH, TAM,
55T, for amphetaming, haloparidol, histamane, (R)]-3 -methylhismmene, tmoxifen, somatostatsn,
are not accepbed. Abbreviations such 2= (eg., WA, DA, ACh, ET for momdrenaline, dopamins,
acetybcholine, endothelin, shiowld ok b used.

Abbereviathons wihsth have comee bo replace the full tesmn. Abbreviations which have ome (D renlkace
thee full bermn (@.g., GASSA, DOPA, EDRF, SHT, for y-amdmobutyric acid, 3,4-difydnoocypheny laksning,
andothelum-derived relasing factor, S-hydrcocytryptamine) mayy be used, provided the termm s spalled
ot in thie atstract and in thie body of thie manusonpt the frst timie thie abbraviation s wsed.
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Wrrsilzldy chemical namas. Unwileldy chesmical naimes may e abbreviated. For example, B-
OH-DPFAT, D=0I, DTG, BAPTA, for E-hydrossy-Z-{di-n-propylamine)setraling  1-[2, 5-dimethaxy-4-
mdophanyl}-amdeopropang, 1 3-dif 2-tolyl)-guaniding, 1,2-bE{c-aminophenosy jethans-N, NN
tetramcethc add, ane aoceptable; hosweser, the full chamical name showkd be given ance in the abstract
and Im thee body of the manuscript, follwed in both cases by the abbresiation.

Code names. Code names may be used, but the full chemécal rama should be given in the abstract
and Im thel besi.

Authors mot Conforming o these demands will hase thair manusoripts retunned for cormection, with
delayed publication 25 the result.

Acknowiedigerments

Collate acknowlsdgemants in & separabs section ot the and of the articks before the references and do
not, therefore, indude them on the ERle paege, 25 2 foobnobe to the title or othensise. LSt here those
individuaks whio proveded hedp during the research (2.3., proveding langusge hdp, wiking assetance
or proofl resding the article, e ).

Formathing of funcing soorces

List funding sounces in this standard way to facilate complianoe to funder's megul remsesnts:

Funding: This work was supporied by the National Instifubes of Headth [grant numbers ooo, ey
fthez: Bl B Mzlinda Gabtes Fodwsndation, Seatte, WA [grant naimber 2x23]; and tha United States Institubes
of Feace [grant msmber aaaa).

1t & not necessary o indude detailed descriptions on the program or type of grants and awands. 'When
fumding I= fromn & block grant oF othesr resouroes awadlable o a wnives iy, colksge, or other resesnch
irstiRution, submit the name of the instibute or organization that provided the funding.

1# n funeding has boen provided for the research, pheaco indude the folowing senbonoe:

This research did not recelve any spedic grant from funding 2Jences in the publkc, comimencad, oF
not-for-profit sechors.

Nomendature and Unrks

Only genark and chemacsl names of drugs should be used, although a propriciary eguivalent ma'y
b indicabed once, i parentheses. The nomanclatisne of chemacal substamoes should be consisbent,
clear and unambiguous, and should conformn to the usage of the Amencan Chemical Society and
thee Cormeention recomimendssd by The Dnbemational Uneon of Fure and Applied Chemisory [[LPAC,
hittpe fihwew. lupac.orgy general/FAls/ns . hioml) Whan Im doubt, writers chowld consult the Endoxes
of Chasmical Abstracts; the vamkous reporis and pemphlets of the American Chasmical Sockety
Commitiee on MNomendature, Spelling and Pronunciation; the recommendations of the TUBME
{nttpeffwess chemogmul s ukfiubmb) 'Whesn drugs which are mixtures of SoredEomess are used,
the Tact that they hawe 3 composibe natisne and the imolication of this Tor iMerpretation of the data
and drawing of condusions should be made clear. The wse of the appropiate prefis s essential. Lse
of the genenc nasme alonse without a prefic would be @ken o efer bo agents with o SEEMeOESOMEETs.
The momencaiure of recentors and thadr subtypes and of lon chanmnels shiowld condorm o RCILPFHAR
{hitp: ffwew. luphacang! noiaphar himd) he triviad name of enrymes may b usad in the text, but the
systemaiic name and classification numdsr according to Enzyme Momendature of the NC-IUBME2
bt ffwess Chemogmul s ukfiubmbfenzymef), nev. edn. (AQdemiic Precs, New York, WY, 1384]
shividd be guobesd the Arst time a0 encymae & mienbhonsd.

AMath farmodae

Fieace submit math equations 25 editabls text and not as Imeges. Present simgls formulag in
Binez waith niormed fext whare possibie ard use the solidus {f) Instead of a horizontal ling for smadll
fractional tenms, 2.9., XY [n principks, variables are (o be presented in italics. Powers of @ ane often
more convaneendly denobed by exp. Number consecwtively any eguations that have o be displayed
separabely from thee et (F referned bo axplidtly in tha et

Foairoles

Footnotes should be used sparingly. Numbssr them consecwtively throughout the articke. Many word
processors can bulld footmoies inte the best, and this feature mary b used. Othersise, pleese indicatie
the pazesition of foobnobes Bn tha best amd BT the foobnobes thasmselves separataly at the end of the
artiche. Do not Encluids footnobes im the Feferanoe BT
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Elsrtronks Jrwark

General points

= Make sure youl use uniform letfering and sizing of your originad arwor.

= Embsisd the wsed fonis IF the application prowides that opthon.

= Alm o uso the following fonts in your Blusbations: Arial, Courter, Timas New Roman, Symbol, o
usr fonts that ook simdar

= Mumbssr the listrations acconding to their ssquencs in the text.

= Use a logical naming conyventson fior your arteork files.

» Prowide captions to Bustrations separabely.

= iz the Ihetrations dose o the desinged dimesnsions of the publishesd version.

= Subimit each Mustration as 3 separate fle.

A defalled guide om ekscbronkc artwork |15 avallabls

You ane unged bo visit thiz sibe) some excerpts from the detailed information are given hene.
Formmars

I wyioisr @kschronihc artwork B creabsd in 2 Microsoft OMce applicatkon (Word, PowerPoent, Excel) then
phEase supply "as i i the nathve dooumant fommat.

Regardless of the application uwmed othar than Meacrosoft Office, when your sledronic arteork &
finalized, pleass "Save as’ or convesrt the images to one of the following formats (note the resolution
rejuirsments for ling drawings, halfones, and ling'halfone combinations given bekow]:

EPS [or POF): Vetor drawings, embed all used fonts.

TOFF {ar IPEG]: Color or grayscale photographs (haltones], keep o & mindmum of 300 dol.

TIFF {or IFEG): Bitmappssd {pure black & whibe piais ) Bne dawings, kesp to 2 minimam of 1000 dpi.
TIFF [or WPEG): Combinations biEmappsd e half-tons (Cokor or grayscale), kesp toa minimasn of
SO0 dpd.

Please dio ot

= Saipply fies that are optimized for soreen use (2.3, GIF, BMP, PICT, WPG); these typically hawve a
Bo mumbaer of pidels and Bmiked set of colors;

& Supply Nles that are oo ks I nessol wison;

« Subimit graphics that are disproporionately large for the oonfent.

Codor artwork

Fleace make sure that arwork fles ane im an aooeptabde formnat (TIFF [or BPEG], EFS (or POF), or
M5 Office fk<] and with the cormed resolution. [f, together with your accepbed artide, you submit
usabde color figures then Elsevier will ensure, at no additkonad charge, that these fgures will appear
in color anline {@.g., SdencelDirect and other sites) regardless of whethar or not these dlustrathsne
are reproduced inocodor Bn the printed version. For cobor reprodecticn in pring, you will receise
information regarding the costs Trom Elsevier afber receipt of ywour accepted artiche. Ploace
indicate your preference for cober: In print or anline anly. Further informiation on the preparation of
ehactronic arteork.

Tha wee of color for graphics or tables & strongly disoowraged (exceptions are made for Envited
reviaws].

Flgure cipdans

Ensure that esch Bustation has 3 caption. Supply capions separabely, not attached to the figure. A
caption should comgprise a brief tRle (mok on the figure Rsell)] and a descripition of the illustration. Keep
et in the Mustrackons thasmselves ©o a minkmum bot exoplsin all symiboks and abbereviatkons wsad.

Tadples

Pleace submdt tblkes a5 editsble text and not ac imsJes. Tables o be plaoesd eifbwr ot © the
refavant fext @n the artick, or on separate pageds) 2% the end. Mumber fables consscutisedy in
Soordance wWih thedir appeasrance in the text and place any table notes below the fable body. Be
sparing im the use of tables and ensure that the data presented in them do mot duplicate results
describssd elsswhens in the atide. Please awndd wusing vertical rulkes.

Reforencos

Citarion in tew

Fhsase ensune that every reference cibsd &n the toat 5 3lso present in the reference Bt {and vice
wersa ). Ay references dbed in the abstract must De givem in full. Unpubdished results and personal
CITEMUNIC A tionS 3ne ot necommemandsd mthe refensnce: kst, Dut may e mentoresd in the text. IF these
references ane IncCluded In the refensnoe st they showld foliow the standard reference style of the
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journal aind showld Indude a sufstimetion of the publication date with either "Unpublished results’ or
Personal comimunication”. Citation of a reference as 'In press” Imples that the Rem has been accepted
for pasdbilicatiom.

Heferanoe inks

Increased discoverabiity of research and high guality peer review ane ensuned by online links o
thee sources citedl In order to allow us to creabe links bo abstracting and indexing services, such as
Soopus, Cressfel and PubMed, please ensure that data provided in the references arne correct. Please
nobe that inCormect surnamses, jownnad/book tites, publication year and pagination may prevent link
creation. When copying references, please be careful as they may aiready contain errors. Lise of the

OO0 is enoouraged.

& DO can be wsed to cite and Enk 1o electronic artickes where an artkcle S in-press and Tull citation
details are not et known, but the atide £ avadlable onling. & DO s guanantesd never to change,
S0 WOU CIM USe BT as 3 permanent link to any elechronic artiche. &n example of a citation wsing DOd
for aan arthche mot et in an lEsue B VanDecar 1.0, Fusso BLMH. James DUE.. Ambah 'W.E., Frans M.
{Z2003). Asetomic contenuation of the Lesser Anties slab bereath normbssashem Veneroela, Jourmal
of Geophysical Resexrch, hitp:ffdy. ol ong/ 10 10252000 130008E4. Flease note the fonmat of susch
citations should b in the same style a5 2l other references in the paper

Wed references

Az a mengmum, tha fall DAL should be given and the date when the referencs was kst acoessed. Any
further information, # knowen (DO, author names, dates, reference to 3 source publcation, ebc),
should also be given. 'Web references can be listed separately (eg., after the reference list) wnder a
different haxding if desired, or can be included @n the reference list.

Heferances in o spechy) Msue
Please gnsure that the words this Esue’ are added to any references in the st (and amy citations in
thee text) bo other articles in the same Special Isoue.

Seferenoe managemant soffwans

Most Ekevier journals have their refenenoe template available in many of the most popular nefenence
management softaare products. These include 28 products that support Citation Style Language
stybes, such 25 Mendeley and Zotero, as well 25 Endiote. Using the word processor plug-ins from
these products, authors ondy need bto select the appropriate journal template when prepaing their
artiche, after which citations and bibliographies will be aatomatically formatted im the jowmal’s style.
¢ no temiplate is yet avadllable for this joumnal, phease follow the Tormat of Ehe sample refensnces and
citations as shoiwm in this Guikde.

Users of Mendekey Desitop can gasiy install the reference style for this jowmad by clicking the following
[

hibtp: f Forssn . mendel ey comy s e-cita tian -sty ke \eu ra pean - jounnal-of- pharmmscology

‘Wheesn preparing pour manuscript, you will then be able to select this style using the Mendeley plug-
res for MECcrosol® Weord or LibreDioe.

Reference formathing

There ane no sErict reguinements on referenoe fTormatting a7 submizsion. References cam ba in ainy style
or foammat a5 kang ax the stylke s consistent. 'Where applicable, author(s) namie{s], journal title ook
tithe, chapter titefartiche title, year of publication, wolumss nismberfbook chagther and the pagination
mist b present. Use of DO ks highly encouraged. The refersnoe Style used by the jowsmad wil be
applied to the acoepted artickes by Elseviar at the prool stage. Mote that mizzing dats will B2 highlighied
a7 prood stage Tor the aathor o cormect. 18 you do wish to format the references youwrsel! they should
b armanged aooording to the foliowing exanmiphes:

Referanoe shpfe

Tawt: All cRatkcns &nthe text showld refer bo:

1. Simghe authar: the author's namss [(without initials, unless there i amd&eguiRy] and the yer of
publication;

2. Two aurhors: both authors’ naimes and thae yessr of pablicatson;

3. Thiege o mang authars: first author's namss Tollowed by et al.' and thie year of publcathon.
Citations may be made drectly (or parenthetically]. Groups of reforences should b listed first
siphabetscally, than chironokagically.

Examples: ‘as demaonsirated (Alan, 2000, Z000b, 1999; Allen and Jomes, 1999). Ermmser ot al
{Z20L0) have recanthy shoswan _._"
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Ligt: FAefememnoies should be aranged first alpfabetically and then further sormed cheonologically it
necessary. Mone than o refenenc from the same: author(s] in the ssme year micest e Kentifled by
the betbers "a', 0", ', ebc_, placed after the year of publication.

Examphes;

Raeferamnce to a journal pabkcartson:

Vian der Geer, 1., Hanmads, 1A, Lupbon, F.A., Z010. The 2t of writing a schentific afice. ). Sl
Commaisn., 163, 51-59.

Rferamnce bo 3 Dok

Strunk Jc, W., White, E.B., 2000. Tha Elemssnis of Styke, fourth ad. Longman, Bes York.

Referamnce bo 3 chapber in an edited book:

Mattaim, G.R., Adams, L.B., 20049, How o prepare an electronic sersion of your atiche, inc Jomnes, B.S.,
Smith , R.Z. (Eds. ), Inbroduction to the Bechronss Age. E-Publishing Inc., Mew York, pp. 281-304.
Rferamnce bo 3 wiebsie:

Camcer Research UK, 1975, Cancer statistics reports for the UK. hetp:ffwwwonoerresearchui. orgf
aboutcancer/statistics foancersiateraport) (accessed 13.03.03).

Journal addvewiarons souroe
Sournal mamies shiowld ba abbreviated acoording to the Lt of Tile Word Abbroviations.

Il‘l!‘."-'f'"-l |I|

Ekavier accepts video maberial and anémation sequences o support and enhamoe youwr sclentific
resgarch. Authors who have vedens or animation files that thay wish to submit with thedir articke: are
strongly encouraged to incisde links to these within the body of the artkcle. This an be done in tha
same way a5 3 fgune or table by referring to the vedeo oF animatkon oombent and noting in the body
et whesre it showld e plaoed. Al submibed fles showld b propedy labeled so that they dimecty
refabe bo thie wideo file's conbent. In order bo ensure Chat your wided or animation mabteria & derecty
usable, please prowide the flkes in one of our recommmaended file formmats with a prefennsd mas@mum ske
af 150 MB. ¥ideo and andmation fkes sunnled will e publshaed onlires i the alacironlc sersicn of your
artiche in Bsovier Web prodiects, including Scencellirect. Pieass supnly “stille” with your fikes: yods can
choose any frame from the video or animation or make a separate image. These will e used instead
of standard icons and will personallse the Enk D vour veded data. For mone detadled iInsructions please
VR OuUr video instruction pages. Nobe: since vedeo and animation cannot be embsdded in the orint
warsian of the jourmal, phexee provice Text for both the elecironlc and the print version for the: portions
of thie artide that refer o this oonbent.

Suppismerriary materiad
Sunpksmentary material can support and enhance your sdentific resesrch. Sunnksmentary fkes
offer tha author addiional pomcibditees o publish supportined applications, high-resolutisn mages,
backgrownd datasets, sownd cips and more. Flaase nobe that sudh femes are published ondine exactly
&% they ane submitted; there & o bypetetting involsed (supplsmentary data supplied as an Excal
fike or a5 a PowerPoint slide will appear as such ondine). Flease submit the material together with thie
airtichr and supply a concdse and desoriptive @ption for esch fike. IT you wish o make sy changes T
supplsmentary data during any Stage of the process, then please maks sure bo prowide an updated
ke, and dix niot anino e any COmections Gn & previous vwersion. Please also maios sure o swich off the
Track Changes” option in 2y Micosoft Offioe files a< these will appear in the publishes supplementany
fike{z]). For more detailed Insbrections phease visl ol arowork insCruction peges.
|.: JLEF IR HI‘ ".'.I
Authors have the opton of comeerting any or 2l pars of their supplemantary or additionad rew data
it onie oF multioks Data i Brsed artickes, 3 e Kind of article that hiouses and desoribas thelr data.
Dt Bn Briaf artickes ensure that yvour data, which & normally busried @n supplementary material,
i actively reviewed, curated, formathed, Imdesed, given a DOl and publicdy awailable to 2l upon
publication. Authors ane encouraged o submet their Data s Brief article a5 an sdditionad ibem dinecily
i thie revissd version of thiair manusoript. I your resesnch arloks & acoepbed, vour Data in
Brief article will automatically b transhermed over to Dada in Brke"wihare it will be editorially reviewed
and published in thiz nizw, apen acoess joumial, Dare iv Srket’. Please note 3n open 2o0ess Mo s pavable
for publcatison in Oxdy 0 Aref. Full detadls cain b fownd on the Cata in Brief webcibe. Ploase use D
wirthe wour Data in Bried.
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Ebkgvier encouraes authors to comnedt articks with exfemal databases, ghing readers aoress o
refevant dtabases that help to bulld a better understanding of the described research. Piease refer
o redevaant database eentifeers using the follosving formmat in your articks: Database: s (.0 TAIR:
AT1G01020; OCDC: F34053; FOE: IXFN). HMore information ard a full lst of supported databases.

AenaiaSilnges

The jowmal encourages auihors o oreabe an AudicSlides presentation with their published article.
AudinSlides are brief, webinar-stybe presentations that ame shoswsn nest o the ondine article on
Scncelirect. This gives authors the opportunity T summarze thedr research bn thelr own words
and to help readers understand what the paper & abowt. More indformation and esamiples ans
awalable. Aauthors of this pounnial will aubsmatically recefee an nvitathon e-mall bo create an AudeoSlides
presentation after soceptance of thair paer.

Submrssion checklisl

Tha followwing IEL will ba wEehal during the final checkdng of am atick: prcr to sending It to the jourmal
for review. Please consull this Guide for Authors for further detalls of vy Ram.

Emnswre that the following items arne presemt:

One aauthor hias been designated as the corresponding author with contact detalls:

= E-mail address

» Full postal address

Al mecessary files have been uploaded, and contain:

» Hoywoards

= &ll figure capiions

= Al tables (Encluding title, description, footnobes)

Furthar conskderations

« Manasonipt has b "spadl-checkad” and ‘gramimesr-Chacosd”

= References ane in the comect format for this journal

= All references menticned in the Referesnce B5T ane Citesd in thie text, and vioe Wersa

= Fermission has been ob@ined for use of copyrighted material from other sowrces (including the
TrRarmist

m“d-.:!u:m of figures (if applicable) in color or Dleck-and-white

= Indicabe chaarty wiether or not ook o black-and-white in print & reduired.

For sy Tusrther Informatkon please visit our Supeort Center.,

AFTER ACCEPTANCE

Cnime prood correction

Corresponding authors will receive an e-miall with @ link to our onding proofing System, alkowing
annotation and oomection of proofs online. The envincnment & similar to M5 Word: n addiion o
ediing hext, you can alse comement on fgures/tables and srewer questions from the Copy Editor
‘Wob-based proofing provedes a faster and less @nrof-prons process Oy allowing yvou to directly Type
Wour DoiTections, eliminating the potentisl Entrodiscton of amors.

If prefernesd, wou Can stll choose To annotaie and wpbosd yoisr edifs om the POF version. AR Ins bnsciions
for proofing will b2 given in the e-mail we send to awuthors, including albernative methods to the onling
wisshon amd FOFE

‘W will do ewerything possible to get yvour aride publiched quickdy and acoumately. Please we this
jprocd only fior checiing the typeseiting, editing, ocompleieness and comeciness of the text, tfabdes and
figures. Significant changas o the article a5 aonepted for publication will only be considered 2t this
stage with perméssion from the Editor. It & imporiant to enssne that all cormections ane sent bDack
i us Im one commanication. Flease chack carefully before replying, as indision of any subsegquant
cofmectians annot be guarantesd. Proofreading & sokedy your respos bility.

r-:.""lln:l.'l1!"

Tha corresponding author will, at no cost, receive 3 customized Share Unk providing 50 days froe
JCOESE T the final publishied version of the atide omn Scienceliect. Tha Sharme Link can ba used
for sharing the articke via any commanication chanmsd, including @mail ard sodal media. For an
exira charge, papsr Offprines can be codered via the offpring order fonm which s sent once Che
artiche £ accopted for publication. Both cormEponding and co-aathors My order offprints at any
timme via Elseviers Webshop. Cormesponding authors wind have published their article open acess do
not reoelve 3 Share Link as thedr finad publiched wersion of the arthche i avallable opesn SO0RSS O0
SceenceDirect and can be shared throwgh the articke DO leni.
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AUTHOR INQUIRIES

Track wour subimitted articke
Track wour accepbed articks
Wioii arg also walooime 00 oontact the Esevier Contact Canier.

Al Congeerighf 2008 Ebirrir | B S owwrm ey, @54
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