RAFAELLA RODRIGUES BARRETO

INFLUENCIA DA MA-NUTRICAO SOBRE AS
RESPOSTAS INFLAMATORIA AGUDA E SUBCRONICA
E NA EFICACIA FARMACOLOGICA DA

INDOMETACINA EM RATOS

RECIFE

2011



RAFAELLA RODRIGUES BARRETO

Influéncia da Ma-Nutricdo sobre as Respostas Inflamatoria
Aguda e Subcronica e na Eficacia Farmacologica da

Indometacina em Ratos

Dissertacao apresentada  ao
Programa de Pos-Graduagdo em
Patologia do Centro de Ciéncias
da Saude da Universidade Federal
de Pernambuco para obtengdo do
titulo de Mestre em Patologia.

Orientador (a ): Profa. Dra. Maria
Bernadete de Sousa Maia
Co-orientador (a): Profa. Dra.
Teresinha Gongalves da Silva

RECIFE

2011



Earreto, Rafaella Rodrigues

Influéncia da ma-nutricdo sobre as respostas
inflamatdria aguda & subcrdnica & na eficacia
farmacoldgica da indometacina / Rafaella Rodrigues
Barreto. — Recife: O Autor, 2011,

93 folhas: il fig., 30 cm.

Crientador: Maria Bernadete de Sousa Maia
Dissertacao (mestrado) — Universidade Federal
de Pernambuco. CCS. Patologia, 2011,

Inclui bibliografia e anexos.

1. Desnutricdo precoce. 2 Inflamacao. 3.
Indometacina. | Maia, Maria Bemadete de Sousa.
[l Titulo.

LIFFE

616.39 CDDi20ed) CCS2011-201



'ﬁ U etrersidnde Federal de Pernsmbuoen B

Cemtrn de CiEneins da Sadde J}.‘ o
Frograma de Pos-Gradueacio em Patologia :t% 7
A, e illarveey Hag oo » O idacda Rinres ianm - TEF S0005401 = Lzl - TR ,:.i M #l

Pred i d e Piwgradmag o o Oy ds Crlii i bt (00K | bagm T
Pose Tiam £ BN L8 21 20

[T TCLRN IOy L T LT T SR LA L

IHSSER TACAD DEFENDIDA PARA OBTENCAO DO TITULO DE MESTRE FI
PATOLOGLA

ALUTORA: BAFARLLA RODRICULS BARRETI
AREA DE CONCENTRAGAD: PATOLOGIA

NOME [34 DISSERTACAD: “INFLUBNCIA DA MA-NUTRIGAO BOERE AB
EESPOSTAS INFLAMATORIA AGUDA B BUDCRONICA E NA EFICACIA
FARMACOLOGIOA DA INDOMETACINA EM RATOS™,

CRIEMTADORA: Praf, Prt. MARIA BERNADETE DE SOUSA MAILA
0 - ORIEMTADCR: Praf. ", TERESINHA GONCALVES DA SILY A

DATA DA DEFESA: ) DE AGOSTO DEE 2011,

FANCA EXAMINADCRA:

1 [ T i
mfr_ Cr. Nicedemes Teley de Ponites Filho

'I’“r-:li'_. b, Bulklly Canncha Pessoa de Azevido Ko

FURITITNI RIS,
Frof, D", T-|:nu-'||:1l1-|:l| Cengalves da Silva



UNIVERSIDADE FEDERAL DE PERNAMBUCO

REITOR
Prof. Anisio Brasileiro de Freitas Dourado
VICE- REITOR
Prof. Silvio Romero Marques
PRO-REITOR PARA ASSUNTOS DE PESQUISA E POS-GRADUACAO

Prof. Francisco de Sousa Ramos

DIRETO R DO CENTRO DE CIENCIA DA SAUDE
Prof. José Thadeu Pinheiro

CHEFE DO DEPARTAMENTO DE PATOLOGIA
Prof®. Catarina de Oliveira Neves
COORDENADOR DO MESTRADO EM PATOLOGIA
Prof. Nicodemos Teles de Pontes Filho
VICE-COORDENADOR DO MESTRADO EM PATOLOGIA

Prof. Hilton Justino da Silva

RECIFE

2011



Agradecimentos

Agradego a Deus, orientador da minha vida, por ter me dado persisténcia e
sabedoria para concluir essa etapa da minha vida.

Aos meus pais e minhas irmds pelo amor incondicional e por me apoiarem
em todas as minhas decisdes.

Ao meu namorado Juliano Cazuzd pelo amor, pela paciéncia, pela injegdo
didria de bons pensamentos e por ter possibilitado a realizagdo de parte desse
trabalho.

A Professora Dra. Maria Bernadete de Sousa Maia por todos os
ensinamentos, pela credibilidade e por ter sido tdo importante para conclusdo
deste ciclo .

A professora Dra. Teresinha Gongalves da Silva do Departamento de
Antibiéticos pela paciéncia impar e pela disposigdo em me auxiliar na realizagdo
deste trabalho.

A Técnica Rejane Souza e Silva por ter me auxiliado em todos os
experimentos e pela dogura com que sempre me fratou.

Aos amigos Carlos Fernando Brasileiro e Gustavo Dimech pela grande ajuda
na realizagdo de parte deste trabalho.

Aos amigos Anacdssia Fonseca, Ricardo Martins, Eryvelton Franco, Raphael
Dutra e Thiago Oliveira pelo compartilhamento de conhecimentos, pela amizade e
por terem tornado a convivéncia didria muito agraddvel.

As minhas amigas Francine Iane e Diana Malta pelo auxilio em alguns
experimentos, pela amizade e por todo incentivo;

As minhas amigas Liliane Lima e América Palmeira pela amizade verdadeira,
pelo compartilhamento de sorrisos e tristezas e pelo companheirismo constante.



“Onde ndo hd obediéncia, ndo hd
virtude. Onde ndo hd virtude, ndo hd
bem, ndo hd amor; e onde ndo hd amor,
ndo hd Deus, e sem Deus ndo se chega
ao paraiso. Tudo isso é como uma
escada: se faltar um degrau, caimos.”

Santa Teresa D’ Avila



Resumo

Objetivo: Avaliar o impacto da desnutricdo intrauterina na intensidade das respostas
inflamatérias aguda e subcronica e suas implicacdes sobre o efeito anti-inflamatorio da
indometacina na prole adulta de ratas da linhagem Wistar. Material e Métodos: Ratos
machos Wistar divididos em 2 grupos experimentais de acordo com a dieta fornecida as maes:
Nutridos (Controle-N; Labina, n=36) e desnutridos durante a gestacdo (DBR-g, n=36). Aos 60
dias de idade, os grupos foram subdivididos (n=6 animais/grupo) e os animais foram
submetidos aos modelos de inflamagdo aguda e subcronica. Carragenina ou zymosan (0,1
mL) foi injetado na regido subplantar (0 minuto) da pata de cada animal dos grupos Controle-
N e DBR-g. Os grupos Controle-N ¢ DBR-g receberam salina 0,9% v.o. Outros grupos foram
submetidos a0 mesmo procedimento acima, mas receberam indometacina (10 mg/Kg, v.o) 45
minutos antes da injecdo do agente e foram divididos em dois grupos: Controle-NI
(Normonutridos tratados com indometacina) e DBRI-g (DBR-g tratados com indometacina).
O volume do edema inflamatorio das patas foi calculado nos tempos 0, 30, 60, 120, 180 e 240
minutos. No modelo de inflamagao subcronica, dois “pellets” de algoddo de 50 + 1 mg foram
assepticamente implantados na regido dorsal dos animais dos grupos Controle-N e DBR-g e
esses receberam 0,9% de salina v.o durante sete dias consecutivos. Outros grupos de animais
(Controle-NI e DBRI-g) foram submetidos ao mesmo procedimento acima, porém foram
tratados diariamente com indometacina (2mg/Kg; v.0) em uma unica dose didria.
Posteriormente, os animais foram dissecados e os “pellets” foram submetidos ao processo de
desidratacdo para obtencdo do peso médio. Ao final dos experimentos, amostras de sangue
foram retiradas de todos animais para avaliagdo de pardmetros hematologicos e bioquimicos e
do homogenato da pele da regido suplantar dos animais para dosagem de citocinas.
Resultados: A desnutricdo durante a gestacdo promoveu retardo do crescimento fetal
refletido no baixo peso ao nascimento (5,38 + 0,28) quando comparado ao grupo Controle-N
(7,26 £ 0,64). O volume do edema das patas, os niveis séricos de PCR e albumina e os niveis
de citocinas foram inferiores nos animais dos grupos DBR-g quando comparados aos grupos
Controle-N nos modelos de inflamagdo aguda; o peso médio dos granulomas e os niveis
séricos de PCR e albumina foram inferiores nos animais dos grupos DBR-g quando
comparados aos grupos Controle-N no modelo de inflamag¢do subcronica. Entretanto,
nenhuma diferenca foi encontrada na contagem total de leucécitos. Quando comparados aos
respectivos grupos tratados com salina (Controle-N e DBR-g), o efeito anti-inflamatério da
indometacina foi menor nos animais dos grupos DBRI-g do que nos grupos Controle-NI no
modelo de inflamagao aguda; no modelo de inflamagao subcronica, o efeito anti-inflamatorio
da indometacina foi reduzido nos animais desnutridos. Conclusao: A desnutricio precoce
atenuou a severidade da resposta inflamatéria aguda, mas nao foi verificada alteragcdo
estatisticamente significante na inflamacao subcronica induzida por lesdo granulomatosa.

PALAVRAS-CHAVE: Desnutri¢cdo precoce; inflamag¢ao; indometacina



Abstract

Aim: To assess the impact of intrauterine malnutrition on the severity of acute and
subchronic inflammatory responses and their implications for the pharmacological effect of
indomethacin in the adult offspring of Wistar rats. Methods and Materials: Male Wistar rats
were divided into two groups according to the diet fed to mothers: normal nourished rats
(Control-N, Labina, n = 36) and undernourished during pregnancy ones (BRD-g, n = 36). At
60 days of age, the groups were subdivided and the animals were subjected to models of acute
and subchronic inflammation. Carrageenan or zymosan (0.1 mL) was injected into the sub
plantar region (0 min) of the hind paw of each animal in both Control-N and BRD-g groups.
All animals received 0.9% v.o. saline .Other groups of animals underwent the same procedure
as above but were given indomethacin (10 mg / kg, po) 45 min before the injection of the
agent and then divided into two groups: Control-NI (normal nourished rats treated with
indomethacin) and BRDI-g (BRD-g rats treated with indomethacin). The paw edema volume
was calculated at 0, 30, 60, 120, 180 and 240 minutes. In the subchronic model of
inflammation, two cotton pellets of 50 + 1 mg were aseptically implanted in the dorsum of the
animals in the Control-N and DBR-g groups and they received 0.9% v. o. saline for seven
consecutive days. Other groups of animals (Control-NI and BRDI-g) underwent the same
procedure as above but were treated daily with indomethacin (2 mg/kg; v.0.) in a single daily
dose. Subsequently, the pellets were subjected to dissection to obtain the average weight. At
the end of the experiments, blood samples were taken from all animals for evaluation of
hematological and biochemical parameters and a homogenate of the skin of the subplantar
zones of the animals was made, in order to measure the cytokine levels. Results: Malnutrition
during pregnancy caused fetal growth retardation shown by the low birth weight (5.38 +
0.28), when compared to the Control-N (7.26 = 0.64) group. The volume of paw edema, the
serum levels of CRP and albumin, the average weight of the granulomas and the cytokine
levels were lower than those in the BRD-g groups when compared to the ones in the Control-
N groups in both models of inflammation that were studied. However, no difference was
found in the total leukocyte count. When compared to the respective groups treated with
saline (Control-N and BRD-g), the antiinflammatory effect of indomethacin in the model of
acute innflamation, in the animals of BRDI-g groups was lower than in the Control-NI
groups ; in the model of subchronic inflammation, the pharmacological effect of
indomethacin was effective only in normal nourished animals Conclusion: The malnutrition
in the early stages of development attenuated the severity of the acute inflammatory response,
but there was no statistically significant change in subchronic inflammation induced by
granulomatous lesion.

KEYWORDS: Early undernutrition; inflammation; indomethacin.
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APRESENTACAO

1 APRESENTACAO

Estudos indicam que a desnutri¢do ¢ um dos fatores ndo genéticos que mais interferem
no desenvolvimento normal dos 6rgdos e participam de doencas cronico-degenerativas. O
mecanismo subjacente ao desenvolvimento dessas afec¢des parece estar associado aos efeitos
deletérios das deficiéncias nutricionais no periodo critico de desenvolvimento. Evidéncias
epidemioldgicas tém demonstrado que a caréncia de nutrientes na infancia eleva o risco de
obesidade e doengas correlatas (hipertensdo, diabetes tipo II, dislipidemia, hiperinsulinemia e
doengas cardiacas) na vida adulta.

Por outro lado, a reag@o inflamatdria representa um conjunto de reagdes locais e gerais
do organismo contra uma agressdo. Ela ¢ composta por uma série de fenomenos complexos
que se associam e se complementam uns aos outros em uma reagdo em cascata. A resposta
inflamatéria visa, em ultima instdncia, combater o agente agressor e eliminar produtos
resultante da destruicdo celular, promovendo condi¢des ideais para o reparo do tecido lesado.
A inflamacdo pode ser de origem aguda ou crénica. O processo inflamatério agudo pode durar
minutos, horas ou dias, independe da natureza do agente agressor e apresenta respostas
semelhantes a estimulos distintos. O processo inflamatorio cronico tem duracao prolongada
que pode variar de semanas a meses, no qual ha tentativas de reparo através da proliferacdo de
fibroblastos e formagao de granuloma.

Estudos experimentais realizados com animais na fase adulta tém demonstrado que a
deficiéncia nutricional predispde a um baixo grau de resposta inflamatoria local e sistémica, e
dessa forma, a resposta do hospedeiro a estimulos encontra-se prejudicada, o que o torna mais
susceptivel ao desenvolvimento de infeccdes e danos teciduais. No sistema imune, a
desnutricao perinatal altera os mecanismos de defesa, com prejuizos da funcdo fagocitaria de
macrofagos, na agdo do sistema complemento e na producao de citocinas. Tanto a imunidade
humoral como a celular encontram-se comprometidas na presen¢a de desnutricdo perinatatal.

O uso de farmacos anti-inflamatdrios nao-esterdides costuma ser indicado nos casos
em que a morbidade da reagdo inflamatdria supera os beneficios de regeneragdo tecidual
proporcionados pela inflamagdo. Esses farmacos constituem um grupo heterogéneo de
moléculas com propriedades anti-inflamatorias, analgésicas e antipiréticas eficazes, embora a

incidéncia de seus efeitos adversos em decorréncia do uso continuado seja alta.
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Alguns estudos tém investigado o impacto da desnutrigdo intrauterina sobre as
respostas inflamatérias aguda e subcronica, bem como suas repercussoes sobre a eficacia
farmacoldgica de alguns farmacos ndo-esteroidais, sobreduto a indometacina. No entanto, ¢
preciso aprimorar a abordagem da influéncia da programagao fetal resultante da desnutricdo
perinatal sobre as respostas inflamatdrias local e sistémica.

O presente trabalho teve como objetivo geral investigar o perfil da reposta inflamatéria
da prole adulta de ratas da linhagem Wistar submetidas a desnutricdo durante a gestacao,
utilizando-se um modelo nutricional denominado Dieta Bésica Regional (DBR), bem como
avaliar as implicagdes da desnutricdo precoce sofre o efeito anti-inflamatério da
indometacina. Os objetivos especificos deste trabalho consistiram em avaliar: 1) o perfil da
resposta inflamatoria aguda e o da subcronica de ratos machos Wistar adultos provenientes de
matrizes submetidas a desnutrigdo durante a gestacdo, 2) a influéncia da desnutricao
intrauterina sobre o efeito anti-inflamatorio da indometacina e sobre alguns marcadores da
resposta inflamatoria (Fator de Necrose Tumoral (TNF-a) e Interleucina -6 (IL-6)).

Esse estudo foi realizado no Laboratorio de Farmacologia e de Produtos Bioativos do
Departamento de Fisiologia e Farmacologia do Centro de Ciéncias Bioldgicas (CCB) da
Universidade Federal de Pernambuco, tendo como orientadora Prof* Dr* Maria Bernadete de
Sousa Maia e como co-orientadora Prof* Dr* Teresinha Gongalves da Silva. O estudo originou
o artigo cientifico intitulado: Impact of early malnourishment on the acute and
subchronic inflammatory responses and its implications in the effect of indomethacin in
Wistar rats, que foi submetido para publicagdo na revista “European Journal of

Pharmaceutical Sciences”.
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OBJETIVOS

2 OBJETIVOS

2.1 Objetivo geral:

- Investigar o perfil da resposta inflamatéria de ratos machos Wistar adultos
provenientes de matrizes submetidas a desnutricdo durante a gestacdo e suas implicacdes

sobre o efeito antiinflamatorio da indometacina.

2.2 Objetivos especificos:

- Avaliar os perfis das respostas inflamatéria aguda (volume do edema de pata
induzido por carragenina ou zymosan) e da subcronica (reacdo granulomatosa induzida por
“pellets” de algodao) na prole de ratas Wistar submetidas a desnutricao durante a gestagao;

- Determinar o nimero total e diferencial de leucocitos nos animais desnutridos e
normonutridos;

- Determinar a concentragdo plasmatica de alguns marcadores da resposta inflamatéria
(PCR e albumina)

- Determinar os niveis das citocinas (TNF-a e IL-6) no homogenato de pata de animais

desnutridos e normonutridos submetidos aos modelos experimentais de inflamacao aguda.
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REVISAO DA LITERATURA

3 REVISAO DA LITERATURA

3.1 Aspectos gerais do estado nutricional

A desnutricao ¢ uma condigdo patologica que resulta da privagdo nutricional adequada
e freqiientemente acontece devido a pobreza (OMS, 1999). Além dos fatores fisiologicos,
elementos politicos, sociais, econdmicos e culturais estdo envolvidos. Segundo a Organizagao
das Nagdes Unidas (ONU), a ma nutri¢do engloba um grupo de disturbios nutricionais que
resulta da falta concomitante de calorias e de proteinas. A ma nutri¢ao caldrico-protéica pode
alterar uma série de o6rgdos e tecidos, tendo em vista que as proteinas sdo componentes
importantes para a estrutura e fungdo especificas das células do organismo (CICOGNA et al.,
2001).

O estado nutricional ¢ definido por indicadores antropométricos que verificam o
crescimento e, indiretamente, pela alimenta¢do insuficiente (HOFFMAN, 1995). O
desenvolvimento e a manutencdo das dimensdes corporais apropriados necessitam de
condi¢des vidveis, principalmente em relagdo a ingestdo e utilizagdo biologica de calorias e
proteinas pelo corpo. Geralmente a mé nutricao esta associada a outras condi¢des nocivas a
satde, como infec¢des, pobreza e doengas cronicas, como as doencas cardiacas de origem
congénita, fibrose cistica, faléncia renal cronica e doencas neuromuscular (GROVER e LOOI,
2009).

No Brasil, inquéritos epidemioldgicos recentes revelaram uma elevada freqiiéncia de
baixa estatura e reduzido peso corporal, caracteristicas antropométricas indicativas da
ocorréncia da desnutricdo em estagios diferenciados dos periodos iniciais do ciclo vital
(MONTE, 2000; ACUNA e CRUZ, 2004).

A ma nutri¢do calorico-protéica ¢ reconhecida como uma das principais causas de
mortalidade infantil e agravo a saude de individuos senis (BERGSTROM E LINDHOLM,
1998) e portadores de doencas debilitantes (BRUNN et al., 1999). A desnutrigdo por caréncia
de energia (calorias) e proteinas ¢ a forma mais letal de ma nutricdo e tem um papel
significativo em pelo menos metade das 10,4 milhdes de mortes anuais de criangas nos paises
em desenvolvimento e lesa uma em cada quatro criancas em todo o mundo. Destas, 150

milhdes (26,7%) possuem baixo peso e 182 milhdes (32,5%) possuem atraso do
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desenvolvimento fisico e mental. Geograficamente, mais de 70% das criangas com caréncias
energetico-protéicas vivem na Asia (principalmente no oeste asiatico), 26% na Africa e 4% na
América Latina e Caribe (UNICEF, 1998; OPAS/OMS, 2000).

No Brasil, um estudo feito no semi-arido mostrou que criangas com menos de 2 anos
de idade estavam muito susceptiveis a desnutricdo em 484 municipios (34,3% do total de
1.444), e mais de 10% das criangas nessa faixa etdria encontravam-se com quadro de
desnutricao instalado (UNICEF, 2005).

Uma alimentacdo adequada ¢ imprescindivel para que os seres vivos atinjam seu pleno
potencial de crescimento, saude, reproducgdo e longevidade (GIANINI; VIEIRA; MOREIRA,
2005). A ma nutri¢ao ¢ um dos fatores ndo genéticos que mais interferem no desenvolvimento
normal dos 6rgdos (MORGANE et al., 1993; BATISTA FILHO; RISSIN, 2003 ). Esse
fendmeno pelo qual um estimulo ou insulto, quando aplicado em fases criticas do
desenvolvimento, pode conduzir a alteragcdes permanentes na estrutura e fun¢ao dos tecidos ¢
conhecido como programacao (LUCAS, 1991; LUCAS; FEWTRELL; COLE, 1999).

Individuos mal nutridos no inicio da vida, onde o periodo de crescimento ocorre de
forma acelerada, apresentam importantes mudancas nas quais o organismo devera ajustar-se
para sobreviver (ENGELBREGT et al, 2000). Um dos mecanismos usados ¢ a diminuigdo na
taxa de divisao celular, com possibilidade de alterar a “programac¢do” da estrutura e fungao do
sistema (LUCAS, 1991; BARKER ¢ CLARK, 1997; DENNISON et al, 1997). Na vida fetal,
os 6rgdos e tecidos do corpo passam pelo chamado periodo critico de desenvolvimento que
coincide com periodos de rapida divisdo celular. Embora o crescimento do feto seja
influenciado por seus genes, alguns autores sugerem que pode ser limitado pelo meio
ambiente (BARKER, 1998; OSMOND e BARKER, 2000; GODFREY ¢ BARKER, 2001).
Quando um individuo recebe uma alimenta¢ao insuficiente quantitativamente ou inadequada
do ponto de vista qualitativo, sobretudo no inicio da vida, o sistema nervoso, Orgao
controlador de toda a atividade metabdlica, programa-se permanentemente para economizar
energia em forma de gordura e reduzir o crescimento para garantir a sobrevivéncia em
condigoes adversas (SAWAYA, 2006).

Em humanos e animais, estudos evidenciaram que a dieta hipoprotéica durante a
gestagdo e lactacdo gera alteracdes fisiologicas e morfologicas que se traduzem em danos
funcionais podendo repercutir por toda a vida (OZANNE; HALES, 2002; GIANINI; VIEIRA;
MOREIRA, 2005). Estudos realizados em humanos demonstraram a existéncia de uma
relagdo entre a ma nutricdo fetal ¢ doengas cronicas na vida adulta (SCRIMSHAW, 1997,

SLOAN et al, 2001), pontuando uma associa¢do entre retardo do crescimento fetal,
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conseqiiente 2 ma nutricdo no utero, com o desenvolvimento de Hipertensdo Arterial
Sistémica (ERIKSSON et al., 2000) e doengas coronarianas na vida adulta (LEISTIKOW,
1998). Lucas (1998) sugeriu a hipotese da existéncia de uma programacao nutricional de
doengas tardias causadas por manipula¢des nutricionais nos periodos pré e pos-natal.

Varios protocolos utilizando dietas de composi¢des diferentes foram propostos para o
estudo dos efeitos da ma nutricdo ou da deficiéncia de determinados nutrientes na formagao,
desenvolvimento e manutengdo das fungdes organicas (HU et al., 2000). Passos et al. 2000
demonstraram que a restri¢ao protéica (8% de proteina) durante a lactagcdo provoca alteragdes
no volume e na composi¢ao do leite das ratas lactantes com repercussoes no ganho de peso da
prole.

Estudo realizado por HU et al. (2000), utilizando uma dieta com restricdo protéico-
caldrica, durante o periodo intrauterino em ratos, apontou para a deficiéncia de proteinas
maternas, como sendo a maior causa de ma nutri¢do. Essa deficiéncia resultou em efeitos
deletérios, tanto no crescimento corpdreo demonstrado por baixo peso e baixa estatura
(TEODOSIO et al., 1990; MARIN et al., 1995; PASSOS et al., 2001; EL-SAYED et al.,
2006; SAWAYA, 2006; GAMA, LIBERTI e SOUZA, 2007), quanto no desenvolvimento de
orgdos ¢ sistemas, tais como intestino, rins, figado, pancreas, coragdo, sistema imunologico
dentre outros (DESALI et al., 1996; DESAI et al., 2005; GURMINI et al., 2005; EL-SAYED
et al., 2006; PORTO et al., 2006).

Além da importancia da presenca dos componentes protéicos e caléricos na dieta
(JEOR et al., 2001), dependendo da fase de desenvolvimento a que o individuo é submetido, a
ma nutrigdo pode também interferir na estrutura e funcdo normal dos oOrgdos e tecidos
(CICOGNA et al., 2001). Em ratos, quando a restri¢ao calorico-protéica ocorre entre as 1* e 3*
semanas do periodo pré-natal, induz repercussdes significativas no ganho ponderal, no
desenvolvimento do sistema nervoso e na morfologia renal (MCCANCE, 1962). Nesses
animais, a fase de maior divisdo celular acontece no periodo de aleitamento, a partir do qual
ocorre maior desenvolvimento dos Orgdos e maturagdo do SNC, portanto, diferindo do
homem, no qual essa fase tem inicio no terceiro trimestre da gesta¢do, estendendo-se até o
segundo ou terceiro ano ap6s o nascimento (GUEDES, 1985).

Estudos nutricionais realizados por TEODOSIO et al. (1990), a partir de uma enquéte
alimentar com a populagdo da Zona da Mata do estado de Pernambuco, permitiram a
formulagdo de um modelo nutricional chamado Dieta Basica Regional (DBR). A DBR ¢
deficiente em proteinas, lipidios, vitaminas, minerais, ¢ tem sido considerada por muitos

pesquisadores como dieta modelo para estudos experimentais de ma nutrigdo em animais,
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visto que seus efeitos assemelham-se aos estados nutricionais observados em comunidades
carentes do Nordeste brasileiro (TEODOSIO et al., 1990; PAIXAO et al., 2001; MONTEIRO
etal., 2001).

3.2 O processo inflamatério

A reagdo inflamatdria ¢ um mecanismo fisiopatologico em resposta a invasdo por um
agente infeccioso ou apenas uma reacdo a uma lesdo de natureza variada (térmica, quimica
e/ou mecanica), sendo representada por um conjunto de reacdes locais e sistémicas do
organismo. Esse mecanismo ¢ composto por varios fendmenos que se associam e se
complementam uns aos outros formando uma reacdo em cascata, que envolve uma complexa
interagdo de células inflamatorias (neutréfilos, linfocitos, mondcitos/macréfagos), das células
vasculares da muculatura lisa e de células endoteliais (TEDGUI e MALLAT, 2001). A
resposta infamatdria visa destruir ou neutralizar o agente agressivo sendo portanto, uma
reacdo de defesa e reparo do dano tecidual (CHANDRASSOMA e TAYLOR, 1993).

A inflamagdo ¢ caracterizada, em sua forma aguda, pelos sinais cardinais de dor, calor,
rubor, edema e perda de fungdo, envolvendo uma série de eventos como: aumento do fluxo
sanguineo e da permeabilidade vascular, exsudagdo de fluidos, migracdo de leucocitos,
liberacdo de agentes algésicos e dos efeitos induzidos por mediadores quimicos no foco
inflamatorio (KUMAR, ABBAS e FAUSTO, 2005).

O resultado principal do processo inflamatério agudo ¢ a bem sucedida resolugdo e
reparo do dano tecidual, mais do que a persisténcia da inflamagdo, que normalmente pode
levar a formagao de queldides, tecido de granulagdo e perda de fungdo (SERHAN e SAVILL,
2005).

A inflamagdo aguda se caracteriza pelo predominio de fenomenos exsudativos
conseqiientes das alteragdes na permeabilidade vascular, levando ao acimulo de liquido na
regido inflamada, fibrina, leucocitos, especialmente neutrofilos e heméacias. Evidéncias
demonstram que varios fatores desempenham importantes papéis na modulagido de cada uma
das fases da resposta inflamatéria aguda. Na fase preococe, mediadores como a histamina e a
bradicinina modulam a resposta inflamatéria aumentando o calibre e o fluxo vascular,
responsavel pelo calor e rubor presente no foco da inflamagdo (KUMAR, ABBAS E
FAUSTO, 2005; ALBERTINI et al., 2004).

A inflamacdo aguda tem duracdo relativamente curta, durando alguns minutos, horas

ou dias e ¢ independente da natureza do agente agressor, sendo a resposta muito similar aos
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diferentes estimulos. A resposta fisioldégica que ocorre imediatamente apds um estimulo
agressivo ¢ referida como uma fase precoce (0-1 hora), ao contrario do que ocorre na fase
tardia da inflamag¢do aguda (5-6 horas apds a lesdo), onde as células inflamatorias se
acumulam no local lesado (ALBERTINI et al., 2004).

Durante a fase tardia da inflamagdo aguda, ha predominancia de eventos celulares que
se caracterizam pela marginacdo, aderéncia endotelial, diapedese e migracao dos leucdcitos
para o foco da lesdo decorrentes de estimulos quimiotiticos. Todos os granuldcitos,
monocitos, € em menor grau, linfocitos respondem aos estimulos quimiotaticos com taxas
variaveis de velocidade (KUMAR, ABBAS E FAUSTO, 2005). Diversas substancias
enddgenas e exogenas podem atuar como agentes quimiotaticos. Os agentes quimiotaticos
exdgenos sdo principalmente produtos bacterianos. Dentre as substancias endoégenas que
podem atuar como agentes quimiotaticos, podem ser citados: componentes do sistema
complemento- C5a (KILGORE et al., 1994), fator de atvagdo plaquetaria (PAF) (KIM et al.,
1995), wvarios produtos da lipooxigenase- Leucotrieno Bs (LTB4) ou dacidos
hidroxieicosatetraendicos (HETEs) (FREED et al., 1999) e alguns produtos da ciclooxigenase
como as prostaglandinas (ISSEKUTZ et al., 1982).

Os leucocitos penetram nos tecidos através da passagem pelas paredes dos vasos
sanguineos, apos a ligagcdo por intermédio de moléculas de adesdo aos respectivos receptores
no endotélio e subsequente processo de transmigracao pelo endotélio. A migracdo leucocitaria
para dentro dos tecidos ¢ essencial para defesa contra patdgenos e antigenos estranhos ao
organismo. No entanto, este mesmo fenomeno pode produzir inflamacdo inapropriada e
destruicao tecidual em varios tipos de doengas inflamatdrias cronicas, agudas e auto-imunes
(JAAKKOLA et al., 2000).

A ativagdo leucocitéria, liberagdo de radicais livres, proteases, metabolitos do acido
araquiddnico, citocinas inflamatorias e antiinflamatérias liberadas no local inflamado podem
induzir a secre¢ao de quimiocinas e substancias imunomoduladoras pelas células endoteliais,
epiteliais e células intersticiais, criando uma reposta inflamatoria local exacerbada
(RINALDO et al., 1990; AGOURIDAKIS et al., 2002). Os eventos seguintes dessas
interagdes humorais/celulares sdo importantes para iniciagdo e propagacdo da resposta
inflamatoria responsavel por injtrias teciduais (STRIETER et al., 1994).

A inflamacdo cronica tem duracdo prolongada (semanas a meses), na qual ha
inflamacdo ativa, destrui¢do tecidual e as tentativas de reparo estdo ocorrendo
simultaneamente. Embora possa suceder a inflamagdo aguda, a inflamacao cronica comega,

com freqiiéncia, de maneira insidiosa, como uma resposta de baixo grau, latente e muitas



19

vezes pela auséncia dos sinais cardinais da inflamacdo. A inflamagdo cronica origina-se de
infeccdes persistentes por certos microrganismos, por exposicado prolongada a agentes
parcialmente toéxicos (inalacdo de silica) e de distirbios de auto-imunidade (Artrite
Rematoide, Lupus Eritematoso Sistémico) (COLLINS, 2000).

Diferentemente da inflamacdo aguda que se manifesta por alteragdes vasculares,
edema e infiltragdo, principalmente de neutrofilos, a inflamacao cronica se caracteriza por:

e Infiltragdo de células mononucleares, que incluem macréfagos, linfocitos e
plasmocitos;

e Destruicdo tecidual induzida sobretudo pelas células inflamatorias;

e Tentativas de cicatrizagdao por substituicdo do tecido danificado por tecido conjuntivo,
realizada por proliferacdo de pequenos vasos e em particular fibrose (COLLINS,
2000).

Durante a evolucdo do processo de reparo, os eventos que ocorrem sdo: infiltracdo de

neutrofilos, infiltracio de macréfagos, fibroplasia e deposicdo de matriz extracelular,

angiogénese, cicatrizagio e reepitelizagdo (GERSZTEN et al., 1999).

3.3 Mediadores quimicos envolvidos na resposta inflamatoria

Os mediadores do processo inflamatorio originam-se do plasma ou das células. Os
mediadores oriundos do plasma estdo presentes em formas precursoras que devem ser
ativadas, em geral por uma série de clivagens proteoliticas, a fim de adquirir suas
propriedades biologicas. Os mediadores oriundos de células estdo contidos em granulos
intracelulares que precisam ser secretados (por exemplo histamina nos mastocitos) ou sdao
sintetizados originalmente (p.ex. prostaglandinas, citocinas) em resposta a um estimulo. As
principais fontes celulares sdo as plaquetas, os neutrofilos, os monodcitos/macrofagos,
mastocitos e as células mesenquimais (endotélio, musculo liso) e fibroblastos também podem
ser induzidos a elaborar alguns mediadores) (COLLINS, 2000).

A inflamag¢do ¢ desencadeada, conduzida, controlada e extinta pela presenca de
mediadores quimicos, cada um com um papel especifico, atuando em estagios definidos da
resposta inflamatéria. Dividem-se nos seguintes grupos: aminas vasoativas (histamina e
serotonina), proteases plasmaticas (sistema de cinina- bradicinina, sistema complemento,
sistema de coagulacao-fibrinolitico); metabolitos do 4cido araquidonico (via ciclooxigenase e

via lipooxigenase), proteases lisossOmicas, radicais livres derivados do oxigénio, fatores
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ativadores das plaquetas (PAF), quimiocinas, citocinas e 6xido nitrico (KUMAR, ABBAS E
FAUSTO, 2005; ALBERTINI et al., 2004).
AMINAS VASOATIVAS

A histamina encontra-se distribuida nos tecidos, sendo os mastocitos, normalmente
presentes no tecido conjuntivo adjacente, a fonte mais rica. Também ¢ encontrada nos
basofilos e plaquetas. Em humanos, a histamina causa dilatacdo das arteriolas e aumento da
permeabilidade vascular. E considerada o principal mediador na fase imediata de aumento da
permeabilidade vascular e exerce seus efeitos pela ocupacao principalmente de receptores H1
localizados nas células endoteliais (COLLINS, 2000).

A serotonina possui agdes semelhantes as da histamina e foi originalmente isolada do
sistema das células enterocromafins na mucosa gastrointestinal, mas também esta presente no
sistema nervoso central e nas plaquetas (BARMAN, 1997).

MICHEL e KENDALL (1997) demonstraram que os efeitos da serotonina e¢ da
histamina eram temporarios, com picos de aumento da permeabilidade dentro de 3 minutos
apés microperfusio com a serotonina € entre 6 a 9 minutos com a histamina. A
permeabilidade retornou aos niveis normais entre 12 e 30 minutos, a despeito da presenga do
mediador no perfusato. Portanto, a mudanca de permeabilidade durante o tempo corresponde

aproximadamente com a abertura e fechamento dos “gaps” no endotélio vascular.

CININAS

As cininas se interrelacionam com dois fatores derivados do plasma, o sistema
complemento e da coagulagdo. A bradicinina e a lisil-bradicinina sdo peptideos cujo precursor
¢ o cininogénio de alto peso molecular, presente na fragdo globulinica do plasma. Sao
hormonios ativos localmente e liberados principalmente pela calicreina plasmatica (BHOOLA
etal., 1992).

Classificada como autacoide de agdo local, a bradicinina produz dor, vasodilatacdo,
aumento da permeabilidade vascular, sintese de prostaglandinas, liberagdo de histamina dos
mastocitos, etc. Possui capacidade de contrair a musculatura lisa extra-vascular,
especialmente Utero de rato e ileo de cobaio. O mecanismo de a¢do das cininas envolve a
ativacdo de 3 receptores, B, B, e B3 que por meio da ativagdo da fosolipase C, aumenta as
concentragdes de célcio citosolico. Além disso, a bradicinina também ¢ capaz de ativar a

fosfolipase A,, resultando em sintese de eicosanoides (GARRISON, 1991).
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SISTEMA COMPLEMENTO

Compreende 20 proteinas encontradas em maior concentracdo no plasma e funciona
na imunidade inata e adaptativa, defendendo o organismo contra agentes microbianos através
de lise pelo chamado Complexo de Ataque a Membrana (CAM) (REID et al., 1998). Na
formacdo do CAM, uma série de componentes do complemento sdo produzidos, causando
aumento da permeabilidade vascular, quimiotaxia e opsonizagdo (MORGAN, 1995). Os
fatores derivados do complemento executam uma série de fenomenos na inflamagdo aguda.
C3a e o C5a podem aumentar a expressdo do receptor para adesdo celular endotelial
neutrofilica, induzir extravasamento vascular, atrair leucocitos por quimiotaxia e estimular a
liberac¢do de histamina e enzimas liticas na area afetada (KAJITA et al., 1990; MEUER et al.,
1981).

SISTEMA DE COAGULACAO

A inflamacdo e a coagulagdo sdo dois processos intimamente relacionados que fazem
parte de uma unica resposta defensiva do organismo. Alguns estudos ja referiram o
envolvimento da formagdo de fibrina no edema de pata induzido por carragenina,
estabelecendo uma ligacdo entre a inflamacao e a coagulacdo (WISEMAN et al., 1968).

De acordo com CICALA et al (1998), apds dano ao endotélio vascular, uma proteina
receptora de alta afinidade para trombina ¢ liberada (trombomodulina). O complexo trombina-
trombomodulina ativa a Proteina C que forma um complexo com um co-fator, a proteina S no
endotélio. A proteina C ativada inibe a coagulagdo e ativa a via fibrinolitica. Por outro lado, a
trombina ativa a via da proteina C, agindo como inibidor de sua prépria produgdo por
feedback negativo. Portanto, a presenga de trombomodulina no endotélio ¢ a integridade da
via da proteina C sdo requisitos fundamentais para um correto balanco entre a coagulagdo e a
fibrindlise (ESMON et al., 1991).

A trombina tem se mostrado indutora de varias respostas celulares que estdo
envolvidas na inflamacao, tais como: quimiotaxia para mondcitos e neutrofilos, mitogénese
para diferentes tipos celulares e estimulacdo das células endoteliais com liberagao de

prostaciclina (PGI,) (OHBA et al., 1996).
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METABOLITOS DO ACIDO ARAQUIDONICO

A principal fonte de eicosandides ¢ o acido araquidonico (AA) (4cido 5,8,11,14-
eicosatetraenodico), um acido graxo insaturado com 20 4tomos de carbono contendo quatro
ligacdes duplas. O acido araquidonico ¢ encontrado esterificado nos fosfolipideos da
membrana e varios estimulos, como a trombina das plaquetas, o fragmento do sistema
complemento C5a nos neutrofilos, as reagdes antigeno-anticorpo nos mastocitos e lesdes
celulares sdo estimulos para libera¢dao do acido araquidonico. O AA livre, liberado a partir dos
fosfolipidios de membrana pela enzima fosfolipase A,, ¢ metabolizado por diversas vias: via
das ciclooxigenases, que iniciam a biossintese das prostaglandinas (PGs) e tromboxanos
(TXs), e por vérias lipooxigenases que iniciam a sintese dos leucotrienos (LTs), as lipoxinas e
outros compostos. (RANG et al, 2007).

Em células de mamiferos as cicloxigenases (COXs) existem em pelo menos duas
isoformas (COX-1 e COX-2). A COX-1 ¢ uma enzima constitutiva, expressa em quase todo
tipo de célula responsavel pela producdo de prostaglandinas (PGs), com fungdo fisiologica,
em diversos orgaos, e tromboxano A, (TXA;) que é expresso nas plaquetas. A COX-2, por
outro lado, geralmente estd ausente na maioria dos tecidos (com excec¢do dos rins, partes do
cérebro e utero gravidico, onde a COX-2 ¢ constitutiva), mas sua expressao pode ser
facilmente induzida por numerosos estimulos como fatores de crescimento, promotores de
tumor ou citocinas produzindo grandes quantidades de PGs, em particular PGE2 e PGI2, que
sdo mediadores pro-inflamatérios que atuam aumentando a permeabilidade vascular e
promovendo edema nos locais inflamados. A COX-2 ¢ expressa por células que estdo
envolvidas na inflamagdo (por exemplo, neutrofilos, macrofagos, mondcitos, mastdcitos,
sinoviocitos), surgindo como a principal isoforma responsavel pela sintese de prostanoides
envolvidos nos processos patoldgicos, tanto manifestagdes agudas como em estados
inflamatorios cronicos (GOMES et. al., 2009).

As prostaglandinas, na maior parte PGE2 e prostaciclinas, sdo mediadores importantes
em processos inflamatorios, de dor e de febre. Em areas de inflamagdo aguda, a PGE2 ¢ a
PGI2 sdo produzidas pelos vasos sanguineos locais. Na inflamagao cronica, as células da série
mondcitos-macrofagos também liberam PGE2 e¢ TXA2. A PGE2, PGI2 e PGD2 sao
poderosos vasodilatadores e atuam de modo sinérgico com outros vasodilatadores
inflamatorios como a histamina e a bradicinina (RANG et al., 2007).

O tromboxano A2 (TXA2) ¢ outro metabolito do acido araquidonico produzido

durante a catéalise do AA pela COX através da enzima tromboxano sintetase (TXS). E um dos
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mais potentes indutores da vasoconstriccdo e agregagdo plaquetaria, acredita-se que
desempenha um papel importante na patogénese dos disturbios circulatorios, incluindo infarto
do miocardio, angina e acidente vascular cerebral (SATO, 1995; NAKAHATA, 2008).

As lipooxigenases sdo encontradas nos pulmodes, nas plaquetas, nos mastocitos e nos
leucdcitos. A principal enzima desse grupo ¢ a 5-Lipooxigenase, a primeira enzima na
biossintese dos leucotrienos. O Leucotrieno B4 (LTB4) pode ser encontrado em exsudatos
inflamatorios e ocorre nos tecidos em muitas condi¢Oes inflamatorias, incluindo a artrite
reumatoide. H4 evidéncia de que estes contribuem para a hiperreatividade bronquica
subjacente em asmaticos e acredita-se que estejam envolvidos entre os principais mediadores
tanto na fase inicial quanto na tardia da asma (RANG et al., 2007). Ao atuar sobre os
receptores, produz adesdo, quimiotaxia de Polimorfonucleares (PMN) e macrofagos além de
aumentar a producdo de citocinas como a IL-6, relacionada com destruicdo tissular, por parte
dos mondcitos, e a IL-5, a partir dos linfocitos T (AMATLLER; ANTEZANA, 2007; BECA;
HERNANDEZ; BASCONES, 2007), agindo também como agregante plaquetario (RIVER-
RAMIREZ; MENDONZA-MAGANA; RACETTE, 2008).

As lipoxinas possuem varias agdes bioldgicas, sendo algumas pro-inflamatorias e
outras antiinflamatérias. Causam vasodilatagdo em modelos in vivo e in vitro. Em certos
tecidos, as lipoxinas podem estimular a formagao de prostaciclinas pelas células endoteliais, o

que pode contribuir para a vasodilatagdo (SERHAN, 2007).

PROTEASES LISOSSOMICAS

Ap6s a adesdo ao endotélio vascular, os neutrofilos migram para o sitio infectado onde
liberam radicais livres do oxigénio e seus constituintes internos, incluindo granulos de
proteinas azurdfilos (BORREGAARD et al., 1997). Recentemente foram descobertos muitos
mecanismos potencialmente patogénicos pelos quais proteinases € mieloperoxidases liberadas
de granulos neutrofilicos produzem efeitos deletérios nos tecidos e células em multiplos
modelos experimentais (JOHNSON et al., 1987). Estas proteases degradam moléculas da
matriz extracelular como a elastina, fibronectina, laminina e colageno tipo IV resultando na
destruicdo tecidual tipica de alguns processos inflamatorios purulentos (BORREGARD et al.,
1997).

RADICAIS LIVRES DO OXIGENIO
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O estresse oxidativo agudo e cronico ao endotélio vascular causa séria disfun¢do nas
células endoteliais ¢ desempenha um importante papel na fisiopatologia de varias doengas
inflamatorias. Dois aspectos da disfuncdo endotelial podem ser particularmente importantes
na determinacdo da doenga inflamatdria: o aumento da permeabilidade vascular e o aumento
da adesdo endotelial para os leucécitos, ambos fatores criticos para a formag¢ao do edema e
extravasamento de leucocitos (LUM et al., 2001).

Espécies reativas do oxigénio funcionam como moléculas sinalizadoras, estimulando
atividades celulares que vao desde a secre¢do de citocinas e de quimiocinas até a proliferacao
celular e, em altas concentragdes, elas podem produzir injuria e morte celular por modificagao
oxidativa de proteinas e carboidratos e peroxidagao de lipidios. Estas respostas diversas estdo
relacionadas a varios fatores, tais como as espécies prevalentes no local da inflamacao,
concentragdo dos oxidantes e a capacidade antioxidante local assim como as células-alvo

(LANDER, 1997).

FATOR DE ATIVACAO PLAQUETARIA

O Fator de Ativagdo Plaquetaria (PAF) ¢ um fosfolipidio biologicamente ativo,
inicialmente descrito por seus efeitos como agregante plaquetario e como um produto liberado
pelos basofilos. Atualmente, sabe-se que o PAF pode ser produzido por muitas células
inflamatorias, incluindo leucoécitos, plaquetas, macrofagos e células endoteliais. O PAF tem
sido considerado um mediador de processos inflamatorios agudos, de respostas sist€émicas ao
choque ¢ de reacdes alérgicas. Apresenta diversas acdes pro-inflamatorias, entre elas a
estimulacdo da formacdo de eicosandides, producdo de superanion e ativagdo da fosfolipase

A2 (MYERS et al., 1995).

CITOCINAS

Independente de qualquer definicdo, o termo citocina compreende as monocinas
(mediadores derivados dos mondcitos/macréfagos) e linfocinas (mediadores derivados dos
linfocitos) (TURNBULL et al., 1999). As quimiocinas e interleucinas fazem parte deste
grupo, que se caracteriza por apresentar meia-vida curta, modulagdo da resposta imune,
interagdo com outras citocinas, assim como reconhecimento por receptores especificos

(ZHANG, 2008). As principais citocinas que medeiam a inflamacao sdo a Interleucina-1p
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(IL-1B) e o Fator de Necrose Tumoral (TNF-a). A IL-1B ¢ o TNF compartilham muitas
propriedades bioldgicas (DINARELLO, 1996; BEUTLER, 1995).

A IL-1P e o TNF-a sdo reconhecidas como as iniciadoras dos processo inflamatoério,
pois ativam uma cascata complexa, envolvendo mais de 20 outras citocinas, além dos
sistemas de coagulagdo e do complemento (SANTOS et al., 2004). A sintese ¢ a liberagdo de
proteinas de fase aguda de classe 1 ¢ iniciada pelas citocinas pro-inflamatorias IL-1 e TNF-a
via um mecanismo que ¢ mediado pela interleucina-6 (IL-6) (COUPADE et al., 2001).
Promovem ainda a adesdo de leucécitos as células endoteliais e acionam outros eventos
inflamatorios (WAN et al., 1989).

A IL-1 tem sido associada com a ativa¢ao de linfocitos T e de varias células nao-
linfoides, incluindo as células endoteliais, nas quais a atividade pro-coagulante ¢ induzida. E
uma das responsaveis por induzir a expressao da molécula de adesao ICAM-1. Além de estar
relacionada a pirogenicidade, ¢ responsavel pela sintese de outras citocinas como IL-6 pelos
mondcitos, atuando sinergicamente com o TNFa (WAN et al., 1989; LEMAY et al., 1990) O
TNF-a aumenta a aderéncia de neutréfilos as superficies endoteliais aumentando o nimero de
sitio de ligagdes nos neutrdfilos e nas células endoteliais. Trata-se ainda de um agente
quimiotatico para neutr6filos e mondcitos, estimula a fagocitose e a produgdo de outras
citocinas pro-inflamatérias como algumas quimiocinas, estando ainda relacionado com a
producdo de hipernocicepgdo inflamatdria, juntamente com a IL-1 (WAN et al., 1989;
CAMUSSI, 1991; ZHANG, 2001; CUNHA et al., 2007).

A Interleucina-6 (IL-6) que ¢ produzida em resposta a agdo da IL-1p e/ou a acdo do
TNF- o, ¢ uma citocina multifuncional que foi originalmente identificada como um fator de
diferencia¢do de células B envolvidas na maturagdo de células produtoras de anticorpos. E
uma proteina de cadeia simples produzida por células B, células T, mondcitos, fibroblastos e
certamente por outros tipos de células (SANTOS et al., 2004). E considerada como um
mediador fundamental em diversas etapas da inflamagdo (GALLUCCI et al., 2000). Dente os
varios efeitos pro-inflamatdrios que lhe sdo atribuidos estdo os seus efeitos quimioatraentes
sobre os neutrofilos na fase mais precoce e os intimamente relacionados ao processo de reparo
e a indug@o mitdtica de queratindcitos na fase mais tardia (SATO et al., 1999).

A familia das quimiocinas € composta de aproximadamente 50 membros. Sao
proteinas homologas de 8 a 10KD que sdo subdivididas em quatro familias (C, CC, CXC e
CX;C) baseadas na posicgdo relativa dos residuos de cisteina na proteina madura (VOLIN et
al., 2001). Apesar de a agdo das quimiocinas ser mais evidente na quimiotaxia de macrofagos

e linfocitos, alguns membros desta familia de moléculas, como a proteina quimioatraente de
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macrofagos (MCP-1) exerce esta funcao também sobre neutrofilos (CHRISTOPHERSON e
HROMAS, 2001).

Sao secretadas em sitios de inflamagdo e infeccdo por células teciduais residentes,
leucocitos residentes e recrutados e células endoteliais ativadas por citocinas. O aumento da
secrecdo de quimiocinas durante a inflamagdo resulta no recrutamento seletivo de leucdcitos
para dentro do tecido inflamado. Os principais estimulos para a producao de quimiocinas sao
citocinas pro-inflamatorias como a IL-1 e TNF-a, produtos bacterianos e infec¢do viral. A
capacidade de controlar precisamente o movimento de células inflamatorias sugere que as

varias quimiocinas e seus receptores podem gerar novos alvos para intervengdes terapéuticas

(LUSTER, 1998).

OXIDO NITRICO

O ¢6xido nitrico (NO) ¢ uma pequena molécula lipofilica gasosa, capaz de difundir-se
facilmente através das membranas biologicas. Trata-se, na verdade, de um radical livre,
extremamente reativo dentre uma série de 6xidos de nitrogénio, que pode reagir com outros
radicais, formando espécies tdo ou mais biologicamente ativas do que a molécula original
(BRUCKDORFER, 2005).

O NO ¢ gerado via oxidagdo da L-arginina pela enzima chamada 6xido nitrico sintase
(NOS) (NATHAN, 1997). Existem trés isoformas da NOS identificadas, duas sdo expressas
constitutivamente, sendo dependentes de célcio/calmodulina e classificadas como endotelial
(eNOS) e neuronal (nNOS) e uma ¢ induzivel por citocinas e ¢ independente de
calcio/calmodulina (iNOS) (MONCADA et al., 1995).

O papel do NO na inflamacdo estd relacionado a varias fungdes: relaxamento do
musculo liso vascular, redu¢do da agregagao e aderéncia plaquetaria, reducao do recrutamento
de leucoécitos, acao citostatica e citotoxica através de mecanismo mediados por radicais livres
que sdo protetores contra agentes infecciosos e células tumorais, mas que também podem ser
lesivos para o proprio organismo, contribuindo para o estabelecimento de doengas

inflamatorias (RIBBONS et al., 1997).
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3.4 Eventos vasculares da resposta inflamatoria e formacao do edema

O endotélio controla o tonus vascular a partir de musculos lisos vasculares pela
liberagdo de varias substancias vasoativas, incluindo o NO, espécies reativas do oxigénio, ions
potassio, metabolitos do acido araquidonico, como algumas prostaglandinas (PGI,, PGD,,
PGE,) e alguns leucotrienos (LTB4) (LAWRENCE et al., 2002).

O endotélio se comporta como uma camada condutiva propagando sinais elétricos ao
longo do vaso sanguineo, através das “gaps junctions” percorrendo toda parede vascular. Essa
condugdo elétrica ativa canais de Ca®" voltagem dependentes, aumentando assim a
concentracio de Ca’” e conseqiientemente abrindo canais de K™ dependentes de canais de
Ca®". Esses canais sdo os canais Ca*" de pequena condutincia, amplamente distribuidos pela
membrana plasmatica, e os canais de condutancia intermedidria, expressos potencialmente nas
células endoteliais em dire¢io as células do musculo liso (FELETOU e VANHOUTTE,
2009).

A vasodilatagdo resulta em geracdo de calor e rubor local e tem como fun¢do aumentar
o aporte de mediadores inflamatorios e de leucocitos circulantes no tecido inflamado,
ocorrendo inicialmente nas arteriolas (LAWRENCE et al.,, 2002). Sob as condig¢des
fisiopatologicas da inflamacao, a hiperpermeabilidade vascular ¢ promovida por mediadores
circulantes e fatores de crescimento que se ligam aos receptores endoteliais e desse modo
disparam sinais nessa barreira, até entdo semipermedvel, permitindo assim o extravasamento
plasmatico e de proteinas formando o edema inflamatorio, também denominado de exsudato
(KUMAR et al., 2009).

Dentre estes mediadores, destacam-se a histamina, a bradicinina, os leucotrienos, os
componentes do sistema complemento, o fator de ativagdo plaquetaria e o fator de
crescimento endotelial vascular (VEGF) (LAWRENCE et al., 2002; KUMAR et al., 2009).

As células endoteliais sdo unidas por proteinas de adesdo transmembranar que formam
as regides de jun¢do. Existem as juncdes de oclusdo (tight junctions) e as junc¢des aderentes
(adherens junctions), que impedem a passagem de proteinas do plasma (por exemplo,
albumina e imunoglobulinas) para o espago extravascular (DEJANA et al., 2009).

O estimulo edematogénico ¢ capaz de induzir a contracdo de células endoteliais,
permitindo a formacao de espacgos entre as mesmas, e consequentemente o efluxo de liquidos
e proteinas para o tecido. A passagem de liquidos e proteinas através do endotélio pode ainda
ocorrer através da propria célula endotelial, mediado por poros chamados “fenestras”

(estruturas dindmicas capazes de contrair e dilatar) ou por transporte vascular através das
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cavéolas (invaginagdes na membrana plasmatica que funcionam como vesiculas endociticas)

(RYAN e MAJNO, 1977; SERHAN et al., 2008).

3.5 Moléculas de adesio de membrana envolvidas na migracao leucocitaria

Uma importante forma de ativagdo de células na microcirculacdo ¢ a expressao de
moléculas de adesdo de membrana que facilitam a fixagdo de células circulantes ao endotélio
e de estruturas teciduais sobre o qual migram. Duas classes gerais de moléculas de adesdo sao
descritas nos leucocitos: as integrinas e selectinas e seus ligantes. Elas sdo pré-expressas na
membrana plasmatica e também em granulos citoplasmaticos ou podem ser sintetizadas
novamente apos estimulagao (SCHMID-SCHONBEIN, 2006).

A fixacdo inicial de leucocitos as membranas endoteliais ¢ facilitada por selectinas,
um grupo de trés lectinas de mamiferos (P, E e L-selectina). As L-selectinas localizam-se
preferencialmente na regido final das microvilosidades das membranas dos leucocitos que
fazem ligacdo inicial com o endotélio. J& P-selectina é pré-expressa em vesiculas de
membranas das células endoteliais € podem também ser induzidas por sintese protéica. A E-
selectina ¢ encontrada predominantemente no endotélio e precisa ser induzida em condi¢des
inflamatorias (SCHMID-SCHONBEIN, 2006).

Em contrapartida, a firme adesdo a membrana e a disseminacdo de células no
endotélio sdo facilitadas pelas integrinas, uma familia de heterodimeros e receptores tirosina
quinase que atribuem sitios de adesdo a matriz extracelular para as proteinas estruturais na
célula citoplasmatica e sdo também sinalizadores moleculares. Uma das mais importantes
integrinas na reagdo inflamatoria ¢ a CD11b/CD18 (também conhecido como receptor
complemento 3 ou Mac-1) expressa nos neutrdfilos, macréfagos, monoéceitos e em linfocitos
natural killer. Mac-1 pode se ligar a uma variedade de ligantes, sendo a molécula de adesao
intercelular 1 (ICAM-1) um dos mais importantes, expressa em células endoteliais especificas
em vénulas da microcirculagdo e menos expressa em ateriolas e capilares. ICAM-1 ¢ um
membro da superfamilia das imunoglobulinas e sua expressdo ¢ regulada através de
mecanismos de transcri¢do na microcirculagao que sao largamente desconhecidos (SCHMID-

SCHONBEIN, 2006).
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3.6 Marcadores da resposta de fase aguda

A resposta de fase aguda iniciada pela IL-1 ou TNF, ou ambas, inclui febre,
catabolismo musculo-esquelético, aumento hepatico de sintese de proteinas de fase aguda,
alteragdo do sistema endocrino e neutrofilia (WAN et al., 1989).

Em resposta a lesdo tecidual ou a inflamagdo aguda, muitas proteinas plasmaticas
sintetizadas pelo figado exibem mudancas quantitativas que se manifestam em tempo varidvel
apos o inicio da resposta de fase aguda. Proteinas com um aumento transitdrio na sintese e na
concentragdo plasmatica sdo chamadas de proteinas positivas de fase aguda, enquanto que
aquelas proteinas cuja sintese diminui sdo chamadas de proteinas negativas de fase aguda. Em
muitas espécies de mamiferos, a regulagdo da expressdo dos genes das proteinas de fase aguda
¢ mediada por citocinas inflamatorias que incluem principalmente Interleucina-6 (IL-6),
Interleucina-1 (IL-1) e Fator de Necrose Tumoral (TNF) (LYOUMI et al., 1998).

Os efeitos das citocinas sobre o padrdo de expressao gé€nica hepatica durante o
processo inflamatorio permite distinguir duas classes de proteinas de fase aguda: a classe 1
em humanos inclui a Hepatoglobina, Proteina C Reativa (PCR), Amildide Sérica A (SSA), a-
1 glicoproteina 4acida (AGP) e Hemopexina, reguladas principalmente por IL-1 ou
combinacdes de IL-1, IL-6 e glicocorticoides. A classe 2 inclui o fibrinogénio, a-1
antiquimotripsina ¢ a o-1 antitripsina e sdo reguladas exclusivamente pela IL-6 e
glicocorticoides (LYOUMI et al., 1998).

A IL-6 estimula, no figado, a sintese de algumas proteinas como a a-1 glicoproteina
acida, a amildide sérica A e a PCR e inibe a sintese de outras proteinas como a transferrina e a
albumina. Os marcadores da resposta inflamatoria mais sensiveis sdo elevado nivel sérico de

PCR e o reduzido nivel sérico de albumina (SANTOS et al., 2004).

3.7 Fase Subcronica da Resposta Inflamatoéria

A lesdo granulomatosa induzida por “pellets” de algodao ¢ um modelo de inflamagao
subcronica indicativo da fase proliferativa da inflamagao. De acordo com COLLINS (2000), a
inflamacdo granulomatosa ¢ um tipo especifico de inflamag¢do desencadeada por uma
variedade de agentes infecciosos e nao infecciosos. Um granuloma ¢ uma area focal de
inflamacdo granulomatosa e consiste em uma agregacdo de macrofagos que estdo
transformados em células de aparéncia epitelial (epitelidide), circundadas por leucdcitos

mononucleares, principalmente linfocitos. De acordo com FREITAS (1997), varios
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mediadores estdo envolvidos na fase subcronica da inflamagdo. Fatores quimiotaticos como
produtos do sistema complemento (C5a e C567), LTB4, linfocinas, histamina, bem como
fator de necrose tumoral (TNF-0) e vdrias interleucinas, numa complexa organiza¢do

funcional, seriam os responsaveis pelas etapas do processo.

3.8 Indometacina

A indometacina ¢ um farmaco derivado do acido indolacético, pertencente a categoria
dos antiinflamatdrios nao-esterdides (AINEs). Da mesma forma que os outros AINEs, a
indometacina apresenta potente atividade antiinflamatéria, além de acdo analgésica e
antipirética. E empregada em doengas inflamatorias reumaticas, sendo também indicada em
situacdes ndo inflamatorias como doencas degenerativas das articulagcdes (osteoartrite e
espondilite anquilosante), colicas, febre e dor de cabeca (ROBERTS II e MORROW, 2001).

O efeito antiinflamatorio da indometacina ¢ mediado tanto pela inibi¢do de ambas as
isoformas da COX quanto pela redu¢do da migracdo dos neutrdfilos (JACOBS e BIJILSMA,
1997, PESKAR, 2001). Em funcao de seu efeito inibitério sobre a COX-1, a indometacina
apresenta importantes efeitos adversos, que sao dose-dependente e restringem sua utilizagao a
doencas inflamatérias severas, nas quais outras alternativas terapéuticas ndo sdo efetivas
(ROBERTS II e MORROW, 2001). Sua toxicidade estd relacionada principalmente ao trato
gastrintestinal, no qual pode provocar ulceragdes, perfuragdes e hemorragias. Tem sido
observado que um efeito citotoxico direto independente das COXs estd envolvido com o
desenvolvimento de lesdes gastrintestinais (TOMISATO et al., 2004). A inibi¢ao de
prostaglandinas renais protetoras dos efeitos vasoconstritores de angiotensina e catecolaminas
pode agravar disfuncdes renais preexistentes e causar insuficiéncia renal, tornando necessaria
a interrup¢do do tratamento para a reversdo do quadro clinico (ROBERTS II e MORROW,
2001; WANNMACHER e FERREIRA, 2004).

Os efeitos dos AINEs em pacientes com artrite reumatdide sao atribuidos a inibi¢do da
ativacdo leucocitaria e adesdo de leucocitos, fungdo que parece ser independente da inibigao
da sintese de prostaglandinas. Entretanto, assim como outros AINEs, o uso da indometacina
no tratamento de doengas reumaticas visa apenas o alivio dos sintomas, principalmente a dor e
a inflamag¢do, uma vez que inexistem tratamentos que possam ser considerados terapias
definitivas, ou capazes de impedir as deformidades e a perda de func¢do locomotora
relacionadas com essas doengas (ROBERTS II e MORROW, 2001; WANNMACHER e
FERREIRA, 2004).
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Hartel et al. (2004) avaliaram o impacto da inibi¢do da COX pela indometacina na
producdo de citocinas. Monocitos incubados com diferentes concentragdes terapéuticas desse
farmaco apresentaram aumento dose-dependente na expressdo de fator de necrose tumoral
(TNF) e de interleucina-6 (IL-6). Dessa forma, o estudo propde que a indometacina esta
associada ao aumento da expressao de citocinas pro-inflamatérias, sugerindo que a inibig¢ao da

COX poderia ser crucial para a imunomodulagdo pro-inflamatoria.

3.9 Nutricao, sistema imune e inflamacao

O sistema imunologico ¢ filogeneticamente dividido em imunidade inata ou nao
especifica e sistema imune adaptativo ou especifico, havendo uma interagdo entre esses
sistemas em niveis moleculares e celulares. A imunidade inata ¢ caracterizada pela presenga
de neutroéfilos, encontrados em maior abundancia no sangue periférico, com importante papel
na fase inicial das reagdes inflamatorias. Sdo sensiveis a agentes quimiotaxicos como
produtos de clivagem de fragdes do complemento (C3a e C5a) e substincias liberadas por
mastocitos e basofilos. Estdo entre as primeiras células a migrarem dos vasos para os tecidos
atraidos por quimiocinas, como a IL-8, e sdo ativados por diversos estimulos, como produtos
bacterianos, proteinas do complemento (C5a), imunocomplexos (IC), quimiocinas e citocinas
(WAN et al., 1989; REAVES et al., 2005).

Os macroéfagos também participam da resposta imune inata, e juntamente com 0s
neutrofilos, sdo responsaveis pela fagocitose e morte de muitos microorganismos patogénicos.
Além de mediar as respostas de fase aguda, os macrofagos sao responsaveis pela apresentagao
e processamento de antigenos, desencadeando assim a resposta imune especifica.
Potencializam a ativagdo de Linfécitos T e Linfocitos B pela expressao de moléculas co-
estimuladoras e liberam citocinas pro-inflamatérias como IL-1, IL-6, IL-12, TNF-o e
quimiocinas (WAN et al., 1989; HEYWORTH et al., 2003).

Evidéncias sugerem que insulto nutricional decorrente da desnutrigdo protéico-
energética contribui para anormalidades na resposta inflamatdria. O principal objetivo da
terapia nutricional na doenca inflamatéria é fornecer proteina e energia suficientes para
atender as necessidades endogenas para reparagdo tecidual, producao de IL-1 e restauracao da
funcdo celular, evitando assim infec¢des secundarias. O suporte nutricional durante a fase
aguda da resposta inflamatéria deve ser direcionado para redistribui¢do de aminoacidos e

conseqiiente regulacdo da sintese protéica, uma vez que a sintese de anticorpos, produgdo de
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linfocitos, citdlise mediada por células e producdo de citocinas sdo dependentes da sintese
protéica (WAN et al., 1989).

O periodo critico de desenvolvimento do sistema imunoldégico ocorre a partir das
primeiras semanas de vida pré-natal, sendo a competéncia imunologica adquirida
gradualmente apds o nascimento tanto em humanos como em animais (SPENCER et al.,
2006). A desnutrigdo, uma importante causa de imunossupressao em periodos criticos da
gestacdo e maturacdo neonatal, prejudica o desenvolvimento e diferenciagdo de um sistema
imunolégico normal. Tem sido relatado que tanto a morfogénese da medula 6ssea vermelha,
em termos quantitativos, como também a funcdo das células imunologicas em adultos
submetidos a desnutri¢do intrauterina estdo comprometidos (LANDGRAF et al., 2007).

Os principais prejuizos nos mecanismos imunes sdo caracterizados pela redugdo da
funcao linfocitaria, traduzida em danos da estrutura e fun¢do do timo e redugdo das respostas
de células T a antigenos especificos, além da redugdo de migracao de leucocitos para os locais
de infeccdo e diminuicao acentuada da sintese citocinas pro-inflamatdrias. A resposta celular
imune ¢ mais diretamente afetada pela desnutricdo calérico-protéica do que o sistema imune
humoral (CUNNINGHAM et al., 2005; LANDGRAF et al., 2007).

A redugdo da migracdo leucocitaria pode estar relacionada ao comprometimento da
relagdo leucocito-endotélio, principalmente no processo de pavimentacdo da resposta
inflamatoria aguda, observando-se uma reducdo da expressao de P-selectina endotelial e e L-
selectina leucocitaria, além da significativa diminui¢do da expressao de ICAM-1, reduzindo
dessa forma a capacidade de neutrofilos em aderir ao endotélio e consequentemente a eficacia
da resposta inflamatoéria em animais submetidos a desnutricdo intrauterina (LANDGRAF et
al., 2005).

De acordo com Fock et al. (2007), estudos experimentais em roedores gravemente
desnutridos mostram reducdo de parametros das imunidades inespecifica e especifica, como
por exemplo menor ativagao de macréfagos e diminuigcdo de granuldcitos polimorfonucleares,
linfocitos e mondcitos.

Poucos estudos tém investigado o impacto da desnutricdo intrauterina sobre os
mecanismos da resposta inflamatoria local e sistémica na prole durante a idade adulta em
ratos, bem como suas implicacdes nos efeitos (farmacoldgicos e adversos) de
antiinflamatorios ndo esterdides (AINES) como a indometacina. E evidente que o
entendimento da resposta inflamatéria em individuos com deficiéncias nutricionais intra-
uterinas, considerando os numerosos fatores envolvidos na resposta inflamatéria como

Interleucinas (IL), Fator de Necrose Tumoral (TNF), albumina, Proteina-C-Reativa (PCR),
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células leucocitarias, entre outros, pode favorecer o desenvolvimento de novas estratégias
para predizer suscetibilidade a doencas, acompanhar terapias e, em Tultima instancia,
desenvolver novas abordagens para a prevengdo e o tratamento de doencas nas quais a
resposta inflamatdria tem implicagdes fisiopatoldgicas (artrite reumatoide, arteriosclerose,

doengas inflamatdrias intestinais).
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METODOS

4 METODOS

4.1 Animais

Foram utilizadas 30 ratas albinas primiparas da linhagem Wistar, com peso corporal
compreendido entre 200 e 220 g, e seus descendentes machos provenientes da colonia de
criagdo do Departamento de Fisiologia e Farmacologia da Universidade Federal de
Pernambuco. Os animais foram mantidos em biotério de experimentacdo com temperatura de
22°C £ 1, ciclo claro-escuro de 12/12 horas e alojados em gaiolas de polipropileno com
dimensdes de 46x31x21 cm (CxLxA) com livre acesso a agua.

As ratas primiparas foram acasaladas (2 ratas para cada macho). A gestacdo foi
confirmada pela presenca de espermatozoides no esfregaco vaginal montado em lamina
histologica. A seguir, as ratas foram divididas em dois grupos de acordo com a dieta
fornecida: Controle Normonutridos (Controle-N, n=15), alimentadas com dieta padrao
Labina® ou Desnutridas durante a gestacdo (DBR-g, n=15) alimentadas com a Dieta Basica
Regional (DBR). Durante a lactagdo, as ratas permaneceram recebendo dieta Labina ® e a
ninhada foi reduzida para 6 filhotes. Ao desmame (21 dias de idade) somente os filhotes
machos (Controle-N, n=36 ¢ DBR-g, n=36) permaneceram no experimento e receberam dieta
equilibrada Labina ®, enquanto que as fémeas (maes e filhotes) foram eutanasiadas por
inalagao de CO,. Aos 60 dias de idade, os animais foram submetidos aos diferentes ensaios

bioldgicos e subdivididos em grupos de acordo com o modelo experimental.

4.2 Manipula¢io Nutricional

Durante a gestacdo, as ratas do grupo Controle-N receberam dieta padrao de biotério
Labina ®, cuja composicdo se encontra detalhada na tabela 1. O grupo DBR-g recebeu dieta
multicarenciada Dieta Basica Regional (tabela 2). Apos o desmame, todos os filhotes
receberam dieta Labina ®.

Os pesos dos animais descendentes foram mensurados ao nascimento, ao desmame e

no 60° dia de vida.
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Tabela 1: Composicao da dieta padrao (Labina®, Purina Brasil)

Ingredientes Quantidade (g) Calorias (Kcal)
Proteina 23,0 92,0
Carboidratos 74,5 288.,0
Gordura 2,5 22,5
Total 100,0 402,5

Tabela 2: Composicao basica centesimal da Dieta Béasica Regional (DBR) segundo Teoddsio

et al. (1990).

COMPOSICAO CENTESIMAL DA DBR

INGREDIENTES

g% Proteinas Carboidratos Gorduras Cinza Fibras  kcal
Feijﬁo* 18,34 3,99 10,66 0,24 0,57 1,09 60,76
Mandioca 64,81 0,84 48,59 0,12 0,43 5,64 198,8
Carne seca e salgada* 3,73 2,74 - 0,05 0,06 - 11,50
Gordura da carne seca e

0,35 - - - - - 3,15
salgada
Batata doce” 12,76 0,30 9,99 0,20 0,20 0,48 41,43
TOTAL 100 7,87 69,24 1,26 1,26 7,21 315,64

= Cozido, desidratado e moido

4.3 Delineamento Metodoldgico

4.3.1. Fase aguda da resposta inflamatoria- Edema de pata induzido por carragenina

(Winter et al., 1962)

Dois experimentos foram realizados. No Experimento A, os animais (n=6
animais/grupo) Controle Normonutridos (Controle-N) ou submetidos a desnutri¢do durante a
gestacdo (DBR-g) receberam uma injecdo subplantar de 0,1 mL de carragenina tipo IV (1%

w/v em salina) na pata traseira direita. No experimento B, um terceiro e quarto grupos de
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animais foram submetidos a0 mesmo procedimento acima descrito, mas ao invés de salina, os
animais normonutridos (Controle-NI) ou submetidos a desnutri¢ao durante a gestacao (DBRI-
g) foram previamente tratados com indometacina (10 mg/kg; v.0.) 45 min antes da injecao
subplantar do agente edematogénico (carragenina). O volume da pata injetada foi medido
pletismograficamente (pletismometro Ugo Basile) antes (0 min) e 30, 60, 120, 180 e 240
minutos apds a injecao da carragenina. A variacdo do volume das patas foi expresso em
mililitros pela diferenga registrada no volume das patas antes (0 min.) e apds a inje¢do do
agente edematogénico ao final de cada intervalo de tempo. A intensidade da resposta
inflamatoria (volume do edema) exibida pelo grupo DBR-g foi comparada a do grupo
Controle-N. A atividade antiedematogénica da indometacina nos grupos DBRI-g e Controle-
NI foram calculadas, de acordo com a férmula abaixo, em termos de porcentagem de inibi¢ao:

Percentagem de inibi¢do = 1- Vt/Vc X 100, onde Vt e Vc correspondem a média das
diferengas resultantes das medidas das patas nos grupos tratados com indometacina (DBRI-g

ou Controle-NI) e controle (DBR-g ou Controle-N, respectivamente).

4.3.2 Fase aguda da resposta inflamatoria- Edema de pata induzido por zimosan (Gado e

Gigler, 1991)

O procedimento para indugdo do edema foi semelhante aquele empregado no método
anterior, a exce¢do do agente edematogénico que, neste caso, foi o zimosan (0,1 mL) diluido
em salina (Img/mL). Nesse procedimento, os dois experimentos A e B realizados no método
anterior também foram aplicados e a intensidade da resposta inflamatoria (volume do edema)
exibida pelo grupo DBR-g foi comparada a do grupo Controle-N. A atividade
antiedematogénica da indometacina nos grupos DBRI-g e Controle-NI foram calculadas, em

termos de porcentagem de inibi¢do, de acordo com a formula descrita anteriormente.

4.3.3 Fase subcronica da resposta inflamatoria- Reacdo granulomatosa induzida por pellets

de algoddo (Winter e Poter, 1957)

Dois experimentos foram realizados. No Experimento C, os animais submetidos a
desnutricdo durante a gestacdo (DBR-g) ou Controle Normonutridos (Controle-N) foram
anestesiados com uma associacdo de cetamina (15 mg/kg i.m) e xilazina (50 mg/kg i.m.) e
tiveram a regido cervical na linha média dorsal tricotomizada através da depilagdo manual e

aplicacdo da técnica anti-sepsia com alcool 70%. Em seguida, dois “pellets” de algoddo (50 +
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1 mg) foram assepticamente implantados na regido subcutanea em cada lado da linha mediana
dorsal de cada animal, préximo a regido axilar e foi administrado solucdo de NaCl 0,9% (1
mL/animal/dia; v.0.) durante 7 dias consecutivos. No experimento D, um terceiro (DBRI-g) e
quarto grupos (Controle-NI) foram submetidos a0 mesmo procedimento acima descrito, mas
foram tratados diariamente com indometacina (2 mg/kg; v.0), em dose Unica. No oitavo dia,
os animais de todos os grupos foram eutanasiados em camara de CO,, dissecados e os
“pellets” granulomatosos foram submetidos ao processo de desidratagdo em estufa a 70°C até
a obtencdo de peso constante. O peso dos “pellets” de algoddo antes da implantagdo foi
subtraido de seu peso apds a dissecagdo e secagem. A média do peso dos “pellets” secos foi
determinada para todos os grupos e a intensidade da resposta inflamatoria do grupo DBR-g
foi comparada com a do grupo Controle-N. A porcentagem de inibi¢do do granuloma nos
grupos tratados com indometacina (DBRI-g e Controle-NI) foi calculada em relagdo aos
grupos nao tratados (DBR-g e Controle-N, respectivamente), conforme descrito

anteriormente.

4.3.4 Determinacdo dos pardmetros bioquimicos e hematologicos

Ao final dos experimentos, foram obtidas amostras de sangue (cerca de 5 mL) de
todos os animais através do plexo orbital para determinagdo de varidveis bioquimicas
(Albumina sérica e Proteina C Reativa (PCR) e hematologicas (contagem total e diferencial
dos leucocitos). A determinagdo do numero total de leucocitos foi realizada por método
automatizado através do aparelho Coulter TKS. Para a contagem diferencial dos leucdcitos foi
utilizada a técnica do esfregaco sanguineo corado pelo método de May-Grunwald-Giemsa
(segmentados, eosinofilos, linfocitos e monocitos). Os testes foram realizados no Laboratorio

Central do Hospital das Clinicas da Universidade Federal de Pernambuco.

4.3.5 Dosagem de citocinas

A pele da regido plantar das patas foi obtida ap6s 4 horas de inje¢ao de carragenina ou
zymosan ¢ homogeneizadas em 500 pL de solucdao tampao. Os niveis de TNF-a e IL-6 foram
determinados pelo método ELISA sanduiche através da utilizagdo de kits especificos para
ratos e de acordo com as instru¢cdes do fabricante (eBioscience, San Diego, California,
Estados Unidos). Todas as amostras foram testadas em duplicata e os resultados foram

obtidos através da comparacdo da absorbancia com as curvas padroes. Além disso, os



38

resultados foram ajustados para 0,5 mL, volume utilizado para extrair as citocinas da pele da

pata, e foram expressos em picograma por pata (pg/pata) para cada citocina.

4.4 Analise estatistica

Os valores foram expressos em média = desvio-padrao. Para avaliagdo de peso,
volume do edema, intensidade de resposta inflamatoria e percentagem de inibicdo de edema
pela indometacina foram utilizados o teste ANOVA duas vias, seguido do teste de Bonferroni.
Para a comparagdo entre os grupos em relacdo a andlise de parametros hematologicos,
bioquimicos e quantificagdo de citocinas foram utilizados o teste ANOVA uma via, seguido
do teste de Tukey para comparagdes multiplas. O nivel de significancia foi mantido p<0,05 e
toda analise estatistica foi realizada utilizando o programa Graphpad Prism 5.0 para

Windows.

4.5 Consideracoes bioéticas

Os procedimentos adotados no manejo dos animais seguiram as recomendacdes do
Colégio Brasileiro de Experimentagao Animal — COBEA (BRASIL, 1979).

O projeto foi enviado e aprovado junto ao Comité de Etica em Experimentagio
Animal da Universidade Federal de Pernambuco (UFPE) (Processo No: 230760070027/2008-
19).
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1. Abstract

Aim: To Investigate the impact of intrauterine malnutrition on the acute and subchronic
inflammatory response and its influence on the pharmacological effect of indomethacin.
Methods Design: Rat offspring of dams which were fed from the first day of their gestation
to its term received a balanced diet (Labina) or a basic regional diet (BRD) from northeast
Brazil. According to their dams, the offspring were divided in two groups: Control-N
(nourished) e BRD-g (malnourished during gestation). At two months of age, the animals
were subjected to the models of acute and subchronic inflammation. Carraegeenan or
zymosan (0.1 mL) was inoculated into the plantar surface of hind paw (0 minute) of the
animals. All animals received (saline 0.9%:; p,0). Another set of adult offspring was submitted
to same procedure above, but instead of saline they received indomethacin (10mg/kg; p.o),
and were divided in two groups: Control-NI (Controle-N treated with indomethacin), and
BRDI-g (BRD-g treated with indomethacin). The hind paw volume was calculated (0 minute
(initial paw volume), 30, 60, 120, 180 and 240 minutes). In the subchronic model of
inflammation, two cotton pellets of 50 + 1 mg were aseptically implanted in the dorsum of the
animals both in the Control-N and BRD-g groups and they received 0.9% saline for seven
consecutive days. Other groups of animals (Control-NI and BRDI-g) underwent the same
procedure as above but were treated daily with indomethacin (2 mg / kg, po) with a single
daily dose. Subsequently, the pellets were subjected to dissection to obtain the average
weight. Hind paw swelling, blood albumin and C-reactive protein (CRP) levels, leucocytes
count and cytokine levels were evaluated as indicators of inflammation. Results: Malnutrition
during pregnancy caused fetal growth retardation which was shown in low birth weight (5.38
+ 0.28), when compared to the Control-N (7.26 + 0.64) group. The volume of paw edema, the
serum levels of CRP and albumin, the average weight of granuloma and cytokine levels were
lower than those in the BRD-g group when compared to the ones in the Controle-N groups, in
both models of inflammation studied. However, no difference was found in the total leukocyte
count. When compared to the respective groups treated with saline (Control-N and BRD-g),
the antiinflammatory effect of indomethacin in the animals of BRDI-g groups was lower
than in the Control-NI groups, in the model of acute inflammation ; in the model of
subchronic inflammation, the pharmacological effect of indomethacin was effective only in
normo-nourished animals. Conclusion: The malnutrition in the early stages of development
attenuated the severity of the acute inflammatory response, but there was no statistically
significant change in subchronic inflammation induced by granulomatous lesion.

Keywords: Malnutrition; acute inflammation; subchronic inflammation; indomethacin
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2 INTRODUCTION

Malnutrition has been considered an important factor in the increasing susceptibility to
infections in normal individuals and in hospitalized patients". The lack or deficiency of
nutrients during the critical period of development seems to show associations with the
structure and function of tissues in adult life . Epidemiological studies have associated the
emergence of chronic non-communicable and degenerative diseases in adulthood (obesity,
heart disease, diabetes and hypertension) with low birth weight .

Experimental studies indicate that malnutrition undermines both the acute

4D response. Epidemiological findings show a reduction in

inflammatory “ and the systemic
cell-mediated immune responses and humoral response in subjects with intrauterine growth
retardation, as a consequence of perinatal malnutrition in childhood and adolescence . The
phagocytic function and the cytokine production are also impaired in situations of protein-
energy malnutrition, often incapacitating the immune system to solve complete conditions of
systemic inflammatory response such as, for example, an excessive inflammatory response .

Using nonsteroidal anti-inflammatory drugs (NSAIDs) is often indicated in cases
where the morbidity of inflammatory reaction outweighs the benefits afforded by regenerative
tissue inflammation. Indomethacin is a methyl indole acetic acid derivative belonging to the
class of NSAIDs commonly used to reduce paw edema in experimental carrageenin and
zymosan in which they function as edema agents.

The relationship between perinatal malnutrition and its impact on local and systemic
inflammatory response has been little explored, and nutritional status also hasn't been
implicated as a factor that may affect the pharmacokinetics and pharmacodynamics of many
drugs.

Thus, this study aims to determine the impact of perinatal malnutrition, induced by a
Basic Regional Diet (BRD), available in the rural area of the state of Pernambuco, Brazil, on
the acute inflammatory responses characterized by paw edema induced by carrageenin and

zymosan and the subchronic response by granulomatous lesions induced by cotton pellets,

and to evaluate the anti-inflammatory properties of indomethacin.
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3 MATERIAL AND METHODS
Animals

First time pregnant Wistar rat (200-220g) and their offspring (male Wistar rats) from
the breeding colony from the Department of Nutrition at the University of Pernambuco were
used. The animals were mated at a ratio of two females to one male in polypropylene cages
with dimensions of 46x31x21 cm (LxWxH) in an environment with a temperature of 22 ° C
with free access to filtered water. The first day of pregnancy was determined by observing the

presence of sperm in vaginal fluid.
Maternal diet and date:

As soon as the pregnancy was detected, the group of pregnant rats was divided in two
groups: 1) A control group (Control-N) , which was represented by dams who continued on
an ad libitum diet of laboratory standard (Labina- Purina, Brazil),this diet being composed of
23% protein, 74.5% of carbohydrates and 2.5% fat, 2) Dams which received a basic regional
diet (BRD) until their pregnancy came to term (BRD-g). This diet was rich in carbohydrates
(69.24%) and deficient in proteins (7.87%), lipids (1.26%), vitamins and minerals, including
sodium chloride . Immediately after the birth, the pups were fed ad libitum with a laboratory
standard diet. In their sixtieth day of life, the adult male offspring were then subjected to
biological assays. The weights of the offspring were measured at birth, at the 21eth and at the
60eth day of life.

Experimental Protocol

Four experiments were carried out:

Experiment A- To assess the impact of early malnutrition on the intensity of acute
inflammatory response of adult offspring, 0.1 mL of a commercially prepared carrageenan
(1% w/v) "9 or zymosan (1% w/v) " was inoculated into the right hind paw of adult male
offspring. The animals were allowed to develop acute inflammation over a period of 4 hours,
and divided in two groups (n = 6) according their own dams namely: 1) Control-N and 2)
BRD-g. Since they would be used as a control to the Experiment B, all animals received a

single dose (via gavage) of 0.9% saline (5SmL/kg). The volume of the hind paw swelling (mL)
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was measured with an electronic water plethysmometer (Ugo Basile, Italy) at zero minute
(before) and 30, 60, 120, 180 and 240 minutes after a carrageenan or zymosan injection. The
severity of hind paw inflammation was calculated by the paw volume variation (AV) between
each time interval and initial hind paw volume (t=zero). The hind paw volume (severity of
inflammatory response) in the BRD-g group was compared to the volume in the Control-N
group. At the end of the experiments blood samples were extracted through the orbital plexus
for evaluation of hematologic (total leukocytes and differential) and biochemical (plasma
albumin and C-reactive protein (CRP) levels) variables.

- Experiment B - To assess the impact of malnutrition on the anti-inflammatory effect
of indomethacin in adult offspring, another set of animals was submitted to the same
procedure described above, but instead of saline they received a single dose (via gavage) of
indomethacin (10mg/kg) 45 minutes before the injection of carrageenan or zymosan.
According to their own dams, they were divided in two groups (n=6), labelled as: 1) Control-
NI - that represents nourished adult offspring treated with indomethacin and 2) BRDI-g - that
represents malnourished adult offspring treated during gestation with indomethacin. The anti-
inflammatory effect of indomethacin (expressed as percentage inhibition of edema) in each
group was determined by comparing the hind paw volume between the Control-NI groups
and the BRDI-g groups with their respective control groups, Control-N and BRD-g.
According to the formula below:

Percent inhibition (% I) = 1 - Vt/ Vc X 100, where Vt and Vc represents the average
of the differences resulting from the hind paw volume in the group treated with indomethacin
and control (untreated), respectively.

Experiment C - To assess the impact of early malnutrition on severity of subchronic
inflammatory response of adult offspring, two cotton “pellets” of (50 = 1 mg) were
asseptically implanted subcutaneously into each side of the dorsal midline of each animal near
the axillary region '?. The animals were allowed to develop subchronic inflammation over a
period of 7 days, and divided in two groups (n = 6) according to their own dams, namely: 1)
Control-N and 2) BRD-g. Since they would be used as a control tool to Experiment B, all
animals received a single dose (via gavage) of 0.9% saline (SmL/kg). On the eighth day,
animals of all groups were sacrificed in a CO, chamber and the “pellets” surrounded by
granuloma tissues were dissected out, weighed, dried for 24 h at 70 ° C and again weighed.
The weight of the cotton pellets, before the deployment, was subtracted from their weight

after the dissection and drying process. The average weight of the dried pellets was
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determined for all groups and the intensity of the inflammatory response of the BRD-g group
was compared to Control-N.

- Experiment D - To evaluate the impact of malnutrition on the anti-inflammatory
effect of indomethacin in adult offspring, another set of animals was submitted to the same
procedure described above, but instead of saline they received a daily dose (via gavage) of
indomethacin (2mg/kg) during 7 days in a row. According to their own dams, they were
divided in two groups (n=6) labelled as; 1) Control-NI - that represents nourished adult
offspring treated with indomethacin and 2) BDRI-g - that represents malnourished adult
offspring treated during gestation with indomethacin. The percentage of inhibition of
granuloma in the groups treated with indomethacin (BRDI-g and Control-NI) was calculated
relatively to the untreated groups (Control-N and BRD-g, respectively), as previously
described.

Determination of biochemical and hematological parameters:

At the end of the experiments, blood samples for determination of biochemical
(plasma albumin and C-reactive protein (CRP) levels) and hematological variables (total and
differential leukocytes) were obtained through the orbital plexus. Total leukocytes count was
performed in hematological cell analyzer Coulter TKS. Blood smears, stained with May-
Grunwald-Giemsa, were used for differential counts of leukocytes (segmented, eosinophils,
lymphocytes and monocytes). The tests were performed at the Central Laboratory of the
Hospital das Clinicas, at Federal University of Pernambuco. Then all the animals were

euthanized in a CO, chamber.

Determination of TNF-a and IL-6 levels

The skin in the plantar area of the paws was obtained 4 h after carregeenan or zymosan
injection and homogenized in 500 pL of the appropriate buffer. The levels of TNF-a and IL-6
were determinated by sandwich Elisa test by using specific kits for rats and according to the
manufacturer's instructions (Bioscience, San Diego, California, USA). All samples were
double tested and the results were obtained by comparing the absorbance with standard
curves. In addition, the results, which were adjusted to 0.5 mL, the volume used to extract the

cytokine from the paw skin, are expressed as picograms of respective cytokine per paw.
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Bioethical considerations

The procedures in the handling of the animals followed the recommendations of the
Brazilian College of Animal Experimentation - COBEA (BRAZIL, 1979). The experimental
protocol and all procedures in the project were submitted and approved by the Ethics
Committee on Animal Experimentation of Federal University of Pernambuco (UFPE)

(Protocol number: 230760070027/2008-19).

Statistical analysis:

Results are given as average + standard deviation (SD). To assess weight, intensity of
inflammatory response and percent inhibition of edema by indomethacin the two-way
ANOVA test was used, followed by the Bonferroni test. For comparison between groups
regarding the analysis of hematological, biochemical and quantification of cytokines the one-
way ANOVA test was applied, followed by the Turkey test for multiple comparisons. The
significance level was maintained at 5% (p <0.05) and all statistical analysis was performed

using the program Graphpad Prism 5.0 for Windows.

4 RESULTS

Parameters of control and undernourished Wistar rat offspring

As detailed in Table 1, maternal malnutrition impaired fetal growth, verified by the

low body weight on birth as compared to the nourished one (Control-N) .
"Table 1"
Influence of early undernutrition on severity of inflammatory response
In both groups of nourished and malnourished animals a single injection of
carrageenan or zymosan (0.1 mL) in the right paw of each rat produced unilateral paw

swelling due to edema during a period of 6 hours. However, the acute inflammatory response

in malnourished animals differed markedly from that found in corresponding control animals.
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Figure 1 shows the evolution of paw edema in the model of acute inflammation. The severity
of the inflammatory response (magnitude of the swelling of the hind paw) induced by
carrageenan was significantly lower (p <0.05) in animals BRD-g when compared to that
observed in the Control-N animals at 30, 60 and 120 minutes. From the 3rd hour there was no
difference between the volumes of the paws in groups BRD-g and Control-N, but the
inflammatory response reached its peak in the 3rd hour in both Control-N animals and BRD-g
animals (Figure 1A) . Figure 1B shows the evolution of paw edema induced by zymosan. The
severity of the inflammatory response induced by zymosan was significantly lower (p <0.05)
in BRD-g animals when compared to that observed in the Control-N animals from the first
hour on, and the peak of magnitude of the swelling of the hind has also been achieved around
the third hour.. Table 2 shows the severity of the inflammatory response in Control-N and
BRD-g animals submitted to subchronic model of inflammation. No statistical difference was

observed between the groups.

"Figure 1 and Table 2"

Influence of malnutrition on anti-inflammatory effect of indomethacin

Figure 2 shows the evolution of paw edema in nourished (2A) and malnourished (2B)
groups treated with indomethacin (10 mg/kg) in model of acute inflammation induced by
carrageenin and figure 3 show the evolution of paw edema in nourished (3A) and
malnourished (3B) groups treated with indomethacin (10 mg/Kg) in model of acute
inflammation induced by zymosan. As observed for the acute inflammatory response, the
pharmacological response to indomethacin in malnourished animals also differs markedly
from that observed in corresponding control animals. Although it was found that the treatment
with indomethacin attenuated the paw edema in all groups (Control-NI and BRDI-g), its
effectiveness as an anti-inflammatory was lower (p <0.05) in the animals which were
subjected to perinatal malnutrition. However, both in the Control-N and in the BRD-g groups,
which were subjected to two models of acute inflammation, the pharmacological effect of
indomethacin has become evident from the Ist hour on. Figure 4 shows the effect of the
treatment with indomethacin (2 mg / kg) both in the nourished and malnourished groups
undergoing granulomatous reaction. The efficacy of indomethacin as an anti-inflammatory
drug was only observed in animals from Control-NI group (p <0.05) when compared to the

Control-N group.
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"Figures 2, 3 and 4"

Biochemical and hematological parameters of control and malnourished adult male Wistar

rat offspring

The plasma levels of albumin and C-reactive protein were statistically different in the
Control-N and BRD-g groups submitted to the different models of inflammation. During the
inflammation process, the levels of plasma C-reactive-protein were significantly increased
while the plasma levels of albumin were lower in all groups in relation to no inflamed
animals. However, plasma levels of albumin and C-reactive protein was lower in
undernourished (BRD-g) when compared to animals from control group (Control-N).
Regarding total and differential counts of leucocytes, statistical difference was seen only in
the number of lymphocytes of rats subjected to this model of acute inflammation by

carrageenan (Table 3).

"Table 3"

Determination of TNF-o and IL-6 levels of control and malnourished adult male Wistar rat

offspring

Figure 5 shows the levels of TNF-a in control and malnourished groups submitted to
the model of acute inflammation induced by carrageenan (5A) and zymosan (5B) and figure 6
show the levels of IL-6 in both control and malnourished groups submitted to the model of
acute inflammation induced by carrageenan (6B) and zymosan (6B). The levels of TNF-a and
IL-6 were significantly lower (p <0.05) in BRD-g animals, compared to the ones in the

Control-N group, in both models of inflammation.

"Figures 5 and 6"

5 DISCUSSION

In this work, models of acute inflammation, induced by carrageenan or zymosan, and

subchronic inflammation, induced by granulomatous reaction, were used to investigate the
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impact of early undernutrition on acute and subchronic inflammatory and pharmacological
response to indomethacin in adult rat offspring undernourished during gestation.

Handling the amount of protein in the diet during pregnancy is a well established
model of malnutrition and it has been used in studies on fetal programming of metabolic
diseases of adulthood *'¥. The use of a multi-deprived diet (BRD) by pregnant rats resulted
in a reduction in both body weight and weight gain in malnourished offspring compared to the
offspring of the nourished control group (Table 1). The deficit on the weight gain of the
offspring is associated with the short supply of nutrients from the mother, and consequently
with the lowest nutrient transfer to offspring, impacting negatively on the growth of the
organs ?. Studies using both low protein (8% casein) '* multi-deprived diet (BRD) ©
demonstrated that inadequate levels of protein and other nutrients can influence the quality of
breastmilk.

The inflammatory mechanisms in the body are very complex and they can not be

attributed to a single factor or mediator ‘%

, occurring in three distinct phases: (I) acute
transitory phase, characterized by local vessel dilatation and capillary permeability increase,
which result in the formation of a local inflammatory exudate; (II) late sub-acute phase,
characterized by the infiltration of white and phagocytary cells and (III) chronic phase, in
which fibrosis and tissue degeneration occurs. In a healthy individual, this coordinated set of
physiologic actions results in a competent inflammatory response that fights infection and
tissue injury and, thus, promotes recovery from external stressors before involvement of the
specific immune system ®'7.

Regarding the intensity of acute inflammatory response, the nourished and
malnourished groups showed a significant difference. A comparatively lower (p <0.05)
magnitude of hind paw swelling was produced after a carrageenan or zymosan injection in the
adult offspring from malnourished dams (BRD-g) as compared to the nourished ones
(Control-N), suggesting a decrease in the inflammatory response competence. The agents of
inflammation (carrageenan and zymosan) used for inducting paw edema had a similar effect
in the evolution of the edema, showing that the edema formation occurred about 30 minutes
after the injection of the irritant agent, with accelerated development, and then reached a
plateau around the third hour. As can be verified, the resultant hind paw swelling developed
more slowly and was not as sharp as in the Control-N animals, and the extent of inflammatory

response was lower (figures 1A and 1B) the longer the offspring were exposed to nutritional

insult before carrageenan or zymosan challenge.
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Previous studies of Landgraf et al. !®

show that animals subjects to malnutrition
presented lower inflammatory response intensity, supposedly as a consequence of reduction
of lypoxigenase pathway of arachidonic acid metabolism that culmines in a significant
reduction in the leukotriene B-4 (LTB-4) production, which is of considerable importance in
the process of leukocyte chemotaxis, after stimulation with tumor necrosis factor-a. Thus, the
leukocyte adhesion to the vascular endothelium and edema formation are engaged in adult
offspring that was subjected to intra-uterine malnutrition. Furthermore, impairment of the
leukocyte-endothelium relationship, especially in the process of paving the acute
inflammatory response, occurs due to the reduced expression of endothelial P-selectin and
leukocyte L-selectin, along with the significant reduction of ICAM-1"". It is known that
effective leukocyte margination, endothelium aggregation, endothelial transmigration, as well
as an effective recruitment of blood leukocytes to the inflammatory site are essential steps to a
competent inflammatory response. Important parameters associated with leukocyte migration
are related to the availability of circulating leukocytes as well as the regulation of migration
these cells from the blood is facilitated by interaction of adhesive molecules with the vascular
endothelium. Our data reveal that there were no statistically significant differences in
leukocyte counts between nourished and malnourished animals, except for the relative
lymphocyte count in rats exposed to the model of acute inflammation with carrageenan. These

1. ™ who observed a

data don’t corroborate with those found in studies of Landgraf et a
reduction in total and differential count of blood leukocytes in young animals (56 and 63 days
old) submitted to malnutrition during pregnancy.The difference between their results and the
one obtained in our study perhaps may be explained by the difference between the dietary
experiences used. In the Control-N animals of both models of acute inflammation and in the
malnourished animals treated with zymosan, the relative count of blood leukocytes points to
typical picture of acute infection, with neutrophilia and lymphopenia. In contrast, animals in
the malnourished group treated with carrageenan showed lymphocytosis, which may be
related to the dynamics of inflammatory response of the phlogistic agent front of intrauterine
programming and its immunogenic power.

The model of granulomatous reaction induced by cotton pellets has been widely used
to evaluate the exudative, transudative and proliferative components of chronic inflammation,
and is a typical feature of chronic inflammatory reaction ®”. Regarding the subchronic model
of inflammation induced by granulomatous lesions, our data reveal that although the weights

of the cotton pellets of malnourished animals were lower than those of nourished there were

no statistically significant differences in weights of cotton pellets between nourished and
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malnourished animals. In malnourished animals, relatively short periods of dietary inadequace
were found in some experiments to inhibit the local inflammatory response in rats.
Furthermore, protein may be required locally by the proliferative elements in the area of
inflammation ®". Our data reveal that there were no statistically significant differences in
leukocyte counts between nourished and malnourished animals, although there was a
suggestive delay in the leukocytic response of malnourished animals. Leukocytosis was
observed in both group of animals in the model of granulomatous lesion, and was
accompanied by neutrophilia and lymphocytosis.

Once it was established that early undernutrition attenuated the acute inflammatory
response, we also verify its influence on the therapeutic efficacy of indomethacin, a standard
anti- inflammatory, a weak organic acid (2 - {1 - [(4-chlorophenyl) carbonyl ]-5-methoxy-2-
methyl-1H-indole-3-yl} acetic acid) and as such, it binds preferentially to albumin (90-99%).
It is known that only a fraction of the drug (not protein bound) may cross the endothelium of
blood vessels and interact with their pharmacological target. In addition to acute inflammatory
response, undernutrition can also affect the pharmacological efficacy of indomethacin. Short-
term treatment with indomethacin resulted in a lower significant (p <0.05) reduction in hind
paw swelling induced by carrageenan or zymosan of BRDI-g (Figures 2B and 3B) group as
compared to the control groups (Figures 2A and 3A), respectively. The inflammatory reaction
induced by carrageenan has two phases: the early phase and the late phase. The initial phase
lasts 60 minutes and is associated with the release of serotonin, histamine and bradykinin. The
late phase occurs about 60 minutes after injection and lasts three hours, with the release of
free radicals such as hydrogen peroxide, superoxide, and the release of prostaglandins . Tt
is known that indomethacin acts in this model of inflammation in several ways, inhibiting
prostaglandin synthesis and infiltration of plasma proteins and neutrophils in the
inflammatory site ®?. The inhibition of paw edema induced by carrageenan to 180 minutes
coincide with the peak of edema, inhibition of COX-2 * and prostaglandin release. The
pharmacological efficacy of indomethacin was statistically significant from 1 h on after
injection of carrageenan in both BRD-g and Control-N animals, which lead us to ratify the
action of indomethacin on the prostaglandin synthesis in this model of acute inflammation.
The inflammatory response in the paw edema induced by zymosan is the result of a cascade
of events that include activation of the complement system ¥, degranulation of mast cells **
and the generation of metabolites of 5-Lipoxygenase (LTB4) and cyclooxygenase *®. LTB4 is

a potent chemotactic agent for neutrophils. Thus, this model of acute inflammation is

characterized by the infiltration of the inflammatory cells, such as the early influx of
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neutrophils followed by mononuclear cells *”. Indomethacin seems to act on this cell influx,
since the polymorphonuclears (PMN) play a central role in vascular events that occur in this
inflammation model ®®. The model of granulomatous reaction induced by cotton pellets has
been widely used to evaluate the exudative, transudative and proliferative components of
chronic inflammation, and is a typical feature of chronic inflammatory reaction %,
Granulomatous tissue formed subcutaneously in animals is a mass composed of monocytes /
macrophages. In animals treated with indomethacin, the weight of cotton pellets was smaller
and lighter hyperemia was observed when compared with the control group. Indomethacin
produces an inhibitory effect on granuloma by inhibiting granulocyte infiltration, preventing
the formation of collagen fibers and suppressing mucopolysaccharides '©. The percentage of
inhibition of edema as a result of treatement with indomethacin in models of acute and
subchronic inflammation was higher in nourished group. Some factors may be involved in
reducing anti-inflammatory effect of indomethacin in malnourished animals: deficits in the
intestinal absorption, resulting from the effect programmer during intrauterine malnutrition,
and that it may have contributed to a reduced absorption of indomethacin, which leads to
changes in its pharmacokinetics. At the moment, our data do not allow us to point a definitive
reason to explain the reduced efficacy of indomethacin on acute and subchronic inflammatory
responses of malnourished adult offspring.

In response to acute tissue injury or inflammation, many plasma proteins synthesized
by the liver exhibit quantitative changes that become apparent at a variable time after onset of
the acute-phase response. Proteins with the transient increase in synthesis and plasma
concentration are called positive acute-phase proteins, whereas proteins whose synthesis
decrease are referred to as negative acute-phase proteins. In all mammalian species, the
regulation of expression of the acute-phase proteins genes is mediated by inflammatory
cytokines. That includes mainly interleukin-6 (IL-6), interleukin-1 (IL-1) and tumor necrosis
factor (TNF) “¥. C-reactive protein (CRP) and albumin are important blood markers of acute
phase of inflammatory response. They play important roles on the modulation rate of protein
synthesis of structural, hormonal transport, local modulation of hormonal -effects,
neutralization of the potentially toxic products of inflammatory response, on the inhibition of
microbial invasion, and localization of bacteria'”. Our data reveal that the albumin and C-
reactive protein levels were reduced statistically (p <0.05) on the BRD-g group compared to
the Control-N in all the animals in the three models of inflammation that were studied. Acute
phase proteins are synthesized primarily in the liver through the stimulation of interleukin-6

(IL-6) secreted during the inflammatory events mainly by monocytes and macrophages “*. It
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is known that in many mammals which are subjected to intrauterine malnutrition, there is a
redistribution of blood flow in the uterus to protect important tissues, especially the brain.
This adaptation can lead to important costs for tissues other than the brain, notably the liver
and other abdominal viscera ®”. Thus, others factors such as a decrease in the IL-6 production
provoked by an impaired hepatic function developed during gestation period should not be
discarded.

This study provides preliminary evidence that maternal malnutrition during gestation
results in attenuated pro-inflammatory cytokine responses to carrageenan or zymosan.
Interleukins (IL-1p, IL-6) and tumor necrosis factor (TNF-a) play key roles in the interaction
of the innate and adaptive immune responses allowing for the differentiaton and proliferation
of lymphocytes as well as production of antibodies by plasma cells . Reduced or altered
innate responses are supported by human studies that report diminished adaptive and innate
immune responses in intrauterine growth retardation offspring ©". According to figures 7 ¢ 8,
the TNF-a e IL-6 levels recorded in the model of acute inflammation induced by zymosan
were higher than the values found in the model that used carrageenan as phlogistic agent. This
can be explained based in the mediators that took part in the development of the paw edema
induced by zymosan, especially through the interaction between LTB4 and cytokins. Besides
LTB4, cytokines also seem to be important for the genesis of hypernociception during
zymosan-induced joint inflammation ¥, There is evidence in literature that LTB4 mediates
TNF-o-induced neutrophil migration and also that LTB4 stimulates the production of TNF-a

from murine macrphage ©¢**.

6 CONCLUSIONS

Our results allow us to conclude that:

- Early malnutrition attenuated acute inflammatory response;

- Blood levels of the acute-phase proteins (albumin and CRP) are reduced in the adult
animals subjected to early malnutrition;

- The leukocyte count (total) was not altered on the animals subjected to early
malnutrition;

- The levels of TNF-a and IL-6 are reduced in the adult animals subjected to early
malnutrition;

- The anti-inflammatory effect of indomethacin was less pronounced in the offspring

of malnourished animals in models of acute inflammation.
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Tables

Table 1. Data on Wistar rat offspring of dams nourished (Control-N) and that received a

Basic Regional Diet (BRD) during gestation (BRD-g).

Groups Control-N BRD-g
Weight of pups (g)

At Birth 7.26 + 0.64 5.38+0.28"
At 22" (weaning) 53.02+1.18 40.11+3.217
At 60" day 259.8 + 6.94 248.7 + 6.86

Each value is expressed as a mean + SD (n= 10 for each group). * Significantly different from the control group,
P<0.05

Table 2. Average weight of the cotton pellets of male Wistar rats of Control-N and BRD-

g groups.

Groups Weight of cotton pellets (mg)
Before implantation After Implantation

Control-N 50+1 175.5+18.0

BRD-g 50+ 1 158.8 +£36.5

Each value is expressed as a mean = SD (n= 6 for each group).
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Table 3. Biochemical and hematological parameters of Control-N and malnourished adult

male Wistar rat offspring.

Parametros Control-N BRD-g Control-N BRD-g Control-N BRD-g
Carrageenan  Carrageenan Zymosan Zymosan * granuloma granuloma
Albumin (g/dL) 3,45+0.02 3,01 £0,11* 3,14 +0.09 2,73+ 0,02 3,33 +0.02 3,01 £0,15*
CRP (mg/dL) 7,2+0.05 6,1+£0.07* 7,9+0.07 6,2 £0.02* 9,4+0.15 6,9 +£0.08%*
Leukocytes (10° mm’®) 13,22+1,58 12,54+1,21 15,25+1,37 14,95+1,72 2124133 19,7+1,83
Neutrophil (%) 51,249,2 34,8+3,48 49+7,51 50,6+2,8 46,8+3,96 33,75+£3,3
Eosinophil (%) 1,440,48 1,4+0,8 2+0,70 1,4+0,54 1 1,8+0,98
Basophil (%) 0,4+0,48 1+£0,89 0 0 0 0
Lymphocyte (%) 44,6+9,15 59,6+2,41" 46,2+7,91 37+2,12 46,2+7,91 57,6+5,57
Monocyte (%) 3,240,74 3,2+1,32 2,840,83 3,8+1,78 5,66+1,36 5,88+2,56

Each value is expressed as a mean + SD (n=6 for each group). * Significantly different from the control group (Control-
N Carrageenan x BRD-g carrageenan, Control-N Zymosan x BRD-g Zymosan and Control-N granuloma x BRD-

g granuloma), P <0.05
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CONSIDERACOES FINAIS

5 CONSIDERACOES FINAIS

De acordo com os resultados obtidos, concluimos que:

A desnutricdo durante a gestacdo prejudicou o crescimento somatico dos animais,
verificando-se baixo peso ao nascimento naqueles que receberam dieta
multicarenciada DBR;

A desnutricdo precoce atenuou a resposta inflamatéria aguda, porém os dados
estatisticos ndo revelaram significancia para a influéncia desta sobre a resposta
inflamatoria subcronica induzida por “pellets” de algodao;

As concentragdes séricas de PCR ¢ albumina estdo reduzidas em ratos adultos
submetidos a desnutri¢cdo durante a gestagao;

O nuamero total de leucécitos ndo foi alterado nos animais submetidos a desnutricdo
precoce, exceto para a contagem diferenciada de linfocitos em animais submetidos ao
modelo de inflamag¢do aguda induzida por carragenina;

Os niveis de TNF-a e IL-6 estdo reduzidos em animais submetidos a desnutri¢ao
durante a gestacdo, sugerindo um decréscimo da imunocompeténcia;

Em todos os modelos de inflamacao utilizados, o efeito anti-inflamatorio da
indometacina foi menos pronunciado nos ratos machos adultos submetidos a

desnutricao durante a gestacao.
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Universidade Federal de Pernambuco
Centro de Ciéncias Biologicas

Av. Prof. Nelson Chaves, s/n
50670-420 / Recife - PE - Brasil
fones: (55 8l) 2126 8840 | 2126 8351
fax: (55 B81) 2126 8350
www.cch.ufpe.br

Recife, 15 de agosto de 2008
Oficio n® 50/08

Da Comissé&o de Etica em Experimentagéio Animal (CEEA) da UFPE
Para: Profa. Maria Barnadete de Souza Maia

Departamento de Fisiologia e Farmacologia - CCB

Universidade Federal de Pernambuco

Processo n® 23076. 007027/2008 - 19

Os membros da Comissdo de Etica em Experimentac&o Animal do Centro de Ciéncias
Biolégicas da Universidade Federal de Pernambuco (CEEA-UFPE) avaliaram seu projeto de
pesquisa intitulado ” Impacto da desnutri¢do na intensidade da resposta inflamatéria e as
implica¢des sobre o efeito de antiinflamatérios ndo esteroides em ratos Wistar”.

Concluimos que os procedimentos descritos para a utilizagdo experimental dos animais
encontram-se de acordo com as normas sugeridas pelo Colégio Brasileiro para
Experimentacao Animal e com as normas internacionais estabelecidas pelo National Institute of
Health Guide for Care and Use of Laboratory Animals as quais sdo adotadas como critérios de
avaliagéo e julgamento pela CEEA-UFPE.

Encontra-se de acordo com as normas vigentes no Brasil, especialmente a Lei 9.605 —
art. 32 e Decreto 3.179-art 17, de 21/09/1999, que trata da questéo do uso de animais para fins
cientificos.

Diante do exposto, emitimos parecer favoravel aos protocolos experimentais

realizados.

Aténciosamente.
Observagéo:
Origem dos animais: Biotério do Departamento de Fisiologia e
Farmacologia

Animais: Ratos; Wistar; machos ; com 60 dias de vida
Numero de animais previsto no protocolo: 80 animais
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GUIDE FOR AUTHORS

INTRODUCTION

Manuscripts submitted to the journal are accepted on the understanding that: (1) they are subject
to editorial review, (2) they have not been and will not be published in whole or in part in any other
journal and (3) the recommendations of the Declarations of Helsinki and Tokyo, for humans, and the
European Community guidelines as accepted principles for the use of experimental animals, have
been adhered to. The European Journal of Pharmaceutical Sciences will, therefore, only consider
manuscripts that describe experiments which have been carried out under approval of an institutional
or local ethics committee.

Research articles
Review articles

The manuscript of a review article should be arranged as described for research articles (see sections
2.1 - 2.5) but according to the following sections: title page, abstract and keywords (indexing
terms, normally 3-6 items), Introduction, Specific sections determined by the authar, Conclusions,
Acknowledgements, References, Figure legends and Figures, Tables. Sections ranging from the
Introduction to the Conclusions should be numbered. Subdivisions within a section should also be
numbered within that section: 2.1., 2.2., 2.3. etc. All pages should be numbered consecutively, the
title page being p.1.

Commentaries and Mini-reviews

One page suggestions for comprehensive reviews, commentaries or mini-reviews should be sent to
the Editor-in-Chief at ejps-journal@helsinki.fi for consideration. Please see detailed information on
commentaries and mini-reviews below,

Commentaries (Guidance)

The definition of a Commentary for EIPS is three-fold. Firstly, it can be an argued piece of provocative
scientific writing purporting to take a balanced position on a controversial pharmaceutical science
topic. A second option is for the author to approach the topic from a particular viewpoint on one side
of an argument. A third option is to provide a topical update on a hot topic in Pharmaceutical Sciences
and this can be more informative than controversial.

Commentaries will be commissioned by the editors in advance or invited from non-commissioned
authors if they wish to initially submit a one page summary of the intended Commentary to the editors
in advance. All manuscripts will be assessed by 2-3 independent referees.

The journal is looking for a stimulating and provoking essays, with referenced material, but without
an extensive reference list. Commentaries can contain one summary figure and/or table and should
have no more than 30 references to preferably recent peer-reviewed material. The word count should
be approximately 2,000 words maximum.

The commentary should have a short abstract summary of 150 to 200 words and 4-5 key words
should be included, The text should be broken down into 4-5 numbered sections beginning with an
Introduction and ending with a Conclusions section. A model of the structures is to be found in Eur.
J. Pharm. Sci. 19, 1-11 by R.D. Combes

Mini-review (Guidance)

Mini-reviews are thought provoking reviews of contemporary pharmaceutical research. Themes are
as described in the Scope of the Journal section.

Mini-reviews will usually be commissioned by the editors in advance, but contributions are invited

from non-commissioned authors if they wish to initially submit a one page summary of the intended
review to the editors in advance. All manuscripts will be assessed by 2-3 independent referees.
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The structure of the mini-review is as follows: a title page followed by a 200-300 word abstract with
4-5 key words. The text is then divided into numbered sections finishing with a Summary section.
References should be kept to a maximum of 60 and should be mostly to recent peer-reviewed material.
There is a combined maximum of 5 figures / tables. Authors are encouraged to submit their original
unpublished work as part of the review if appropriate. The total length of the review should be a
maximum of 4,000 words.

Thls j_ou rn.al :Ha-s no page charges.
BEFORE YOU BEGIN

For information on Ethics in Publishing and Ethical guidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/ethicalguidelines.

All authors are requested to disclose any actual or potential conflict of interest including any financial,
personal or other relationships with other people or organizations within three years of beginning the
submitted work that could inappropriately influence, or be perceived to influence, their work. See
also http://www.elsevier.com/conflictsofinterest.

Submission of an article implies that the work described has not been published previously (except
in the form of an abstract or as part of a published lecture or academic thesis), that it is not under
consideration for publication elsewhere, that its publication is approved by all authors and tacitly or
explicitly by the responsible authorities where the work was carried out, and that, if accepted, it
will not be published elsewhere including electronically in the same form, in English or in any other
language, without the written consent of the copyright-holder.

This policy concerns the addition, deletion, or rearrangement of author names in the authorship of
accepted manuscripts:

Before the accepted manuscript is published in an online issue: Requests to add or remove an author,
or to rearrange the author names, must be sent to the Journal Manager from the corresponding author
of the accepted manuscript and must include: (a) the reason the name should be added or removed,
or the author names rearranged and (b) written confirmation (e-mail, fax, letter) from all authors that
they agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed. Requests that are not sent by
the corresponding author will be forwarded by the Journal Manager to the corresponding author, who
must follow the procedure as described above. Note that: (1) Journal Managers will inform the Journal
Editors of any such requests and (2) publication of the accepted manuscript in an online issue is
suspended until authorship has been agreed.

After the accepted manuscript is published in an online issue: Any requests to add, delete, or rearrange
author names in an article published in an online issue will follow the same policies as noted above
and result in a corrigendum.

Nanges Lt

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (for
more information on this and copyright see http://www.elsevier.com/copyright). Acceptance of the
agreement will ensure the widest possible dissemination of information. An e-mail will be sent to
the cerresponding author confirming receipt of the manuscript together with a "Journal Publishing
Agreement’ form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations
(please consult http://www.elsevier,com/permissions). If excerpts from other copyrighted works are
included, the author(s) must obtain written permission from the copyright owners and credit the
source(s) in the article. Elsevier has preprinted forms for use by authors in these cases: please consult
http://www.elsevier.com/permissions.

- P
nel

As an author you (or your employer or institution) retain certain rights; for details you are referred
to: http://www.elsevier.com/autharsrights.

INet
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You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the paper for publication. If the funding source(s) had no such involvement then this should
be stated. Please see http://www.elsevier.com/funding.

Essre :
)i

Elsevier has established agreements and developed policies to allow authors whose articles appear in
journals published by Elsevier, to comply with potential manuscript archiving requirements as specified
as conditions of their grant awards. To learn more about existing agreements and policies please visit
http://www.elsevier.com/fundingbodies.

This journal offers you the option of making your article freely available to all via the ScienceDirect
platform. To prevent any conflict of interest, you can only make this choice after receiving notification
that your article has been accepted for publication. The fee of $3,000 excludes taxes and other
potential author fees such as color charges. In some cases, institutions and funding bodies have
entered into agreement with Elsevier to meet these fees on behalf of their authors. Details of these
agreements are available at http://www.elsevier.com/fundingbodies. Authors of accepted articles,
who wish to take advantage of this option, should complete and submit the order form (available at
http://www.elsevier.com/locate/openaccessform.pdf). Whatever access option you choose, you retain
many rights as an author, including the right to post a revised personal version of your article on your
own website. More information can be found here: http://www.elsevier.com/autharsrights .

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who require information about language editing and copyediting services pre- and
post-submission please visit http://webshop.elsevier.com/languageediting or our customer support

site at http://support.elsevier.com for more information.

Unless you have written permission from the patient (or, where applicable, the next of kin), the
personal details of any patient included in any part of the article and in any supplementary materials
(including all illustrations and videos) must be removed before submission. For further information
see http://www.elsevier.com/patientphotographs.

e SSi¢

SISO

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts source files to a single PDF file of the
article, which is used in the peer-review process. Please note that even though manuscript source
files are converted to PDF files at submission for the review process, these source files are needed for
further processing after acceptance. All correspondence, including notification of the Editor's decision
and requests for revision, takes place by e-mail removing the need for a paper trail.

Please submit, with the manuscript, the names, addresses and e-mail addresses of 3 potential
referees. Note that the editor retains the sole right to decide whether or not the suggested reviewers
are used.

ability to evaluate the work. Supplementary material may be included to facilitate the review process.
Authors may request that certain referees should not be chosen. Members of the editorial board will
usually be called upon for advice when there is disagreement among the referees or between referees
and authors, or when the editors believe that the manuscript has not received adequate consideration
by the referees.

All referees’' comments must be responded to, and suggested changes be made. The author should
detail the changes made in response to the referees' comments and suggestions in an accompanying
letter. If the author disagrees with some changes, the reason, supported by data, should be given. The
editors may refuse to publish manuscripts from authors who persistently ignore referees' comments.
Handwritten additions or corrections will not be accepted. Only complete retyping of the pages affected
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by revision is acceptable. A revised manuscript should be received by the editorial office no later than
2 months after the editorial decision was sent to the author(s); otherwise it will be processed as a
new manuscript.

PREPARATION

It is important that the file be saved in the native format of the wordprocessor used. The text should
be in single-column format. Keep the layout of the text as simple as possible. Most formatting codes
will be removed and replaced on processing the article. In particular, do not use the wordprocessor's
options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts
(see also the Guide to Publishing with Elsevier: http://www.elsevier.com/guidepublication). Note that
source files of figures, tables and text graphics will be required whether or not you embed your figures
in the text. See also the section on Electronic illustrations.

To avoid unnecessary errors you are strongly advised to use the "spell-check" and "grammar-check"

functions of your wordprocessor.

If the LaTeX file is suitable, proofs will be produced without rekeying the text. The article should
preferably be written using Elsevier's document class "elsarticle", or alternatively any of the other
recognized classes and formats supported in Elsevier's electronic submissions system, for further
information see http://www.elsevier.com/wps/find/authorsview.authors/latex-ees-supported.

The Elsevier "elsarticle” LaTeX style file package (including detailed instructions for LaTeX preparation)
can be obtained from the Quickguide: http://www.elsevier.com/latex. It consists of the file:
elsarticle.cls, complete user documentation for the class file, bibliographic style files in various styles,
and template files for a quick start.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to "the text". Any subsection may be

given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant modifications should be described.

Results
Results should be clear and concise.

Text, tables and figures must show minimal overlap, and must be internally consistent.

Discussion

This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eg. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.
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« Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

* Author names and affiliations. Where the family name may be ambiguous (e.g., a double
name), please indicate this clearly. Present the authors' affiliation addresses (where the actual work
was done) below the names. Indicate all affiliations with a lower-case superscript letter immediately
after the author's name and in front of the appropriate address. Provide the full postal address of
each affiliation, including the country name, and, if available, the e-mail address of each author.

= Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that telephone and fax numbers (with country
and area code) are provided in addition to the e-mail address and the complete postal
address. Contact details must be kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article
was done, or was visiting at the time, a "Present address" (or "Permanent address") may be indicated
as a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

A Graphical abstract is mandatory for this journal. It should summarize the contents of the article in
a concise, pictorial form designed to capture the attention of a2 wide readership online. Authors must
provide images that clearly represent the work described in the article. Graphical abstracts should be
submitted as a separate file in the online submission system. Image size: please provide an image
with a minimum of 531 x 1328 pixels (h x w) or proportionally more, but should be readable on
screen at a size of 200 x 500 pixels (at 96 dpi this corresponds to 5 x 13 cm). Bear in mind readability
after reduction, especially if using one of the figures from the article itself. Preferred file types: TIFF,
EPS, PDF or MS Office files. See http://www.elsevier.com/graphicalabstracts for examples.

Immediately after the abstract, provide 2 maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, "and", "of"). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Abbreviations

Abbreviations are a hindrance for the reader. Use as few abbreviations as possible and write out names
of compounds, receptors, etc., in full throughout the text of the manuscript, with the exceptions
glven below. Unnecessary and nonsense abbreviations are not allowed. Generic names should not
be abbreviated. As an example, AMP, HAL, HIST, RAMH, TAM, SST, for amphetamine, haloperidol,
histamine, (R)-a -methylhistamine, tamoxifen, somatostatin, are not accepted. Abbreviations which
have come to replace the full term (e.g., GABA, DOPA, PDGF, 5-HT, for Y -aminobutyric acid, 3,4-
dihydroxyphenylalanine, PDGF, 5-hydroxytryptamine) may be used, provided the term is spelled
out in the abstract and in the body of the manuscript the first time the abbreviation is used.
Unwieldy chemical names may be abbreviated. As an example, 8-OH-DPAT, DOI, DTG, BAPTA,
for 8-hydroxy-2-(di-n-propylamino)tetralin, 1-(2,5-dimethoxy-4-iodophenyl)-2-aminopropane, 1,3-
di(2-tolyl)-guanidine, 1,2-bis(c-aminaphenoxy)ethane-N,N,N’, N'-tetraacetic acid, are acceptable;
however, the full chemical name should be given once in the body of the manuscript and in the
abstract, followed in both cases by the abbreviation. Code names may be used, but the full chemical
name should be given in the text and in the abstract. Authors not conforming to these demands may
have their manuscripts returned for correction with delayed publication as a result.

Some abbreviations may be used without definition:
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1 ADP,CDP, GDP, IDP 5'-pyrophosphates of adenosine UDP cytidine, guanaosine, inosine, uridine AMP
etc. adenosine 5'-monophosphate etc. ADP etc. adenosine 5'-diphosphate etc. ATP etc. adenosine 5'-
triphosphate etc. CM-cellulose carboxymethylcellulose CoA and acetyl-CoA coenzyme A and its acyl
derivatives DEAE-cellulose O-(diethylaminoethyl)-cellulose DNA deoxyribonucleic acid EGTA ethylene
glycol-bis(B-aminoethyl ether)N,N,N',N'-tetraacetic acid FAD flavin-adenine dinucleotide FMN flavin
mononucleotide GSH, GSSG glutathione, reduced and oxidized Hepes 4-(2-hydroxyethyl)-1-
piperazine-ethanesulphonic acid NAD nicotinamide-adenine dinucleotide NADP nicotinamide-adenine
dinucleotide phosphate NMN nicotinamide mononucleotide Pi, PPi orthophosphate, pyrophosphate
RNA ribonucleic acid Tris 2-amino-2-hydroxymethylpropane-1,3-diol

Two alternative conventions are currently in use in some cases. For example, for the phosphoinositides
there are both the abbreviations recommended by the IUPAC-IUB and those of the Chilton Convention
(e.g., PtdIns(4,5)P2 vs. PIP 2for phosphatidylinositol 4,5-biphosphate). The journal will accept either
of these forms but not their combination.

Abbreviations of units of measurements and other terms are as follows:
Units of mass

1 kilogram kg gram g milligram mg microgram Hg nanogram ng mole (gram-molecule) mol millimole
mmol micromole pmal nanomole nmol picomole pmol femtomole fmol equivalent eq

Units of time

1 hour h minute min second s millisecond ms microsecond us

Units of volume

1 litre | millilitre ml microlitre pl

Units of length

1 metre m centimetre cm millimetre mm micrometre pUm nanometre nm

Units of concentration

1 molar (mol/I) M millimolar mM micromolar pM nanomolar nM picomolar pM

Units of heat, energy, electricity

1 joule 1 degree Celsius (centigrade) °C coulomb C ampere A volt V ohm Q siemens S

Units of radiation

1 curie Ci counts per minute cpm disintegrations per minute dpm becquerel Bq

Miscellaneous

1 gravity g dissociation constant K d median doses LD50, ED50 probability P routes of drug
administration i.v., I.p., s.c., i.m. square centimetre cm2 standard deviation S.D. standard error of
the mean S.E.M. Svedberg unit of sedimentation coefficient S Hill coefficient n H

The isotope mass number should appear before the atomic symbol, e.g., [3H]noradrenaline,
[14C]choline. Ions should be written: Fe3+, Ca2+, Mg2+. The term absorbance (A) is preferred to
extinction or optical density. For abbreviations not included in this list consult: Units, Symbols and
Abbreviations, A Guide for Biological and Medical Authors and Editors, 1994 (The Royal Society of

Medicine, London), ISBN 0-905958-78-0, or Scientific Styfe and Format. The CBE Manual for Authors,
Editors, and Publishers, 6th edn. (Cambridge University Press, Cambridge), ISBN 0-521-47154-0.
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Collate acknowledgements in a separate section at the end of the article before the references and
do not, therefore, include them on the title page, as a footnote to the title or otherwise. List here
those individuals who provided help during the research (e.g. lab technicians, statisticians, colleagues
providing help preparing the manuscript).

Only generié and chemical names of drugs should be used, although a proprietary equivalent may
be indicated once, in parentheses. Pharmacological and Chemical Synonyms, E.E.]. Marler, 9th edn.
(Elsevier, Amsterdam, 1990) may be consulted.

The nomenclature of chemical substances should be consistent, clear and unambiguous, and should
conform to the usage of the American Chemical Society and the convention recommended by the
International Union of Pure and Applied Chemistry (IUPAC). When in doubt, writers should consult
the indexes of Chemical Abstracts; the various reports and pamphlets of the American Chemical
Society Committee on Nomenclature, Spelling and Pronunciation; and from the International Union
of Biochemistry and Molecular Biology (IUBMB): Biochemical Nomenclature and Related Documents
(Portland Press, London).

When drugs, which are mixtures of stereocisomers are used, the fact that they have a composite nature
and the implication of this for interpretation of the data and drawing of conclusions should be made
clear. The use of the appropriate prefix is essential. Use of the generic name alone without prefix
would be taken to refer to agents with no sterecisomers. The nomenclature of the various isomers and
isomeric mixtures can be found in: (i) IUPAC, Nomenclature of Organic Chemistry, eds. 1. Rigaudy
and S.P. Klesney (Pergamon Press, London), 1979, p. 481; (ii) Signs of the times: the need for a
stereochemically informative generic name system, Simonyi, M., J. Gal and B. Testa, 1989, Trends
Pharmacol. Sci. 10, 349. For nomenclature of peptides, see Neuropeptides, Vol. 1, 1981, p. 231.

The nomenclature of receptors and their subtypes should conform to the TIPS 1995 Receptor &
Ion Channel Nomenclature Supplement (Trends Pharmacol. Sci. Receptor Nomenclature Supplement
1995). Copies of this supplement are available from the publisher (Elsevier Trends Journals, Oxford
Fulfiiment Centre, P.O. Box 800, Kidlington, Oxford OX5 1DX, UK. Tel.: (44-1865) 843-699; Fax:
(44-1865) 843-911),

The trivial name of the enzyme may be used in the text, but the systematic name and classification
number according to Enzyme Nomenclature, rev. edn. (Academic Press, New York, NY, 1984) should
be quoted the first time the enzyme is mentioned.

Gene accession numbers refer to genes or DNA sequences about which further information can be
found in the databases at the National Center for Biotechnical Information (NCBI) at the National
Library of Medicine. Authors wishing to enable other scientists to use the accession numbers cited in
their papers via links to these sources, should reference this information in the following manner:

For each and every accession number cited in an article, authors should type the accession number in
bold, underlined text . Letters in the accession number should always be capitalised. (See Example
1 below.) This combination of letters and format will enable Elsevier's typesetters to recognize the
relevant texts as accession numbers and add the required link to GenBank's sequences.

Example 1: "GenBank accession nos. AI631510 , AI631511 , AI632198 , and BF223228 ), a
B-cell tumor from a chronic lymphatic leukemia (GenBank accession no. BE675048 ), and a T-cell
lymphoma (GenBank accession no. AA361117 )",

Authors are encouraged to check accession numbers used very carefully. An error in a letter or
number can result in a dead link.

In the final version of the printed article, the accession number text will not appear bold or
underlined (see Example 2 below).
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Example 2: "GenBank accession nos. AI631510, AI631511, AI632198, and BF223228), a B-cell
tumor from a chronic lymphatic leukemia (GenBank accession no. BE675048), and a T-cell lymphoma
(GenBank accession no. AA361117)".

In the final version of the electronic copy, the accession number text will be linked to the appropriate
source in the NCBI databases enabling readers to go directly to that source from the article (see
Example 3 below).

Example 3: "GenBank accession nos. AI631510, AI631511, AI632198, and BF223228), a B-cell
tumor from a chronic lymphatic leukemia (GenBank accession no. BE675048), and a T-cell lymphoma
(GenBank accession no. AA361117)".

Structural chemical formulas, process flow diagrams and complicated mathematical expressions
should be very clearly presented. All subscripts, superscripts, Greek letters and unusual characters
must be identified. Structural chemical formulas and process flow diagrams should be prepared in
the same way as graphs.

Present simple formulae in the line of normal text where possible and use the solidus (/) instead of
a horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to be presented in
italics. Powers of e are often more conveniently denoted by exp. Number consecutively any equations
that have to be displayed separately from the text (if referred to explicitly in the text).

Footnotes should be used sparingly. Number them consecutively throughout the article, using
superscript Arabic numbers. Many wordprocessors build footnotes into the text, and this feature may
be used. Should this not be the case, indicate the position of footnotes in the text and present the
footnotes themselves separately at the end of the article. Do not include footnotes in the Reference
list.

Table footnotes

Indicate each footnote in a table with a superscript lowercase letter,

Image manipulation

Whilst it is accepted that authors sometimes need to manipulate images for clarity, manipulation for
purposes of deception or fraud will be seen as scientific ethical abuse and will be dealt with accordingly.
For graphical images, this journal is applying the following policy: no specific feature within an image
may be enhanced, obscured, moved, removed, or introduced. Adjustments of brightness, contrast,
or color balance are acceptable if and as long as they do not obscure or eliminate any information
present in the original. Nonlinear adjustments (e.g. changes to gamma settings) must be disclosed
in the figure legend.

Electronic artwork

General points

» Make sure you use uniform lettering and sizing of your original artwork.

e Save text in illustrations as "graphics"” or enclose the font.

= Only use the following fonts in your Illustrations: Arial, Courier, Times, Symbol.
* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

« Produce images near to the desired size of the printed version.

* Submit each figure as a separate file.

A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions

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

Regardless of the application used, when your electronic artwork is finalised, please "save as" or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS: Vector drawings. Embed the font or save the text as "graphics”.

TIFF: color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.
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TIFF: Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi is required.
If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply "as Is",

Please do not:

» Supply files that are optimised for screen use (like GIF, BMP, PICT, WPG); the resolution is too low;
* Supply files that are too low in resolution;

* Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF, EPS or MS Office files) and with
the correct resolution. If, together with your accepted article, you submit usable color figures then
Elsevier will ensure, at no additional charge, that these figures will appear in color on the Web (e.g.,
ScienceDirect and other sites) regardless of whether or not these illustrations are reproduced in color
in the printed version. For color reproduction in print, you will receive information regarding
the costs from Elsevier after receipt of your accepted article. Please indicate your preference
for color in print or on the Web only. For further information on the preparation of electronic artwork,
please see http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications which can arise by converting color figures to "gray
scale" (for the printed version should you not opt for color in print) please submit in addition usable
black and white versions of all the color illustrations.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Number tables consecutively in accordance with their appearance in the text. Place footnotes to tables
below the table body and indicate them with superscript lowercase letters. Avoid vertical rules. Be
sparing in the use of tables and ensure that the data presented in tables do not duplicate results
described elsewhere in the article.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If
these references are included in the reference list they should follow the standard reference style of
the journal and should include a substitution of the publication date with either "Unpublished results"
or "Personal communication”. Citation of a reference as "in press" implies that the item has been
accepted for publication and a copy of the title page of the relevant article must be submitted.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue,

Reference management software

This  journal has standard templates available in key reference management
packages EndNote (http://www.endnote.com/support/enstyles.asp) and Reference Manager
(http://refman.com/support/rmstyles.asp). Using plug-ins to wordprocessing packages, authors only
need to select the appropriate journal template when preparing their article and the list of references
and citations to these will be formatted according to the journal style which is described below.

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;
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3. Three or more authors: first author's name followed by "et al." and the year of publication.
Citations may be made directly (or parenthetically). Groups of references should be listed first
alphabetically, then chronologically.

Examples: "as demonstrated (Allan, 1996a, 1996b, 1999; Allan and Jones, 1995). Kramer et al.
(2000) have recently shown ...."

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters "a", "b", "c¢", etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.l., Lupton, R.A., 2000. The art of writing a scientific article. 1. Sci.
Commun. 163, 51-59,

Reference to a book:

Strunk Jr., W., White, E.B., 1979. The Elements of Style, third ed. Macmillan, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 1999. How to prepare an electronic version of your article, in: Jones, B.S.,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.

Journal abbreviations source

Journal names should be abbreviated according to

Index Medicus journal abbreviations: http://www.nim.nih.gov/tsd/serials/lji.html;
List of title word abbreviations: hrtp://www.issn.orglz-22661-LTWA-onlme,php;
CAS (Chemical Abstracts Service): http://www.cas.org/sent.html.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include these within the body of the article. This can be done in the same way
as a figure or table by referring to the video or animation content and noting in the body text where it
should be placed. All submitted files should be properly labeled so that they directly relate to the video
file's content. In order to ensure that your video or animation material is directly usable, please provide
the files in one of our recommended file formats with a preferred maximum size of 50 MB. Video and
animation files supplied will be published online in the electronic version of your article in Elsevier
Web products, including ScienceDirect: http://www.sciencedirect.com. Please supply 'stills' with your
files: you can choose any frame from the video or animation or make a separate image. These will
be used instead of standard icons and will personalize the link to your video data. For more detailed
instructions please visit our video instruction pages at http://www.elsevier.com/artworkinstructions.
Note: since video and animation cannot be embedded in the print version of the journal, please
provide text for both the electronic and the print version for the portions of the article that refer to
this content.

S1im rv odat

Elsevier accepts electronic supplementary material to support and enhance your scientific research.
Supplementary files offer the author additional possibilities to publish supporting applications, high-
resolution images, background datasets, sound clips and more. Supplementary files supplied will be
published online alongside the electronic version of your article in Elsevier Web products, including
ScienceDirect: http://www.sciencedirect.com. In order to ensure that your submitted material is
directly usable, please provide the data in one of our recommended file formats. Authors should
submit the material in electronic format together with the article and supply a concise and descriptive
caption for each file. For more detailed instructions please visit our artwork instruction pages at
http://www.eisevier.com/artworkinstructions.

The following list will be useful during the final checking of an article prior to sending it to the journal
for review. Please consult this Guide for Authors for further details of any item.

Ensure that the following items are present:

One Author designated as corresponding Author:

* E-mail address

= Full postal address

* Telephone and fax numbers

All necessary files have been uploaded

* Keywords
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= All figure captions

= All tables (including title, description, footnotes)

Further considerations

= Manuscript has been "spellchecked" and "grammar-checked"

= References are in the correct format for this journal

= All references mentioned in the Reference list are cited in the text, and vice versa

= Permission has been obtained for use of copyrighted material from other sources (including the Web)
» Color figures are clearly marked as being intended for color reproduction on the Web (free of charge)
and in print or to be reproduced in color on the Web (free of charge) and in black-and-white in print
« If only color on the Web is required, black and white versions of the figures are also supplied for
printing purposes

For any further information please visit our customer support site at http://support.elsevier.com.

AFTER ACCEPTANCE

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The DOI
consists of a unique alpha-numeric character string which is assigned to a document by the publisher
upon the initial electronic publication. The assigned DOI never changes. Therefore, it is an ideal
medium for citing a document, particularly 'Articles in press' because they have not yet received their
full bibliographic information. The correct format for citing a DOI is shown as follows (example taken
from a document In the journal Physics Letters B):

doi:10.1016/j.physletb.2010.09.059

When you use the DOI to create URL hyperlinks to documents on the web, they are guaranteed never
to change.

One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author (if we do
not have an e-mail address then paper proofs will be sent by post) or, a link will be provided in
the e-mail so that authors can download the files themselves. Elsevier now provides authors with
PDF proofs which can be annotated; for this you will need to download Adobe Reader version 7 (or
higher) available free from http://get.adobe.com/reader. Instructions on how to annotate PDF files
will accompany the proofs (also given online). The exact system requirements are given at the Adobe
site: http://www.adobe.com/products/reader/tech-specs.html.

If you do not wish to use the PDF annotations function, you may list the corrections (including
replies to the Query Form) and return them to Elsevier in an e-mail. Please list your corrections
quoting line number. If, for any reason, this is not possible, then mark the corrections and any other
comments (including replies to the Query Form) on a printout of your proaof and return by fax, or scan
the pages and e-mail, or by post. Please use this proof only for checking the typesetting, editing,
completeness and correctness of the text, tables and figures. Significant changes to the article as
accepted for publication will only be considered at this stage with permission from the Editor. We will
do everything possible to get your article published quickly and accurately - please let us have all your
corrections within 48 hours. It is important to ensure that all corrections are sent back to us in one
communication: please check carefully before replying, as inclusion of any subsequent corrections
cannot be guaranteed. Proofreading is solely your responsibility. Note that Elsevier may proceed with
the publication of your article if no response is received.

£F

The corresponding author, at no cost, will be provided with a PDF file of the article via e-mail
or, alternatively, 25 free paper offprints. If the corresponding author opts for paper offprints, this
preference must be indicated via the offprint order form which is sent once the article is accepted
for publication. Additional paper offprints can also be ordered via this form for an extra charge. The
PDF file is a watermarked version of the published article and includes a cover sheet with the journal
cover image and a disclaimer outlining the terms and conditions of use.

Additional information

No responsibility is assumed by the Publisher for any injury and/or damage to persons or property as
a matter of products liability, negligence or otherwise, or from any use or operation of any methods,
products, instructions or ideas contained in the material herein. Because of the rapid advances made
in the medical sciences, independent verification of diagnoses and drug doses should be made.
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AUTHOR INQUIRIES

For inguiries relating to the submission of articles (including electronic submission) please
visit this journal's homepage. Contact details for questions arising after acceptance of
an article, especially those relating to proofs, will be provided by the publisher. You
can track accepted articles at http://www.elsevier.com/trackarticle. You can also check
our Author FAQs (http://www.elsevier.com/authorFAQ) and/or contact Customer Support via
http://support.elsevier.com.

2 Copyright 2010 Elsevier | http://www.eisevier.com
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ANEXO C- CARTA DE SUBMISSAO DO ARTIGO ORIGINAL
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Submission Confirmation

De: ees.ejps.0.12a9f8.2d57eaad @eesmail.elsevier.com em nome de European Journal
of Pharmaceutical Sciences (ejps-journal@helsinki.fi)

Enviada: sexta-feira, 22 de julho de 2011 22:45:38
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