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Resumo

Manipula¢6es nutricionais em periodos criticos de desenvolvimento, quoeded@snutricdo,
promovem consequéncias negativas em longo prazo no funcionamento do sistema
imunoldgico. O macrofago atua em diferentes momentos da respasie, iparticipando
tanto da resposta inata quanto da resposta imune adaptativa, canddosao poucos o0s
estudos que se dedicam a esclarecer o comportamento destamésitiaagdes onde houve
privacdo de nutrientes em periodos precoces da vida. Tais infornaudEsam ajudar a
esclarecer o comportamento do sistema imune submetido a privagéimmaitbem como as
possiveis consequéncias destas mudancas na homeostase de um ord¥oisaniigo
“Desnutricdo pos-natal imediata altera a viabilidade e fudg@omacréfagos em ratos”, o
impacto da manipulacao nutricional no periodo pés-natal imediato endfagas alveolares
de ratos foi avaliado quanto a fungdo, quantidade e viabilidade emis@idudtos. Ratos
foram amamentados por maes alimentadas com uma dieta purifié@ilentieem proteinas
ou por uma dieta multideficiente semelhante a consumido durante a diecdd80 pelas
populacdes desnutridas no nordeste do Brasil, chamada de Dieta BégionaR(DBR).
Quando adultos foram avaliados quanto aos parametros hematolégicos eéhuas
broncoalveolares foram examinadas quanto a funcionalidade e viabil@lgdesente estudo
mostrou que ndo ocorreram modificacdes nos valores hematologicegramsvermelha e
branca, bem como n&o alterou o numero de células totais no lavado bronacaessitudo
da cultura celular revelou que ambas, as manipulacdes da dietaamdidaminuicdo da
viabilidade e da func&o da célula. Este altimo foi indicado pela redig@apacidade do
macréfago em produzir NO. Em concluséo, as manipulac6es dietétmaslaoclo periodo
pos-natal imediato geram alteracbes permanentes nos macrdfagass na vida adulta.
Novos estudos ajudardo a desvendar os mecanismos pelos quais acdesentrperiodos
criticos de desenvolvimento prejudica o equilibrio do sistema imune. éhdémento
aprofundado destes mecanismos podera, quem sabe, no futuro, permitir rggwredes
efeitos deletérios da ma nutricdo no inicio da vida, quer sejanp@ de intervencao
medicamentosa, nutricional ou com mudancas dos habitos de vida.

Descritores: Desnutricdo, Macrofago Alveolar, Oxido Nitrico, Viabilid&dps.



Abstract

Nutritional manipulation during critical periods of development, leadmmgnalnutrition,
promote long-term negative consequences on the immune system. Tiophage acts on
different moments in the immune response, participating in the inesp@nse as well as in
the adaptive immune response, however, few studies have devotedfyotltbabehavior of
this cell in situations where nutrient deprivation happens in eanlipdse of life. Such
information would help clarify the behavior of the immune systemestdyl to nutritional
deprivation as well the possible consequences of these changes hantkestasis of an
organism. In the paper "immediate postnatal malnutrition altersiahdity and function of
macrophages in rats,” the impact of nutritional manipulation duringntheediate postnatal
rat alveolar macrophages was evaluated in terms of function, numdbesadility in adult
animals. Rats were breastfed by mothers that were fed wiphbrified diet deficient in
proteins or by diet deficient in many aspects, similar to thetloaewere consumed in the
60’s by the malnourished population in the northeast of Brazil, calégiioRal Basic Diet
(RBD). When adults were evaluated the hematologic paransetdris bronchoalveolar cells
were examined as for its functionality and viability. The presamdy showed that it didn’t
occurred modifications in the hematologic values concerning thenedvhite series. The
cell culture analysis revealed that both diet manipulations irdiGatecrease in the viability
and the function of the cell. This last one was indicated by thetredwf the macrophage
capacity of producing NO. Worth mentioning that the different tafstellular viability made
indicated different answers from these cells, which indicdiaisthere has been a structural
adaptation to the new nutritional conditions, but its cellular machingoywever, were
injured. In conclusion, dietary manipulations that occurred in the immeepastnatal period
produce permanent changes in the macrophages of rats in adukbabeér studies will help
unravel the mechanisms by which malnutrition during critical peraddievelopment affect
the balance of the immune system. The deeper understanding efnlieetsanisms could,
perhaps, in future, to prevent deleterious effects of malnutritionrlg &, whether with
through medication, nutrition or changes in lifestyle.

Descriptors: Malnutrition, Alveolar Macrophage, Nitric Oxide, viabilitysrat
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1. APRESENTACAO

Os indices ddome no mundo vém diminuindo desde 1990, na ultima década a
proporcéao de pessoas desnutridas no mundo diminuiu, ligeiramente (FAONAD Edtanto,
vinte e seis paises ainda apresentam niveis de fome que séo presc(@ail, 2011). A
desnutricdo € um dos indices apurados no levantamento da fome do mundoursendo
distarbio internacionalmente reconhecido como um importante problemaide gablica
(SCHWEIGERT; SOUZA; PERRY, 2009) devido a sua magnitude emaesfendial e
consequéncias desastrosas para 0 crescimento, desenvolvimento e suliseios
individuos (MONTE, 2000). No Brasil, a populacédo desnutrida na década de & Et%o,
ja entre os anos de 2005 e 2007 esse valor passou a ser de 6% (GHI, 2011).

E incontestavel o papel fundamental da nutricdo para o crescimento e
desenvolvimento saudavel do organismo. Por isso,mamapulacdo nutricionajue resulte
em uma dieta deficiente, e que é oferecida em periodos critidosyao (pré-natal e pos-
natal), promovera falhas nos sistemas organicos em desenvolvime@8$,1994). Mesmo
apos a introducao de uma dieta adequada, os sistemas que foramdasopoelem nao se
adaptar a nova condicdo, o que poderia ocasionar uma diminuicdo do potanaial p
longevidade e / ou aumento da suscetibilidade a doencas metabBIBEESON et al, 2011;
GODFREY et al, 2010; SLOBODA et al, 2009; GLUCKMAN et al, 2009).

A desnutricdo € a principal causa de carater nao-hereditamaudedeficiéncia no
mundo, e sdo bem documentados seus efeitos agudo e cronico nas raspostidagicas,
nao sendo claro, contudo, de que forma tais efeitos sdo desencaf(fe@edsISHAW,
2003). Estudos realizados com animais demonstram que o ambiente nutiiadeguado
nos periodos pré-natal e pos-natal poderiam conferir modificacdesodiasdcha resposta

imune, predispondo os individuos a doenca (FERREIRA-e-SILVA et al, 20 @S HES-
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CARNEIRO et al, 2006). Sabe-se que a maturacdo do sistema imanatogia a partir das
primeiras semanas de vida pré-natal, sendo a competéncia imocaolagquirida
gradualmente apds o nascimento tanto em humanos quanto em animaiCERPENal,
2006)

As células do sistema imunologico sao responsaveis pelo comiatearganismos
invasores, remocao de células mortas e detritos celularesdmeonpelo estabelecimento da
memoria imunolégica (SCHULENBURG; KURZ; EWBANK, 2004). Nesientido, o
macrofago, que é a forma tecidual do mondcito, participa da respuasta inata (primeira
defesa do organismo com atuacdo imediata contra qualquer ageéte determina uma
imunidade permanente, apesar de poder agir por varios dias) etiadapeacao especifica
para cada antigeno, variando quanto a qualidade e a intensidade) palanibaracdo de
diversos mediadores quimicos, tais como radicais livres de oxig@&mimgénio, proteases e
hidrolases, fazendo parte importante da defesa priméaria e darimémunologica de um
individuo (ZAGO; FALCAQ; PASQUINI, 2001).

Apesar do conhecimento a cerca da diversidade funcional do macrdfatm,sao
incipientes os estudos relativos as implicagcbes da manipulacdoiomairigerando a
desnutricdo, em periodos iniciais de desenvolvimento, para a respastdgica de um
organismo. Sabe-se, no entanto que condi¢des nutricionais inadequadas nos periodos
natais e pos-natais podem conferir modificacbes em longo prazgpmedd os individuos a
uma grande variedade de doencas (LUCAS, 1994).

A melhor compreensdo de como a nutricdo interfere em parameinasoh@icos,
imunologicos e no maquinario celular, possibilita a visualizacaongaanismos pelos quais
a manipulacao nutricional pode influenciar na ativacéo e/ou inibdg&esposta imune. Deste

modo, o presente estudo busca esclarecer de que forma o macrofaga podeatevidade
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modificada por meio da influéncia de condi¢cdes nutricionais enfrentadasicio de sua
vida.

O presente trabalho teve como objetivo geral avaliar as consequémciasgo prazo
da desnutricdo protéica pos-natal imediata sobre a funcdo de rgasréfaeolares de ratos
adultos. Os objetivos especificos deste trabalho consistiraaadisar de forma quantitativa
e qualitativa as células do sangue periférico e do lavado broncaalkolratos adultos
submetidos a desnutricdo protéica durante a lactacéo; quardificaracéo do oxido nitrico
em culturain vitro do lavadobroncoalveolarde ratos adultosubmetidos a desnutricdo
protéicadurante a lactacéo e verificar a viabilidade de macréfagos deianmormonutridos
e desnutridos incubados com diferentes concentracdes de lipopoldsaclrPS). As
seguintes hipoteses foram propostas: ocorre comprometimento quanétgtsaditativo dos
macrofagos broncoalveolares de ratos adultos submetidos a desnpitoitgica, a liberacéo
de Oxido nitrico produzida mediante ativacdo de macrofagos édaltpeda manipulacdo
nutricional sofrida durante o periodo pds-natal imediato e a viabilidadendosfagos é

diminuida pela manipulagcéo nutricional realizada.
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2. REVISAO DE LITERATURA

2.1 PLASTICIDADE DO DESENVOLVIMENTO

A plasticidade do desenvolvimento é definida como a capacidade dgendtipo
anico produzir mais de uma alternativa para formas estruturésiossfisiologicos ou de
comportamento em resposta as condicdes ambientais (BARKER, 2004stisighde atua
em periodos criticos, quando um sistema € adaptavel e sensivel antamipifluéncias
ambientais levam a adaptacfes, culminando com a perda de pldstieid@senvolvimento
de uma capacidade funcional adaptada. Para a maioria dos oOrgdtsmas, este periodo
critico ocorre ainda dentro do utero (BARKER, 2007).

As influéncias ambientais atuando durante as janelas do desenvolviperitalos
criticos de formacdo de determinados sistemas organicos, comotemasismune,
cardiovascular, nervoso, entre outros) induzem mudancas estrutwagandis duradouras,
pelo menos em parte, por processos moleculares epigenéticos KMAN; HANSON,
2004; WATERLAND; MICHELS, 2007), possibilitando assim a transmiss&@sasenovas
caracteristicas ao longo das geracdes.

A hipétese de plasticidade fenotipica do desenvolvimento refere quejogaeorre
incompatibilidade entre o resultado fenotipico da plasticidade adaptativamnbiente atual,
existiria o desenvolvimento de um fendtipo adaptado ocasionando uma dimirldca
potencial para longevidade e / ou aumento da suscetibilidade a doenigdslinees

(GLUCKMAN, ET al. 2009). Um exemplo seria 0 de estimulos nutriceimaprecisos da
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mae ou da placenta antes do nascimento seguido de uma mudanca hrapidatacomo a
melhoria do aporte nutricional, gerando uma incompatibilidade entreaptagdes esperadas
no periodo intra-uterino e as adaptacfes necessarias para aseadaintradas neste novo
ambiente (MCMILLEN; JEFFREY, 2005). Todas as adaptacdes obsemadasle adulta,
devido aos ambiente intra-uterino e da infancia s&o manifestag6efendmeno de
plasticidade de desenvolvimento.

Quando ratos séo expostos a uma dieta rica em gordura na fasgerdgra durante o
periodo de amamentacao, estes animais tendem a apresentaslesioces de desenvolver
disfuncéo endotelial se eles sdo mantidos em uma dieta ricardaraggtambém ao longo da
vida (KHAN, et al, 2004). Este achado ilustra a importancia do awebeds-natal ser similar
ao previsto nas fases iniciais da vida.

O inicio do periodo pos-natal é também um periodo de plasticidad@&dis&l
embora o tempo desta "janela de oportunidade” possa ser difergatedeledo do resultado
de interesse, da espécie e do género envolvido (BUCKLEY; JAQUIBRRDING, 2005).
Exemplificando o0 exposto anteriormente, a dieta materna € um dopgisnteterminantes
da composicdo do leite que tem um grande impacto sobre o recénpnasui
desenvolvimento. Ratas no periodo de amamentagdo alimentadas com ataadedi
cafeteria” tiveram o conteudo de &cidos graxos de seu leitadalfdem como a reducgdo do
teor de proteinas (ROLLS; et al, 1986). Essa alimentacéo ricggoaiura também faz com

que os filhotes adiantem em até 2 dias o inicio da alimentacdo eititage



19

(DOERFLINGER e SWITHERS, 2004), provoca o0 aumento de ganho de pestHERS;
ET al, 2001) e desenvolvimento de hipertensdo arterial, além do déwemudhs taxas
glicémicas na prole adulta (KHAN; et al, 2005).

Observa-se que a manipulagéo nutricional durante o periodo pés-natal pefdadsr
profundos sobre o desenvolvimento da prole, contudo o mecanismo subjacentecéedsse
sdo atualmente pouco conhecidos. Mudancas morfoldégicas nem sempre Sfoadies)t
contudo o perfil metabolico e funcional das células se mostraadidtefPIRES; CURI;
OTTON, 2007).

Como outros seres vivos, 0S seres humanos sdo capazes de se adasar
ambiente. As adaptacdes orgéanicas frente a alteracdes nutri@omgisriodos criticos de
desenvolvimento permitem a sobrevivéncia, maturacdo sexual e pefpetizaespécie, ao se
adequar em parte a nova realidade proposta, contudo danos a salude lmevitave
acompanham este processo. Estudos de Barker (1998) mostraram quesnhudiredietas
restritas durante a gravidez tiveram placentas menores, end$ raais tarde seus
descendentes apresentaram pressdo arterial mais elevadatdqurdefaisco para doenca
cardiovascular e acidente vascular cerebral). Alem disso, desdita pelve de mées revelou
gue aquelas que tém uma pelve plana tendem a dar a luz bebés pegsEsobeles
pequenos, quando adultos, eram muito mais propensos a falecerem por acdeunla
cerebral. A explicacdo era de que a ma nutricdo durantéciafde sua mae afetou o

crescimento da pélvis que, por sua vez, reduziram o crescimergoadprole durante a
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gravidez que, por sua vez, aumentou o risco de sua prole para doenca sauiova

acidente vascular cerebral na vida adulta (BATESON, 2001).

2.2 SISTEMA IMUNE E NUTRICAO

O sistema imune protege o hospedeiro contra organismos patogéniaogipaie
vias altamente complexas de reconhecimento, resposta, eliminag&odia que evoluiram
a fim de cumprir este papel. A ruptura nessas vias ou a sua&peraficiente pode levar ao
aumento da susceptibilidade a doencas infecciosas, bem como aumentobdiadaoe
mortalidade devido ao acometimento por doencas infecciosas (CALDER; ET al, 2006).

O desenvolvimento do sistema imune comeca durante a embriogénesdy qsa
primeiras células hematopoiéticas se desenvolvem fora dod&mhdad saco vitelino. Na 6 2
semana de gestacdo, as primeiras células-tronco hematopoétieas gpaddetectadas no
mesoderma do feto (LE DOUARIN, 1988). Em seguida, essas c&lote® migram para o
figado fetal e la iniciam a eritropoiese (MARSHALL e TH®AER, 2001). Durante a 72
semana de gestacdo, as ceélulas progenitoras migram para omrtirdesenvolvimento. A
migracdo destas células para a medula éssea ocorre na 200a@BODEY; et al, 1988;
PLUM; et al, 2000). Linfécitos T e células natural killer ssederolvem no timo; linfécitos
B, granulocitos e monaocitos se desenvolvem na medula 6ssea (LORENZI, 2006).

O desenvolvimento de células e 6rgaos linféides € um processo complexgugrea

expressdo temporal de fatores de crescimento, receptores elawlde adesdo. Além da
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transferéncia materno-fetal, o desenvolvimento do sistema imune geidate da
estimulac&o antigénica. (ZAGO; FALCAO; PASQUINI, 2001)

Devido o sistema imunologico ser imaturo ao nascimento, a nuine@equada
durante a infancia pode ter efeitos em longo prazo sobre o estadaude. Falta de
macronutrientes adequados ou a restricAo calorica prejudica ovoleseento e
diferenciacdo de um sistema imune normal. A combinagéo da de&autrbnica e infecgéo
enfraquecem ainda mais a resposta imune de um organismo (CGEMAM-RUNDLES;
MCNEELEY; MOON, 2005).

A deficiéncia simultanea de alguns micronutrientes pode tetogfatenuantes ou
excitantes sobre os componentes do sistema imunolégico. Portanto, quanda dedie
criancas € deficiente para um ou mais micronutrientes, € yalowale a sua funcao
imunologica também seja prejudicada. Infelizmente, ndo existeesi® que possa definir
qual seria 0 estado imunoldgico adequado para um determinado individBBERS; ET al,
2005). Isto ir4 depender do ambiente e condi¢cdes de saude a que o indiadpesto. No
entanto, a medida de parametros de varios componentes separados @oisistetdgico,
pode ser utilizado para avaliar sua capacidade funcional: a exempltsuracédo de funcbes
especifica de células “ex vivo”, medicdo de respostas “in vivestémulos antigénicos,
caracterizagcao da incidéncia e gravidade da infeccdo enmdedda populacdo-alvo durante

0s episodios de resposta a infecgcdes que ocorrem naturalmente m@s@rsta a patdgenos
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atenuados, a exemplo das vacinas (ALBERS; ET al, 2005;
CUMMINGS;ANTOINE;AZPIROZ, 2004).

E dificil quantificar o papel de cada um dos fatores nutricioseise a funcéo e
desenvolvimento do sistema imunoldgico, visto que: nutrientes diferentes efdtanm
distintos componentes do sistema imunoldgico, existem numerosasdetentre diferentes
fatores nutricionais, € complicado determinar a relacdo dose-efeitjovens e criangas
devido aspectos metodologicos e éticos (variaveis ndo nutriciondempoonfundir os
resultados) e o fato de ser complexo estudar a relevancia démmés subclinicas de
nutrientes devido a tendéncia a classificar um pequeno déficit comanamde deficiéncia
de micronutrientes (KLEIN; HEIRD, 2005).

Baixas concentracdes de determinados nutrientes como acido ascddsrcopedem
nao necessariamente prejudicar a funcdo imunoldgica, visto que o orgdéem capacidade
de adaptar-se a diferentes situacées. O mesmo vale para/anceledos efeitos de curto
prazo com a suplementacdo com doses supra-6timas, em comparac@s ooontantes
geralmente contidos em férmulas infantis. Chama atencéo o fatestdo excessiva de
micronutrientes também estar associada a uma funcao imunoléfictante (THURNHAM,

1997).

2.3 RESTRICAO NUTRICIONAL PERINATAL E SISTEMA IMUNE NA VIDA AULTA
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Recentemente, tem aumentado o interesse sobre quais consequémnaicass do
periodo pré-natal, podem ter sobre o estado de salde a longo prazo. Failkadda
fornecimento nutricional materno-placentario para satisfazeexagncias fetais podem
acarretar em alteracbes permanentes na estruturaabafieho do organismo (ZADIK,
2003).

O favorecimento da funcdo imunolégica requer grande aporte nutricioealbdada
para a manutencao do organismo. Durante o periodo pré-natal ocorredgnanachela da area
de desenvolvimento e crescimento, restricdes nutricionais nestpoldee acarretar em um
desenvolvimento imunoldgico fragil e limitrofe (MCDADE, 2005) . Uneraplo seria o
efeito negativo sobre o crescimento e desenvolvimento pulmonar fetalt@nque tiveram
sua genitora exposta a desnutricdo durante a gestacdo (CURLEARISAIN, 1978),
sujeitando estes animais a uma maior suscetibilidade a infeccbes pulmonares

A privagdo de um adequado aporte nutricional no periodo pos-natal Eocstaacem
diminuicdo de investimentos no aperfeicoamento imunolégico em detrimet@scimento,
marcadamente pronunciado neste periodo (MCDADE, 2005). Ocorre diminuicdo do
recrutamento de leucécitos na medula éssea, reducao da atividaciédaglos neutrofilos,
aumento da producdo de &nion superdxido e oOxido nitrico, bem como estado ativado n
expressdo de 6xido nitrico sintetase induzivel ( INOS) basdi-kappaB constitutiva em
ratos adultos que foram desnutridos durante o periodo pos-natal imediatmadigpulacédo

nutricional imprimiu alteragbes permanentes na producdo de citoeinasvagdo dos
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neutréfilos (SILVA; Et al, 2010). Todos os elementos citados sdo inmpestgpara o
maquinario envolvido no aperfeicoamento imunol6gico de um organismo.

S&o muitos os relatos demonstrando que a imunidade depende em cluafta dae
nutricdo. Na verdade, a deficiéncia nutricional esta comumenteiads@om uma mudanca
na modulacdo da resposta imune, levando a diminuicdo de sua capa&dadd¢eder o
organismo contra agressdes do ambiente (CHANDRA e NEWBERNE, 1B3t3).fungéo
diminuida € em parte justificada pela ocorréncia de hipocelularidad®edula 6ssea e
diminuicdo das células sanguineas circulantes em ratos adultosstisioisna desnutricao
intra-uterina (LANDGRAF; et al, 2007). Além disso observa-se andiigo do numero total
de células CD4 e CD8, bem como reducao plasmatica das IL-2Z.@s linfécitos também
apresentam uma diminui¢do da sobrevida (BADR e MOHANY, 2011).

Estudos tém demonstrado que deficiéncias nutricionais e outrossfdtsteesse,
doencas, alteragbes hormonais, entre outros) que reduzem o cresaorente periodos
criticos da vida podem afetar permanentemente a estrutdisi@amia de uma variedade de
orgaos e tecidos. A associacdo entre a desnutricdo durantagidaet a perda de tecido
linféide foi evidenciada por déficit no peso corporal, peso do timo, baco erowa células
destes orgaos, o que ilustra alteracdes estruturais destles t€RTIZ; Et al, 2009). Além
disso, ocorre também um aumento da suscetibilidade destas céptas@se, demonstrando

a alteracao funcional sendo causada pela agressao nutricional.
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Em ratos velhos, cuja desnutricdo ocorreu no periodo perinatal e apos ldogo pe
de recuperacao nutricional, observa-se uma diminui¢cdo do peso dos mésgoiaumento
do peso do pancreas, enquanto que nas mesmas condi¢cdes, animais jovensmapresent
diminuicdo do peso relativo nos pulmdes, cérebro e mais marcadamentecreapabaco,
musculos e figado (DESAI; Et al, 1996). Estes achados ilustranrrda simplificada que as
consequéncias da desnutricdo podem ser em parte amenizadasgesiaoi adequada de
nutrientes em longo prazo, contudo, ndo sdo completamente corrigidas.

Vale salientar que mesmo que as modificacfes causadas peldrigdo ndo sejam
tdo aparentes em alguns modelos experimentais avaliando ratosgenpfazo (BARRETO-
MEDEIROS; ET al, 2007), fica evidente que a resposta imunejédmada, mesmo apds
recuperacao nutricional. Estudos relacionando o sistema imunologico, ipataresstudo do
macrofago e a desnutricdo, encontraram uma diminuicdo do numero des déhais e
macréfagos no lavado broncoalveolar dos animais desnutridos, bem comaaaltdea
liberacdo de Oxido nitrico e da viabilidade destas células. @sa@njovens apresentaram
menor peso persistente, mesmo apoés oferta de dieta normal (FEREER.VA; ET al,
2009).

Embora essas adaptacdes possam ser benéficas para sobreviméraito eorazo, é
possivel que elas também levem a alteracbes permanentesrutarastorporal e do
metabolismo e, desta forma, predisponha o desencadeamento de d@edigavascular e

metabdlica na vida adulta (GODFREY e BARKER, 2000). Alteragiesnanentes da
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secrecdo de insulina e de glucocorticéides , bem como respostaatttia ineficaz, por
exemplo, foram evidenciados em animais desnutridos com dieta liye®ena durante a
lactacdo, fatores que podem predispor o surgimento de doencas cronizas @alulta
(BARJA-FIDALGO, Et al. 2003).

Importante causa de alteracdo da modulacdo da resposta imunenudrigies
(PETERS-GOLDEN; et al, 2004) em periodos criticos da gestag@oyagdo neonatal e
desmame, prejudica o desenvolvimento e diferenciacdo de um sistema adequado.
Constata-se que um desenvolvimento Intra-uterino e pos-natal prejutioadonsequéncias
em longo prazo, predispondo ao risco de doencgas infecciosas e outrass dpenpossuam
um componente imunoldgico, isto € preocupante, particularmente nos paises e
desenvolvimento (MCDADE; et al, 2001), onde mesmo que em menor proporgéataeéo

ao passado ainda séo alarmante os indices de fome e inseguranca glihengdrll)
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3.METODOS

5.1 AREA

Os experimentos foram realizados na sala de cultura de texitdtiusuario do
Laboratoério de Estudos em Nutricdo e Instrumentacédo BiomediddiB)Elo Departamento
de Nutricdo da Universidade Federal de Pernambuco (DN/UFPE) (Anexo A).

O LENIB foi fundado em 2006 através da parceira entre a URPHreversidade de
Tecnologia de Compiegne (UTC), na Franca, por meio da aprovacao d¢o pieje
Cooperacéo Internacional Capes/Cofecub em 2003. E composto por: biotégizicode luz
invertido, para estudos de atividade fisica; laboratério multiusuéario, prencial para
pesquisas na area de cultura de células e Imunologia, além ldbaratério de biomecanica

muscular, com interesse sobre o desenvolvimento da atividade locomotora.

5.2 PERIODO DE REFERENCIA

Este estudo foi iniciado em Setembro de 2010 e foi finalizado em Dezembro de 2011.

5.3 DESENHO DO ESTUDO

Estudo do tipo experimental utilizando ratos machos Wistar pansalacio de
parametros da funcdo imune em animais submetidos a desnutricicappOteitatal, atraves
da avaliacdo da viabilidade e da producdo de nitrito por macrofagus frediferentes

concentracoes de LPS.
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5.4 PROCEDIMENTOS ETICOS

Este estudo respeitou os principios éticos da Experimentacédo Aelabalado pelo
Colégio Brasileiro de Experimentacdo Animal (COBEA) e foiliada pelo Comité de Etica
em Experimentacdo Animal da Universidade Federal de Pernam(@EBA/UFPE) e
aprovado sob o protocolo: 23076.03154512010-60 (Anexo B). Vale salientar que aeoleta d
dados e manipulacdo dos animais somente foi iniciada apos a obtengpmvcdo do
referido comité.

Todos os pesquisadores e colaboradores envolvidos neste trabalho foradodre
possuem competéncia para a execucéo de suas atividades.

Os animais nao foram submetidos a privacéo de agua e alireengiosberam tipos de
racao diferentes conforme etapa do experimento a que foram submetidos.

Foram respeitadas as formas de eutanasia aceitas pela dadeucientifica onde nao

ha sofrimento do animal.

5.5 MANIPULACAO NUTRICIONAL E FORMACAO DOS GRUPOS

5.5.1 Divisdo dos grupos experimentais

Foram necessarias 10 matrizes (ratas para procriacao)rasjipam idade entre 90 a
120 dias, pesando entre 220 e 260 gramas e que nao possuissem pdeeniksccom
outras fémeas do mesmo grupo experimental, nem com os machosfepumdaram. As
ninhadas foram formadas por 8 filhotes machos e cada um pesavé enfrg no primeiro

ciclo escuro apds o nascimento. Os animais foram mantidos a teumgpeata 22+2°C, em
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ciclo claro-escuro de 12 horas (luzes das 06 as 18 h). Tarsosriteram definidos para todos
os trabalhos do grupo de pesquisa em que este trabalho esta inserido.

As matrizes foram acasaladas e receberam dieta padrao ¢amercial: LABINA,
Agribrands do Brasil, Tabela 1) até o nascimento dos filhotes. Appeasodo, as genitoras
passaram a receber durante a amamentacao: dieta normal ssimaca 17% (Tabela 2)
[GRUPO CONTROLE]; dieta purificada hipoprotéica, com cas8%a (Tabela 2) [GRUPO
CASEINA 8'%] e dieta do tipo DBR- dieta basica regional(Tat®), [GRUPO DBR],
caracterizada por déficit protéico quantitativo (8%) e qualitafivot¢ina de origem vegetal
em maior proporcéo). Apos os 21 dias de lactacéo, os filhotes de toglogpos passaram a
ser alimentados com a racao industrial padréo (LABINA), com pi@i23%. A seguir é

apresentado um diagrama detalhado com a construcdo dos grupos experimengall).(figur
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GRUPOS
EXPERIMENTAIS

A 4

GRUPO CASEINA 8%

GRUPO CONTROLE | | GRUPO DER \

Gestagdo Gestagdo Gestacao
materna: dieta materna: dieta materna: dieta
lahina labina lahina

| l l

Lactagio 21dias):
dieta caseina 17%

|

Lactacédo 21dias):
dieta caseina 8%

Lactacédo (21dias):
dieta DBR

l

l

Desmame até fase
adulta (P21 a P360):

Dieta labina

Desmame até fase
adulta (P21 a P360):

Dieta lahina

Desmame até fase

adulta (P21 a P360):

Dieta lahina

Figura 1: Diagrama do estudo experimental.Separacdo da prole em grupos conforme a dieta
recebida pela mae durante a lactagao. Foram utilizados 29 supanai a realizagdo deste estudo ao
final do periodo de 360 dias. Grupo controle (n=13), grupo caseina 8% (n=6), grupo OBR (n=

O peso corporal da prole foi registrado periodicamente durante adadsctacao e a
cada 30 dias entre os 30 e 360 dias pds-natais (P30 a P360), usando uraa(MARTE
AS 1000), com capacidade de 1000 g e sensibilidade de 0,01g. A curva pbdedeada
grupo experimental foi elaborada a fim de ilustrar o crescongestes animais, tendo sido
observado menor ganho ponderal em longo prazo dos animais alimentadoslietan do
tipo DBR (Apéndice A).

Aos 360 dias pos-natais (P360), foram iniciados os procedimentos da eolet

realizagdo dos ensaios experimentais.



Tabela 1 Composicéo centesimal da dieta Labfifa

Composicao centesimal (g%)
Kcal%

Proteinas Carboidratos Lipideos  Cinzas Fibras

23,27 56,81 4,24 6,60 8,00 358,48
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a: itens de enriquecimento por Kg de racao: aoidiod (14,00 mg), antioxidante (150,00 mg), bioti@20
mg), cobalto (2,00 mg), cobre (30,00 mg), colina@®,00 mg), ferro (180,00 mg), iodo (2,00 mg), gares
(110,00 mg), niacina (242,00 mg), selénio (0,20,mghtotenato de calcio (100,00 mg), piridoxina,@02mg),
tiamina (12,00 mg), vitamina A (28.000,00 Ul), witema B12 (44,00 mg), vitamina B2 (28,00 mg), vitaemD3

(4.400,00 Ul), vitamina E (90,00 Ul), vitamina K,Q® mg), zinco (110,00 mg)
b: segundo a Agribrands do Brasil
°Fonte: Laboratério de Experimentacdo e Andlise kilme\tos, DN/UFPE

Tabela 2 Composicdo das dietas normo e hipoprotéica, com adaptacdes, a baseink segundo

Reeves; Nielsen; Fahey (1993).

Constituintes Dieta normoprotéica Dieta hipoprotéica

(17%) (8%)

*9% 100,0 100,00
Proteinas 17,30 8,10

Carboidratos 65,90 75,10
Lipidios 7,00 7,00
Fibras 5,00 5,00
Vitaminas 1,00 1,00
Minerais 3,50 3,50
Metionina 0,30 0,30

% Kcal 363,44 362,48

*grama
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Tabela 3.Composicao centesimal da Dieta Basica Regional (DBR) segundo Teedakj¢1990). A
DBR é deficiente em vitaminas hidro e lipossollveis.

Composicao centesimal Kcal%
Proteinas  Carboidratos Lipideos Cinzas Fibras

Ingredientes g%

Feijao’ 18,34  3.99 10,66 0.24 0.57 1,09 60,76
Farinha de ¢/ g9 g4 48,59 0,12 0,43 5.64 198,80
mandioca

Charque 5., 5,74 i 0.06 006 - 11,50
(carnef

Charque 0.35 ) ) 0,35 - - 3,15
(gordura)

Batata-doc® 12,76 0,30 9,99 0,03 0,20 0,48 41,43
Total 100,00 7,87 69,24 0,80 1,26 7.21 315,64

a: cozido em agua e desidratado

5.5.2 Procedimentos de coleta e realizacdo do ensaio experimental

5.5.2.10btenc¢do das amostras de sangue periférico e realizagcdo do hemograma

Os animais aos 360 dias de vida foram anestesiados com uma s@ugjéabbse e
uretana (0,5% e 12,5%, respectivamente) (Sigma-Aldrich, SP Brasd) injecéo
intraperitonial, na propor¢cédo de 10 mil/Kg de peso corporal. O primeirceghnoento
realizado foi a retirada de amostra sanguinea para realizacéo de meanogra

Na extremidade da cauda de cada animal anestesiado foadealim corte usando
um bisturi e 0,2 mL de sangue foram coletados em tubo de ensaio cdaZhda 3%. As
amostras foram processadas pelo analisador hematoldgico autohdtica ABX, Pentra
DX 120, com revisdo de lamina. Todas as amostras foram processadasonatorio de

Andlises Clinicas do Hospital das Clinicas (HC-PE) de Pernambuco (ANBXO C

5.5.2.20btencéo do lavado broncoalveolar
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Apos retirada de amostra sanguinea para realizacdo de herapgsaprocedimentos
para obtencédo do lavado broncoalveolar (LBA) foram iniciados.

O LBA foi obtido de acordo com a técnica descrita em De Castmb €000).Foi
injetado NaCl a 0,9% a temperatura ambiente através de ungasesimectada a uma canula
plastica inserida na traquéia. Varias aliqguotas de aproximadafment. foram injetadas e
coletadas em um tubo tipo falcon estéril. Foram recuperados apdatmente 50 ml de LBA

por animal.

5.5.2.3Contagem de células totais do lavado broncoalveolar

ApoOs a coleta, uma aliquota do LBA coletado foi diluida na proporcéo de€viv)0
com solucdo de azul de Tripan (1%) e a contagem total de masdi@igrealizada em
hemocitometro de Neubauer, com auxilio de microscopio dédympus optical BX41TF,

Japéao Co Ltda.)

5.5.2.4Analise da Integridade da membrana celular das células do LBA

Os macroéfagos do LBA foram coletados como descrito anteriorregnit@a aliquota
foi separada e centrifugada, o precipitado foi ressuspenso em S0tampao fostato-salino
(PBS). Foram adicionados 50 pL de solucao de iodeto de propidio @Ripg{®L em PBS) e
as células foram analisadas no citdmetro de fluxo de acord@ ¢éamica de Nicoletti, Et al
(1991). A fluorescéncia foi mediada no canal FL2 (fluorescéncia daearmelhada —
585/42 nm). Dez mil eventos foram adquiridos por amostra em histograsdsstogramas

foram analisados através do “Cell Quest Software” (Becton Dickinson).
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5.5.2.5Determinacéo do potencial transmembranico da mitocondria

Aliquotas de LBA ( 1 x 1Dcélulas)foram ressuspensas em 1 ml de solucdo salina,
adicionado 1 pL de solucdo de rodamina 123 (5mg/mL em etanol) e insyladB) min a
37°C segundo a técnica descrita em Peres, Curi (2005). As céludas favadas com PBS
duas vezes, ressuspensas em 0,5 mL de PBS e incubadas por 30 mini@o#\de¥Tira foi
realizada no citbmetro de fluxo imediatamente apos o periodo de inocuPattédn-Curi, De
Melo et al. 2004). A Rodamina 123 (corante fluorescente cationicagitdnel por laser de
argoénio (480 nm) e emite fluorescéncia na faixa de 515-530 nm (FLpgriBeavel a
membrana celular e € rapidamente sequestrada pela mitocondtitas G®m potencial
mitocondrial transmembranico inalterado captam a rodamina enenaita fluorescéncia
quando atingidas pelo laser. Alteracdes no potencial mitocondriahteanbranico levam ao
efluxo da rodamina de dentro da mitocéndria, gerando eventos que @nmtgaor

fluorescéncia.

5.5.2.6Cultivo das células do LBA

Os macrofagos obtidos do LBA foram cultivados conforme desarit@®e-Castro et
al. (2000). As células do LBA foram centrifugadas (10 minutos, 47®3g3suspendidas em
meio de cultura RPMI-1640 (Sigma-Aldrich, SP, Brasil) suplementadosoro fetal bovino
a 10%, 100 U/ml de penicilina e 100 pug/ml de estreptomicina (Sidaracd, SP, Brasil). A
seguir, as células foram distribuidas em placas de cultura cpocd8 (5x 1G/mL células)
(TPP, Cultilab, SP, Brasil) e levadas para aderir por 2 h em idotdba 37°C em G 5%.

As células ndo aderidas foram removidas com NaCl a 0,9% estéril.
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5.5.2.7Incubacéo das células cultivadas com diferentes concentracdes de lipofoidsac

(LPS) e avaliacéo de seu efeito sobre a liberacdo de 6xido nitrico

Com o intuito de analisar a liberacdo de 6xido nitrico (LON) por éfAresposta a
diferentes concentracdes de substancia estimulante, as céluldasade animais controles e
desnutridos foram incubadas calf, 25 e 50 pg de lipopolissacarideo (1mg/ml) (LPS
Sigma-Aldrich, SP, Brasil). Para controle negativo, foi adicionadastammeio de cultura
em alguns pocos.

ApoOs 24 horas de incubacdo com LPS, o sobrenadante de cultura foi celdtado
realizada a analise da LON através de método colorimétrico quaatiiaseado na reacao de
Griess, culminando com a leitura dos niveis de nitrito/nitrate@menadante de cultura de
macréfagos broncoalveolares, sendo os resultados expressos e nitvato po 5 x 10
células. Neste estudo foram utilizadas aliquotas de 50 pL em duplicata desaddntes de
cultura incubadas a temperatura ambiente por 10 minutos com 50 plgdeteede Griess
imediatamente preparados (sulfanilamida a 1% e naftiletil€nb% em acido ortofosforico a
5%). A absorbancia foi mensurada a 550 nm por espectofometria. A cagéende nitrito
foi determinada a partir de uma curva padrdo construida com nitrateodle nas
concentracdes de 0-35 uM. Todas as amostras foram avaliadasdagéora um branco
correspondente a RPMI-1640 incubado por 24 h nas mesmas placas dagasamas na

auséncia de células.

5.5.2.8Analise da viabilidade celular pela técnica de reducdo do 3-[4,5-dimetilt21]-

2,5- brometo de difenil tetrazolio (MTT) ao formazan
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A viabilidade dos macréfagos do LBA cultivados na placa foi avalsiia reducéo
mitocondrial do 3-[4,5-dimetiltiazol-2-il]-2,5- brometo de difenil tetka (MTT) ao
formazan como descrito em Mossman (1983). As células foram incubaoe® pL de
MTT/mL (0,5 mg/ml) e meio de cultura (50uL) por 12 h em incubadora a8TCQ a 5%.
O formazan resultante foi solubilizado com 50 puL de dodecil sulfaswdi® a 10% (SDS),
incubados por 12 h nas mesmas condi¢des.

A gquantificacdo do formazan solubilizado foi realizada por espectrofttena 540

nm. Os resultados foram expressos em absorbancia de formazan pdrcglxl8.

5.6 METODO DE ANALISE

Foram utilizados para a andlise dos dados os testes de médeswib padréo da
média. Na comparacao entre os grupos, foi utilizada, quando apropriadke em@tipla de
variancia com ou sem medidas repetidas (RM ANOVA), seguida ste feukey ou

Bonferroni, conforme apropriado. Um valor de p < 0,05 foi considerado sajrtdic
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6. RESULTADOS— ARTIGO ORIGINAL

Nesta dissertacdo, foram estudadas as consequéncias em krmalgprdesnutricdo
pos-natal pela dieta purificada com caseina 8% e Dieta Basica R€giBRIsobre a funcéo
de macréfagos broncoalveolares, bem como o possivel papel da maapdieigtica na
modificacdo de parametros de viabilidade da célula. O artigaladko: “Desnutricdo pos-
natal imediata altera a viabilidade e funcdo dos macrofagos em rdtosubmetido (Anexo
D) a revista THE JOURNAL OF NUTRITION, fator de impacth3. Qualis: classificacéo

Al (medicina ll), tipo: “RESEARCH ARTICLES” (AnexB).
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ABSTRACT

Nutrition manipulation causing malnutrition in crucial development stagmerates long
term negative consequences in the immune system. Macrophage ddferent moments in
the immune response, participating in the innate response aasaelthe adaptive immune
response. To evaluate if the nutrition manipulation with different hypejar diets in the
beginning of life interferes in the immune function on the adult wate examined
hematological values in peripheral blood, the viability of alveolacnmphage through
different methodologies and the nitric oxide liberation by stimulation witlattigenic agent.
Rats were breastfed by mothers that were fed with a pudfetddeficient in proteins or by
diet deficient in many aspects, similar to the one that wersumed in the 60’s by the
malnourished population in the northeast of Brazil, called Regionat EBast . It didn’t
occurred modifications in the hematologic values concerning thenedvhite series. The
cell culture analysis revealed that both diet manipulations irdiGatecrease in the viability
and the function. This last one was indicated by the reduction of tbh@ph@ge capacity of
producing nitric oxide. The different tests of cellular viabilityade indicated different
answers from these cells, which indicates that there has bseunctural adaptation to the
new nutritional conditions, but its cellular machinery, however, wgtedd. In conclusion,
the different nutritional manipulation occurred in the immediate ptatr@eriod cause
permanent alterations in the adult life of the macrophage, whictesalt n the commitment

of the rat’'s immunological system.

Descriptors: Malnutrition, Alveolar Macrophage, Nitric Oxide, viabilitysrat
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INTRODUCTION

The malnutrition role in the organism healthy growth and development these
being the center of attention of each time more comprehensivesstluketo the negative
consequences that an inadequate diet can cause on both these pardimetatdritional
inadequacies are recognized as an important public health problene(ig the global wide
magnitude and its disastrous consequences to the growth, developmeninaval of the
individuals (2).

A nutrition manipulation that result in a deficient diet and is effen critical times of
the shaping (pre-natal and postnatal) can foment fails on the organic develogstemsg3).
Even after the insertion of an adequate diet, the systems thatffected couldn’t adapt to
the new condition, which could cause a decrease on the potential for tgragelior rise of
susceptibility to metabolic diseases (4-7).

Malnutrition is the principal nonhereditary cause for immunodeficiémd¢lye world, e
are well documented it's acute and chronicle effects on the imngioalaesponses, not
being clear, however, in which way those effects are triggered (8). Stadized on animals
and humans show that the nutritional environment on the pre-natal and gigsémaids can
grant long lasting modifications concerning the immune response, predgpudividuals to
sickness (9-10). It is known that the immunological system maturataots from the first
weeks of pre-natal life, and the immunological competence is oqglyirad gradually after
birth, in humans as well as in animals (11).

To evaluate the nutritional manipulation with different low protein sdigt the
beginning of life interferes on the immune function of the adult wate examined
hematological values in the peripheral blood, viability of the alveolacrophage through

different methodologies and the release of nitric oxide by stiroalavith antigenic agent.
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Such parameters made possible to trace a quantitative andhahgirofile of the immune

response of the malnourished adult organisms in the initials periods of life.

MATERIALS AND METHOD

The experiments were made on the tissue culture lab and Multtigke Lab of
Nutrition and Biomedical Instrumentation Studies (LNBIS) of the Nutritiep&tment in the
Federal University of Pernambuco. This study respected the ephiceiples of the Animal
Experimentation made by the Brazilian School of Animal Experinientand it was valued
by the Animal Experimentation Ethical Committee of the Fddénaversity of Pernambuco

and approved, having the code: 23076.03154512010-60.

Experimental groups division

Were mated 10 arrays that were never pregnant before, welgttvwgen 220 and 260
grams. In this period, they were fed with a standard diet (coomhention: LABINA,
Agribands do BrasilTable 1) until the puppies birth. The litters were formed by 8 male
puppies and each weighted among 6 and 79 in the first dark cyetebath. The animals
were maintained at the temperature of 22+2°C, in a bright-dal& ofyd@2 hours (lights from
06 until 18h). During the breastfeeding the mothers started receiv¥iagedt diets according
to the experimental group: normal diet with casein 17Pable 2) (12) [CONTROL
GROUP]; low protein purified diet, with casein 8%aple 2) (12) [CASEIN 8% GROUP]
and the diet kind RBD — regional basic diet, characterized by thatitptive (8%) and
qualitative (vegetal protein in higher proportion) protein defi€able 3) (13), [GROUP
RBD]. After 21 days of lactation, the puppies of all groups staoeidg feed with the

standard industrial ration (LABINA), with protein 23%, and the weighalbfanimals were
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periodically monitored. It was observed the lowest weight in long @ the animals feed

with the RBD diet.

Attainment of the peripheral blood samples

When the animal had 360 days of life there were anesthetizechwitioralose and
urethane solution (0,5% and 12,5%, respectively) (Sigma-Aldrich, SRI)Bias way of
intraperitonial injection, on the proportion of 10 ml/kg of corporal weighe first procedure
made was the extraction of the blood sample for the CBC. 0,2 nbloofl was collected
through distal transection on the tail, in a test-tube containinpAEEY%. The samples were
processed by the automatic hematologic analyzer method (Horiba ABXa®Pe< 120), with
blade review. All samples were processed on the Clinic Asalysb of Clinic Hospital of

Pernambuco (CH-PE).

Attainment of the Bronchoalveolar lavage (BAL) and the total cells score

The BAL was obtained according to the technique described in Deo@astl. (2000)
(14), recovering approximately 50 ml of BAL in each animal.

After the collect, a part of the BAL was diluted in the projporof 1:10 with solution
of Trypan blue (1%) and the total score of macrophages was madeNeulzauer’'s

hemocytometer, with aid of a light microscope (Olympus optical BX41TF, Jap&td&p

Analysis of the integrity of the cellular membrane in the BAL cells

A part of BAL fluid of each animal was separated and cengdughe result was
suspended again in 5QQ of PBS. It was added %L of PI (50uL/mL in PBS) and the cells
were analyzed in the flow cytometer according to the Nicoletthnique (15). The

fluorescence was measured in the channel FL2 (orange-red flelocese 585/42 nm). Ten
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thousand events were acquired by samples in histograms. The msogere analyzed

through the “Cell Quest Software” (Becton Dicknson).

Determination of the transmembrane potential of the mitochondria

Parts of BAL fluid were suspended again in 1mL of saline, adding df golution of
rhodamine 123 (5mg/mL in ethanol) and incubated for 10 minutes®@t 3he cells were
washed with PBS twice, suspended again in 0,5 mL of PBS and incubal rfunutes at

37°C. The reading was made in the flow cytometer immediately after incubzépn (

Cultivation of the BAL cells and incubation with differentconcentrations of
lipopolysaccharide (LPS) for evaluation of its effects on the liberation dfinioxide

The macrophages obtained in the BAL were cultivated as descrip-{DabBtro et al
(2000) (14). The cells of the BAL fluid were centrifuged (10 minutes3gyand suspended
again in a culture medium RPMI-1640 (Sigma-Aldrich, SP, Brazil) smpghted with bovine
fetal serum at 10%, 100 U/ml of penicillin and 100 pg/ml of streptom{Sigma-Aldrich,
SP, Brazil). Hereafter, the cells were distributed in culplages with 96 wells (5 x £aml
cells) (TPP, Cultilab, SP, Brazil) and taken to adhere fon2imiincubator at 37°C in CO2 at
5%. The cells that didn’t adhere were removed with sterile NaCl at 0,9%.

In order to analyze the liberation of nitric oxide (LON) percroghage in response to
different concentrations of stimulant substance, the cells adifeped controlled and
malnourished animals were incubated with 10, 25 e 50 ug of lipopolysaccharide (P8, Si
Aldrich, SP, Brazil). For negative control, it was added only culture medium inwettse

After 24 hours of incubation with LPS, the supernatant of culturecoléected and it
was made an analyze of nitric oxide release by the quargiilorimetric method based on

the Griess reaction, culminating with nitrite/nitrate leveldiags in a supernatant culture of
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bronchoalveolar macrophage. The results were expressed in pMaé higr 5 x 10cells.

The absorbance was measured in 550 nm per spectrophotometry.

Analyzes of the cellular viability by the reduction teclguie of 3-[4,5-dimethyltiazol-2-il]-
2,5-difezil tetrazolium bromide (MTT) to formazan.

The BAL’s macrophage viability cultivated on the plate was etetl by the
mitochondrial reduction of the 3-[4,5-dimethyltiazol-2-il]-2,5-difezdtrazolium bromide
(MTT) to formazan as described in Mossman (17). The cells imetdated with 5 pL of
MTT/mL (0,5 mg/ml) and culture medium (50uL) for 12 h in an incubat®7°C and CO2
at 5%. The resulting formazan was solubilized with 50 pL of sodium gibdelfate at 10%
(SDS), incubated for 12h in the same conditions.

The quantification of the solubilized formazan was realized bgtsg#hotometry at

540nm. The results were expressed in formazan’s absorbance BtBH40

Statics Analyzes

It was used for the data analyze of the tests media +/-asthddviation. To compare
the groups was used, when proper, multiple analyze of variance witlithmut repeated
measures (RM ANOVA), followed by Tukey or Bonferroni test, pprapriate. The data

were expressed in media +/- standard deviation.

RESULTS
Hematological parametersThere was no significant difference of the hematological values
on the red series-{gure 1) and white Figure 2A and 2B) among the studied groups. All the

values found are according to the age reference values.
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Analyze of the cellular viability.lt was observed that the alveolar macrophages from the
malnourished groups, as well as the ones from the control group, preaemtestly full
plasma membranes (above 80%, when evaluated by the flow cytdewtquine Figure 3)

and around 95% by the microscope, according to the trypan blue teclaieattests the
integrity of the cellular membrane by colorimetric methddgre 4). Concerning the
viability technique by MTT, the cell from the malnourished groups ptedesignificantly
higher values (p<0,05) than the ones from the control gréiguie 5). However, when the
viability is made by the transmembrane potential evaluation ahitechondria’s test, it can

be observed that the malnourished groups showed an indicative responsesthaetls were

in a initial phase of the apoptotic process, with significantly towadues than the control

group (p<0,05)Kigure 6).

Cultivation of the BAL cells and incubation with differentconcentrations of
lipopolysaccharide (LPS) for evaluation of its effects on thdriai oxide liberation. The
RBD group presented a basal production of nitrite significantliggrighan the group casein
17%. When stimulated, the groups behaved in similar ways in all doaitens of LPS (10,
25 and 50ug), not occurring differences concerning the concentration ofddpgrally, the
group casein 8% and RBD presented significantly lower valuesttieagroup casein 17%

and the RBD, on the other hand, presented significantly highersvtiae the casein 8%

(Figure 7).
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DISCUSSION

The impact of the nutritional manipulation on the immediate postpatabd on the
alveolar macrophage in rats was evaluated as its function, amountadildyvin adult rats.
The animals were breastfed for a month by mothers that were fed withiagdrét deficient
in proteins or with a diet multideficient similar to the one conglurae the 60’s by the
malnourished populations from the northeast in Brazil, called RegiRamit Diet (RBD).
When adults were evaluated concerning the hematological paramatets their
bronchoalveolar cells were examined as its functionality and wjabilhe present study
showed that it did not occurred modifications on the hematological sraiu¢he red and
white series. The study of the cellular culture reveled thé&t tmainipulations caused decrease
on the cell's viability and function. This last was indicated by tkduction of the
macrophage capacity of produce NO. These findings indicate thatitiigonal manipulation
occurred in critical phases of the development causes permarterdtiahs on the
macrophage adult’s life.

The diets used to provoke malnutrition didn't cause modifications on the
hematological values of the red and white series, which corresonath the conclusions of
studies where the malnutrition is induced for evaluation of heowital parameters (18).
Despite the evidence that the nutrition privation interferes on thg and cellularity of the
bone marrow (19), the study that focus on the consequences of thadamedterations in
a long term, after periods of nutritional recovery, indicates niiwaten on the pattern of
cytokines and growth factors (20). These immune modulators are fundamentaldegaata
balance between stimulation and inhibition on the cell production by éuellar medium.
The proof is that the hematological parameters of malnourehieshls and evaluated after a

recovering phase are normal (21).
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Both diet manipulations indicated decrease of the viability and uhetibn of the
alveolar macrophage. This last was indicated by the reductithre shacrophage capacity of
produce NO. Different viability techniqgues made an indication of possiblered
mechanisms on the cell, so helping to elucidate certain functiotalf@and on the study.
Colorimetric techniques as the utilization of trypan blue and Midicate integrity of the
plasma membranes and the functional capacity of the cell in metabatiaencompounds by
this endosomal vesicles and mitochondria. The study revealed thaterappaby these
techniques, the diets used to cause malnutrition did not alter thétyiabthe macrophage.
However, in measuring the transmenbrane potential of the mitochoradridtie nutritionally
manipulated cells was possible to observe that this organelleesliffelicate alterations in its
function. It was observed that the morphology and function can be, aingaest, restored
with the introduction of a normal diet (20), which corroborate in path e results
obtained, although more profound alterations can also happen on the machthese cells,
causing future damages with the triggering of diseases in long-tejm (22

The finding of these mitochondrial alterations indicates initial dgwan the cell’s
machinery, which affects the way of the cell responding to stitionl. The data contained in
this study concerning the production of NO illustrate the malnutritausing mitochondrial
damages and the resulting alteration on the function of the macrogheg@roduction of
NO is profoundly altered and is well characterized by therksponses of these cells when
antigenic stimulated. These finding demonstrate the incapacitjeoimmune system in
respond properly to the antigenic stimulation, which is concordanttetfindings in study
realized in younger animals (9), that also showed alteration gordldeiction of NO as well
as in the results of the alteration of their inflammatory respdike spreading, phagocytosis

and the fungicide activity of the macrophages from animals that suffedednition (23).
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Thus, is admitted that the immediate post-natal malnutrition dalmeg term
consequences concerning the function and viability on the alveolar mageophadult rats.
It is necessary, trough new studies, the deepening of thprebemsion of the mechanisms
that interfere on the duo nutrition and immune system. This wagutdwbe possible to
glimpse in a near future the prevention of the deleteriousteftéche malnutrition on the

beginning of life.
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FIGURE LEGENDS

FIGURE 1: Hematological values of the red series in rats. Casein 17étp gegular
(N=13), casein 8%: malnourished group with diet containing 8% casein .(NRED:
malnourished group with diet containing 8% of protein, especially Ve{tdal0). HC:
erythrocytes, HB: hemoglobin, HT: hematocrit, VCM: corpusculaerage volume, HCM:
corpuscular average hemoglobin, CHCM: corpuscular average hemoglahdentration,
RDW: red cell distribuition width. There was no difference amtmg groups (two-way

ANOVA followed by “Bonferroni posttest”)

FIGURE 2: Hematological values of the white series rats. Casein 17&upgregular
(N=13), casein 8%: malnourished group with diet containing 8% casein .(NRED:
malnourished group with diet containing 8% of protein, especially ab{dt10). 2A: total
number of leukocytes/mm3 (one-way ANOVA followed by Tukey postteg).differential
counting of the leukocytes, percentage values (two-way ANOVA fektbly “Bonferroni

posttests”). There was no difference among the groups.

FIGURE 3: Analyze of the integrity of the BAL’s cell membrane ligw cytometer. Casein
17%: group regular (N=13), casein 8%: malnourished group with diet cont@#ncasein
(N=6). There was no statics difference among the groups (oneAN&NVA folloew by

Tukey posttest).

FIGURE 4: Determination of the percentage of viable BAL's macrophagesypwan blue.

Casein 17%: group regular (N=13), casein 8%: malnourished grouplieiticontaining 8%
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casein (N=6), RBD group (N=10). There was no statics differano@eng the groups (one-

way ANOVA folloew by Tukey posttest).

FIGURA 5: Formazan production in the supernatant culture of alveolar macrophage of 360
days old animals by the reduction technique 3-[4,5-dimethyltiazif2Z25-difezil tetrazolium
bromide (MTT) to formazan. Casein 17%: group regular (N=13), c&%immalnourished
group with diet containing 8% casein (N=6), RBD group (N=10). *sigmificdifference
between the group casein 8% and the regular nourished group with p<0,05 (two-way ANOVA
followed by “Bonferroni posttests”). ** significant difference beemeRBD group and group
casein 8% with p<0,05 (two-way ANOVA followed by “Bonferroni podd8s Worth
mentioning that the different concentrations of LPS did not conferredtisas on the

alveolar macrophage’s viability on both groups.

FIGURE 6: Determination of the transmembrane potential of the BAL'©chibndria’s
cells by flow cytometer. Casein 17%: group regular (N=13),ica&¥: malnourished group
with diet containing 8% casein (N=6), RBD group (N=10). The malnoutish®ups
presented significantly low values of transmenbrane potential othundria (* P<0,0001,

one way ANOVA followed by Tukey posttest), indicative alteration of the apogibase.

FIGURE 7: Nitrite production in the supernatant culture of alveolar macigplo& 360 days
old animals. The values are exposed in media +/- standard deviatibm=4i3 for control,
n=6 for casein 8% and n=10 for RBD. *significant difference betweenpgcasein 8% or
RBD and group control with p<0,05 (two-way ANOVA followed by "Bonferrposttests).
** gignificant difference between group DBR and group casein 8% p#ith05 (two-way

ANOVA followed by "Bonferroni posttests”). Worth mentioning that tliferent
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concentrations of LPS did not conferred variations on the nitrite production on the sapterna

culture of alveolar macrophage on both groups.
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Table 1. Centesimal composition of the Labina diéf

Centesimal composition (g%)
Kcal%

Proteins carbohydrates lipids ashes fibers

23,27 56,81 4,24 6,60 8,00 358,48

a: Items of enrichment per Kg of ration: folic acid (14,00mg), ardants (150,00mg), biotin
(0,20mg), cobalt (2,00mg), copper (30,00mg), choline (2.800,00mg), iron (180,00mg), iodine
(2,00mg), manganese (110,00mg), niacin (242,00), selenium (0,20mg), calcium petéothe
(100,00), pyridoxine (12,00mg), (4.4000,00Ul), vitamin A (28.000,00Ul), vitamin B12
(44,00mg), vitamin B2 (28,00mg), vitamin D3

b: According to Agribands of Brazil

c: Source: Experimentation and Food Analyses Lab, DN/UFPE.
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Table 2. Composition of the regular and low protein diets, with adaptations, baseaksein,

according Reeves; Nielsen; Fahey (1993).

Constituents Regular protein diet (17%)  Low protein diet (8%)

*0% 100,0 100,00
Proteins 17,30 8,10
Carbohydrates 65,90 75,10
Lipids 7,00 7,00
Fibers 5,00 5,00
Vitamins 1,00 1,00
Minerals 3,50 3,50
Methionine 0,30 0,30

% Kcal 363,44 362,48

* grams
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Table 3. Centesimal Composition of the Regional Basic Diet (RBD), as reported in T@odos

et al.,(1990). RBD is totally deprived of water soluble and fat soluble vitamins.

Centesimal composition
Ingredients 0% Kcal%
Proteins Carbohydrates Fats Ash Fibers

Beans® 18.34 3.99 10.66 0.24 0.57 1.09 ©60.76
Manioc flour 64.81 0.84 48.59 0.12 0.43 5.64 198.80
Dried & salted meaf  3.74 2.74 - 0.06 0.06 - 1150
Dried & salted fat 0.35 - - 0.35 - - 3.15
Sweet potat8 12.76 0.30 9.99 0.03 0.20 0.48 41.43
Total 100.00 7.87 69.24 0.80 1.26 7.21 315.64

a: cooked in water and dried.
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Supplemental Figure 1:Hematological values of the red series in rats. Casein §78ap
regular (N=13), casein 8%: malnourished group with diet containing&¥in (N=6). RBD:
malnourished group with diet containing 8% of protein, especially Ve{tdal0). HC:
erythrocytes, HB: hemoglobin, HT: hematocrit, VCM: corpusculeerage volume, HCM:
corpuscular average hemoglobin, CHCM: corpuscular average hemoglahdentration,
RDW: red cell distribuition width. There was no difference amtmg groups (two-way
ANOVA followed by “Bonferroni posttest”)
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Supplemental Figure 2 Hematological values of the white series rats. Casein 178apgr
regular (N=13), casein 8%: malnourished group with diet containing&¥in (N=6). RBD:
malnourished group with diet containing 8% of protein, especially ab{dt10). 2A: total
number of leukocytes/mm3 (one-way ANOVA followed by Tukey postt@g).differential
counting of the leukocytes, percentage values (two-way ANOVA felblwy “Bonferroni
posttests”). There was no difference among the groups.
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Supplemental Figure 3 Analyze of the integrity of the BAL's cell membrane Hgpw
cytometer. Casein 17%: group regular (N=13), casein 8%: malhedrigroup with diet
containing 8% casein (N=6), RBD group (N=10). There was nastdifference among the
groups (one-way ANOVA follow by Tukey posttest).
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Supplemental Figure 4:Determination of the percentage of viable BAL's macrophages by
trypan blue. Casein 17%: group regular (N=13), casein 8%: malnadirggloep with diet
containing 8% casein (N=6), RBD group (N=10). There was nastdiiference among the
groups (one-way ANOVA folloew by Tukey posttest).



65

Online Supporting Material

1.54
C
© * - * o~ *
g/\ 107 l I % [ NOSTIMULUS
SE I 3 LPS 10ug
53 B3 LPS 25ug
&2 @l LPS 50ug
S~ 05
o
[%2]
o]
<
0.0 L L 1 1 1 )
A S P g ST A S P
N -Q <& RS <& N NOQ
& & P o o £
@ P & P & &L & L
GROUPS

Supplemental Figure 5: Formazan production in the supernatant culture of alveolar
macrophage of 360 days old animals by the reduction technique 3-[4,5-diraeti2-il]-
2,5-difezil tetrazolium bromide (MTT) to formazan. Casein 17%: groegular (N=13),
casein 8%: malnourished group with diet containing 8% casein (N=6), q8p (N=10).
*significant difference between the group casein 8% and the regalaished group with
p<0,05 (two-way ANOVA followed by “Bonferroni posttests”). ** significt difference
between RBD group and group casein 8% with p<0,05 (two-way ANOVA felioly
“Bonferroni posttests”). Worth mentioning that the different conceatratof LPS did not
conferred variations on the alveolar macrophage’s viability on both groups.
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Supplemental Figure 6. Determination of the transmembrane potential of the BAL’s
mitochondria’s cells by flow cytometer. Casein 17%: group regwarl8), casein 8%:
malnourished group with diet containing 8% casein (N=6), RBD groupl@\N=The
malnourished groups presented significantly low values of transarembpotential of
mitochondria (* P<0,0001, one way ANOVA followed by Tukey posttest), itigdiea
alteration of the apoptotic phase.
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Supplemental Figure 7.Nitrite production in the supernatant culture of alveolar macrophage
of 360 days old animals. The values are exposed in media +/- stamed@atiosh, with n=13

for control, n=6 for casein 8% and n=10 for RBD. *significant differebeaveen group
casein 8% or RBD and group control with p<0,05 (two-way ANOVA followed b
"Bonferroni posttests). ** significant difference between group RBD group casein 8%
with p<0,05 (two-way ANOVA followed by "Bonferroni posttests™). Worhentioning that

the different concentrations of LPS did not conferred variations onitiiee production on

the supernatant culture of alveolar macrophage on both groups
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7. CONSIDERACOES FINAIS

A desnutricao proteica pés-natal imediata causou consequénciasgaplazo sobre
a funcdo e viabilidade de macréfagos alveolares de ratos adulestud» quantitativo das
células do sistema hematoldgico, no entanto, ndo demonstrou alteragiies,levanta a
possibilidade da ocorréncia de adequac¢des organicas ao longo do teppoipnada pelo
extenso periodo de recuperacdo nutricional. Tais adequacdes reaukamiaum padrdo
morfolégico normal das células, contudo, como foi visto, a funcionalidadasdeélulas
permaneceu alterada.

A desnutricdo pela DBR causou modificacdo da curva ponderal, catificdg&o de
menor peso persistente, mesmo apds longo periodo de ingestddadeodimeal. A curva
ponderal ilustrou a severidade da desnutricdo causada pela DB&gné@ponto, a dieta
purificada hipoprotéica ndo demonstrou alterar a curva ponderal, o quemifiossgue sua
acao no sistema imune tenha sido menos ofensiva.

Observou-se que a manipulacdo dietética ocasionou menor producadtaleelins
macroéfagos, estando estas células mais ativadas (maior sallr ba auséncia de estimulos
antigénicos), contudo menos responsivas quando estimuladas com agegéticantEste
fato pode ser explicado por uma possivel alteragdo do metabolism® aidatas, bem como
pelo possivel desequilibrio de citocinas e mediadores quimicos mtiinflaanatorias, que
mesmo nao sendo o foco de nosso estudo, sdo sabidamente influenciadooeesko e
ativacao do sistema imune.

Outro dado relevante encontrado foi a variagao de resultados quantdidada das
células de acordo com o tipo de método utilizado. A avaliacdo dedragieo por meio do
uso de algumas técnicas de apoptose e metabolismo permitiu vislumbrar um quaatigandic
de iminente processo de morte celular. As células apresentaegrnidade da membrana e

boa viabilidade por métodos colorimétricos, indicando estarem vivas, podandrdiveram
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baixa responsividade ao estimulo antigénico e consequentemente nmetepon ativacao,
demonstrando estar funcionalmente alteradas, o que péde ser entendido quatidoéa ao
potencial transmembranico da mitocondria destas células indicaram alto daromdrisic
Novos estudos ajudarédo a desvendar os mecanismos pelos quais acéeseantri
periodos criticos de desenvolvimento prejudica o equilibrio do sistema. iMeste sentido,
pesquisas podem ser realizadas a fim de testar a acdo de ralggiaslores quimicos na
funcdo destas células, buscando compreender como outros sistemaso®rgaomwo o
neuroenddcrino poderia melhorar ou potencializar os efeitos da desnu@gdendimento
aprofundado destes mecanismos podera, quem sabe, no futuro, permitir rgdwredes
efeitos deletérios da ma nutricdo no inicio da vida, quer sejanp@ de intervencao

medicamentosa, nutricional ou com mudancas dos habitos de vida.
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APENDICE A- Grafico da curva ponderal dos animais em estudo

600
500+
400+
C
o 3004
7]
]
o
2004
-8~ caseina 17%
-& caseina 8%
-+ DBR
1004
0-—7 T T T T T T T T T T T T T T
2 11 21 30 60 90 120 150 180 210 240 270 300 330 360

idade (dias)

Curva ponderal dos animais O grupo caseina 8% apresentou ganho ponderal similar ao
grupo caseina 17%, mesmo tendo recebido dieta hipoprotéica durantacdoa@ grupo
DBR, por sua vez apresentou ganho ponderal significativamente msdis queé 0 grupo
caseina 17% e também se comparado ao grupo caseina 8%. O grupo DRiRes&ETGu
recuperacdo ponderal apos a introducdo da dieta normal. * diferendfacaiga entre o
grupo DBR e o grupo controle com p<0.05 (two-way ANOVA seguido de féBami
posttests”). # diferenca significativa entre o grupo DBR e o geapeina 8%. com p<0.05
(two-way ANOVA seguido de "Bonferroni posttests”).
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ANEXO A

Universidade Federal de Pernambuce
Centro de Ciéncias da Saade
Departamento de Nuiricido
Av. Prof. Moraes Rego s/n - Cidade Universitiria - CEP: 30670-901 - Recife - PE

Fone: (81) 2126.847(/8471/8475Fax: (81) 2126.8473
chefianutricao@ufpe br

CARTA DE ANUENCIA

Declaramos para os devidos fins que concordamos em receber Queliane Gomes da
silva Carvalho, mestranda da PoOs-Graduacdo em Patologia da Universidade Federal de
Pernambuco, facultando-lhe o uso das instala¢tes, biotério e Sala de cultura e Multiusuaria do
Laboratério de Estudos em Nutrigdo e Instrumentagiio Biomédica (LENIB) do Departamento
de Nutricao da Universidade Federal de Pernambuco (DN/UFPE), para o desenvolvimento da
pesquisa intitulada: PROGRAMACAO NUTRICIONAL PELA DESNUTRICAO:
EFEITO SOBRE A FUNCAO DO MACROFAGO ATRAVES DA INVESTIGACAO
DA VIA SEROTONINERGICA, sob a orientagio da Prof* Dr* Wylla Tatiana Ferreira e

Silva.

Recife 7/ 2 de ,,%[“_ﬁiéj 5 de 2010.

/

T

i {re

e-mail:
CRM 6903




ANEXO B

Universidade Federal de Pernambuco
Centro de Ciéncias Biologicas

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

Recife, 25 de agosto de 2010.
Oficio n°® 309/2010

Da Comiss3o de Etica no uso de Animais (CEUA) da UFPE

Para: Wylla Tatiana Ferreira e Silva

Departamento: Nucleo de Nutrigdo — Centro Académico de Vitoria de Santo Ant&o
Universidade Federal de Pernambuco

Processo n°® 23076.031545/2010-60

Os membros da Comissdo de Etica no Uso de Animais do Centro de Ciéncias
Biolégicas da Universidade Federal de Pernambuco (CEUA-UFPE) avaliaram seu projeto de
pesquisa intitulado, “PROGRAMACAO NUTRICIONAL PELA DESNUTRICAO: EFEITO
SOBRE A FUNCAO DO MACROFAGO ATRAVES DA INVESTIGACAO DA VIA
SEROTONINERGICA.”

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

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

Diante do exposto, emitimos parecer favoravel aos protocolos experimentais a serem

realizados.

Observacéo: Atenciosamente,

Origem dos animais: Biotério de Experimentagdo do
Departamento de NutrigBo, Animais: Ratos, sexo: Machos; M

Presidenta do CEEA
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) N =
Idade: 180(cento e oitenta) dias; N° de Animais : 45(quarenta e W 9’“”’\.
cinco). Profa. Maria Tefesa Jansem

UFPE

CCB: Integrar para desenvolver
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ANEXO C

Universidade Federal de Pernambuco

e
173

= Centro de Ciéncias da Sadde

ii,a:)i Programa de Pés-Graduacio em Patologia
o Av. Prof. Moraes Rego s/n - Cidade Universitaria - CEP: 50670-901 - Recife — PE

m Prédio da Pds-graduacao do Centro de Ciéncias da Satide (CCS) - térreo

Fone/Fax: (81) 2126.8529
http://www. pgmap@ufpe.br http://www.pospat.ufpe.br

Recife, 09 de Novembro de 2010.

Ao: Responsavel pelo setor de Laboratério do Hospital das Clinicas 1IC-PE
Sr. Juliano Cazuzu.

A fim de viabilizar o projeto “PROGRAMACAO NUTRICIONAL PELA
DESNUTRICAO: EFEITO SOBRE A FUNCAO DO MACROFAGO ATRAVES DA
INVESTIGACAO DA VIA SEROTONINERGICA (Comité de Etica no uso de Animais,
CEUA-UFPE oficio n° 309/2010; processo n® 23076.031545/2010-60) da mestranda:
Queliane Gomes da Silva Carvalho, sob orientagdo da Dr®. Wylla Tatiana Ferreira e Silva,
solicita-se a realizag¢do da contagem de células total e a diferencial de leucécitos de amostras
de sangue.

Tais amostras serdo oriundas dos ratos submetidos ao protocolo de desnutri¢io na
lactagdo (caseina 8% e dieta bdsica regional) bem como de seu grupo controle, totalizando 45
amostras a serem processadas entre os meses de Novembro/2010 e Maio/2011.

Vale salientar que estas amostras serdo processadas com o auxilio de Danielly do
Régo Ageu de Lima, biomédica do referido setor.

Desde ja agradecemos a colaboragio.

Atenciosamente,

llo Tatiana Ferreira e Silva
© entro Académico te Vitona | UFPE

Proiessor
SIAPE: 3346571

S UFPE
Mestranda: %MM % P2 A o 5 En Lt y—

Ciente: P ftonto €M 07/”'/"0

Chefe do Laboratério:

Orientadora:
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ANEXO D - Submisséo do artigo original para a revista The Journal of Nutrition

N MaﬂUSUipt Submission Voltar para mensagens | § 4
2 The Journal of Nutrition Editorial Office  Adicionar a contatos 0645
Para (UELIANE GOMES da SILVA CARVALHO Responder v

De: The Journal of Nutrition Editorial Office (nsubmit@nutrition.org) @
Enviada: sexta-feira, 17 de fevereiro de 2012 08:46:40
Para:  QUELIANE GOMES da SILVA CARVALHO (nealique@hotmai com)

MS ID#: NUTRITION/2012/160010
M5 TITLE: IMMEDIATE POSTNATAL MALNWUTRITION CHANGES THE VIABILITY AND FUNCTION OF MACROPHAGE IN ADULT RAIS

Dear QUELIANE GOMES da SILVA CARVALHO:
This iz an automatic mes3age acknowledging your online aubmiszzion to JN,

Az 3 reminder, please note that research manuscripts submitted to The Journal of Nutrition are assessed a §75 submizsion
and handling fee, unleas the corresponding author iz a member of the American Society for Nutrition. The manuscript
submizaion fee iz not a3sessed on the following manuscript categories: Recent Advances in Nutritional Sciences (RANS),
Biographical Article, History of Nutrition, Commentary, invited American Society for Nutrition annual meeting symposia
manuscripts, approved supplement publication manuacripts, Letters to the Editor and Errata.

You may submit the fee electronically in the Manuscript Processing Syatem using the BenchyPress secure server. To do
thiz, go to the Author Area (hotp://submit.nutrition.org) and enter the Awaiting Submizzion Payment queue, For
information on how to aubmit & pavment by check or how to request a fes walver, please see The Journal of Nutrition
Inatructions for Authors, "Ruthor Feea" zection. Payment by credit card is encouraged to ensure expeditious processing of
your

manuscript,

Unless the manuacript is exempt from the fee or 3 walver is granted, manuscripts will not move forward in the review
process until payment is received.

Thank you for submitting your work to The Journal of Nutrition,

Sincerely,

The Journal of Nutrition Editorial Office



80

ANEXO E - Normas para publicagdo da revista The Journal of Nutrition

GUIDELINES, INCLUDING MANUSCRIPT WORD LIMIT - PLEASE READ
CAREFULLY

Manuscripts longer than 7500 words will be returned without review. Word @oclotles
the abstract, all text and the references (but excludes JablesJournalis limited in the
number of pages that can be published each year and article lerggtionsideration in the
editorial process.

Manuscript Preparation:

+ Prepare your manuscript in Word 6.0 or later, saving the file in theadodocx
format. Please consult the "Help" feature in Word for amst&® with fonts, line
numbering, etc.

+ Times, Times Roman, Courier, Helvetica and Arial are the recrded text fonts.
Please see section danuscript Digital Filegor information on figure fonts. For best
quality conversions of special characters and symbols, use the Symbol font.

+ Papers must be completely double-spaced.

+ Number lines continuously (not per page) beginning with the abstractoDaumber
lines of tables, figures, or literature citations.

+ Please refer to"Manuscript Digital Files" for information on electronic file
requirements.

+ Use only standardnits of measure (Sl - le Systeme Internationale d'Unites).

« Use only standardbbreviations.

« Use standard chemical and biochemical terms and follow A@henclature policy.

+ IncludeConflict of Interest and Funding Disclosdomtnotes.

« Manuscript submissions which are not formatted correctly arenegtuo authors. For
a list of the most frequent reasons manuscripts are returnedhrsgguplease see
Returns to Authors

« Sample Files are available to assist you in the preparation of the paper

1. The editorial checklistthat is completed for manuscripts being returned to
authors for revision or resubmission.
2. An example JN manuscripand
3. Several JNablesandfigureswith comments.
4.
Your Manuscript should include:

A) TITLE PAGE

B) ABSTRACT PAGE

C) INTRODUCTION

D) MATERIALS AND METHODS

E) RESULTS AND DISCUSSION

F) LITERATURE CITED

G) ACKNOWLEDGMENTS

H) STATEMENT OF AUTHORS' CONTRIBUTIONS TO MANUSCRIPT
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A) TITLE PAGE: The title page must include:

1. Atitle that is composed as a single declarative staterttestiould be focused

on the results presented in the manuscript. Please do not use aocolon

semicolon in the title. Keep the title as generally applicaslepossible. It
usually is not necessary to include the exact study locatiorspedfic study
name in the title, as this information can be included in the abstract.

2. The names of all authors (first name, middle initial, last nana)iding their
departmental and institutional addresses. Indicate which authcassareiated

with which institutions by numbered footnotes. Identify a corresponding author
and provide a mailing address, telephone number, fax number, and email

address.
3. A list of all authors' last names exactly as they should apjoeaPubMed
indexing. ASN will not replace files to correct author names once published.
The word count for the entire manuscript (title through refergnd&ee
http://jn.nutrition.org/site/misc/word_counts.ddf more information.)
The number of figures (to print, not OSM).
The number of tables (to print, not OSM).
Whether supplemental online material has been submitted.
A running title of 48 or fewer characters and spaces.
Footnotes to the title disclosing: (a) all sources of finarsigdport; (b) all
potential conflicts of interest; (c) the existence of online suppraterial, if
appropriate (see section @mline Supporting Material

10.
Conflict of Interest and Funding Disclosure:
Any existing financial arrangements between an author and a ogmese product
figures prominently in the submitted manuscript or between the aattgrany
company or organization sponsoring the research reported in the tegdomanuscript
should be brought to the attention of the Editor in the cover letterdbainganies the
manuscript submission. In addition, all authors must declare all safraasding for
research reported in their manuscript and report all potentialiasndif interest in
separate footnotes on the manuscript title page. If an author hasnficcts of
interest, the footnote should list the author's name, followed byctmdlicts of
interest”. For detailed guidelines on possible conflicts of interg=e theASN
Journals Conflict of Interest Guidelines
Individuals who are asked to review a manuscript should decline ticgadian if
they have a conflict of interest. Detailed guidelines on cosflaft interest for
reviewers can be found ABEN Journals Conflict of Interest Guidelines

B

©ooNOO

B) ABSTRACT PAGE:

The abstract must be a single unstructured paragraph of no mor@50amords
summarizing the relevant problem addressed by the study and ding dhdaypothesis
that guided the research. The abstract should include the studw/dethodology
and clear statements of the results, conclusions, and importance of the findings.

C) INTRODUCTION:
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Background to the research conducted and specific objectives shoultkdoly c
indicated. This should not be a comprehensive review of the literature, however.

D) MATERIALS AND METHODS:

Documentation of methods and materials used should be sufficient tat perm
replication of the research. State the source of specializetiats, diets, chemicals,
and instruments and other equipment, with model or catalog numbers, where
appropriate. Specify kits, analyzers, and commercial laboratoeels Gge references
for methods whenever possible and briefly explain any modifications made.
HUMAN AND ANIMAL RESEARCH Reports of human studies must lude a
statement that the protocol was approved by the appropriate institwtonaittee or
that it complied with the Helsinki Declaration as revised in 198BeNVpreparing
reports of randomized, clinical trials, authors should refer tolektist published in
the CONSORT Statement and should includeo@éne supporting materizd trial
profile summarizing participant flo¥2). Include in Methods the sizen)(of initial
(recruited, enrolled) and final groups. Research on animals shouldenglstatement
that the protocol was approved by the appropriate committee or eoimpiih the
Guide for the Care and Use of Laboratory Anim@)s Describe how animals were
killed. Describe control and experimental animals or participantsggage, weight,
sex, race, and for animals, breed or strain. Include the suppliexpefimental
animals.

DIETS Composition of control and experimental diets must be presented. Ve a
composition is published for the first time Tine Journal of Nutritionutilize a table

or a footnote to provide complete information on all components. If preyiousl
described inThe Journal of Nutritioror The American Journal of Clinical Nutritiom,
literature citation may be used. State specifically any nuadibns made to the
published diet compositions. The proximate composition of closed formula diet
should be given as amounts of protein, energy, fat, and fiber. Components ls@oul
expressed as g/kg diet. Vitamin and mineral mixture compossiomsld be included
usingJournal of Nutritionunits and nomenclature. For a discussion of the formulation
of purified animal diets, refer to Bak@t) and to a series of ASN publicatiofts8).
STATISTICAL METHODS
Describe all statistical tests utilized and indicate thebalility level P) at which
differences were considered significant. If data are presemtdte text, state what
they represent (e.g. means + SEM). Indicate whether da& twarsformed before
analysis. Specify any statistical computer programs used.

Present the results of the statistical analysis of dataeilbody of each table and on
figures per se. Use letters or symbols to indicate significant diffesedefine these in

a table footnote or the figure legend. Provide the appropriate istab$tvariability.

An estimate of the error variance (SD or SEM) of group meansdheudisplayed.
Standard ANOVA methodology assumes a homogeneous variance. If eranceds
tested and found to be heterogeneous, data should be transformed D&EIO/A for
nonparametric tests should be used. For a discussion of variabittyatens and
curve-fitting procedures, see BaKéi.

The number of significant digits presented for a variable shoula¢doeect and
consistent. Use no more than 3 significant digits (fewer, if ap@t@)ror justify the
need for greater precision. (e.g. For diets, 17.8% or 18% fat, not 17.7, /& falood
metabolite, 10.3 mmol/L not 10.257 mmol/L) Base the number on the precidioa of
analytical method and round accordingly.
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If non-significantP values are reported, use only 2 digits past the decimal (e.g.
P=0.15). Present significar®® values to a maximum of 4 decimal places (e.g.
P<0.0001); using fewer is acceptable. Present coefficients #xamam of 2 decimal
places (e.gr:=0.87,R?=0.16, etc.).

E) RESULTS AND DISCUSSION:

Report the results of the study in the RESULTS section; do naitraphodology or
the experimental design and do not include material that is morepaiape for the
INTRODUCTION or DISCUSSION. In the DISCUSSION, explain thgortance of
the findings, put this into the context of the existing literatunel, eearly state the
overall conclusions. Do not repeat or present results in this section.

F) LITERATURE CITED

The Journal of Nutritionreference format is consistent with theternational
Committee of Medical Journal Editors (ICMJE) recommended forrfaat
bibliographic citationswith the following exception: references should include the
names of all authors, unless there are more than ten, in whiclistaise first ten plus
"et al." The ICMJE states, "as an option, if a journal carc@stinuous pagination
throughout a volume (as many medical journals do) the month and issuermaybe
be omitted."The Journal of Nutritionfollows this optional style. If you are using
software such as EndNote or Reference Manager that inserts this atidigde@al, it
will be automatically deleted during production of accepted maipiscAbbreviate
journal names according to thWational Library of Medicine (NLM) journal
abbreviations list

References, including web citations, should be numbered consecutivey erder in
which they are first mentioned in the text. References cdethé first time in tables
or figure legends should be numbered in order, based on the placementablee
figure in text. Identify references in text, tables, and legémd#iustrations by Arabic
numbers in parentheses. See current print issuBseodournal of Nutrition for style
Authors may add a doi for papers that have a doi humber ("digitattolojentifier"
number unique to the publication) to references. It should be included inmehgedia
after the citation in Literature Cited.

An example is:

Bodnar LM, Krohn MA, Simhan HN. Maternal vitamin D deficiency isasated
with bacterial vaginosis in the first trimester of pregnadchiutr. 2009;139:1157-61.
doi:10.3945/jn.108.103168

Only published papers and accepted papers that are "in pregdfennacluded in the
Literature Cited section. "In press" papers must be submittedpgemental files in
PDF format at the time of manuscript submission. Personal comrtiangdrom
others and unpublished data of the authors, including submitted manustiioisl, s
appear parenthetically in the text. Include the full name anliaaéfn of the person
providing a personal communication.

There is no limit on the number of citations allowed; receetditire should be
comprehensively cited. The list of references must begin on gpage and should
include a recognized heading that is not set in all caps (use umbdovaer case
letters, as shown below). Note that there should be no line numbers mwtinath
the heading or throughout the section. Recognized headings include the following:
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References

Reference List

Literature Cited

References and further reading

Bibliography

. Literature

Reference Manager output style for Journal of Nutrition

OhrWNE

G) ACKNOWLEDGMENTS

Technical assistance and advice may be acknowledged in a ssctimend of the
text. Only named individuals should be included in this section. Authors are
responsible for obtaining written permission from everyone providing sopair
communication or acknowledged by name in the manuscript and for prowdihg
Editor a copy of the permission, if requested.

H) STATEMENT OF AUTHORS' CONTRIBUTIONS TO MANUSCRIPT

Authors must indicate their contribution(s) to the manuscript in th@dwledgments
section. Use the descriptors listed below unless the author pedanfunction that
clearly is not covered by one of these. While not all manusconptsnecessarily
include all descriptors, all manuscripts, including reviews, must atelievho is
responsible for design, writing, and final content.
1. designed research (project conception, development of overall reseanch pl

and study oversight).
2. conducted research (hands-on conduct of the experiments and data collection).
3. provided essential reagents, or provided essential materials (ajopaathors
who contributed by providing animals, constructs, databases, etc., mgcessa
for the research).
analyzed data, or, performed statistical analysis.
wrote paper (only authors who made a major contribution).
had primary responsibility for final content.
other (use only if categories above are not applicable; describe briefly).
All authors have read and approved the final manuscript. Foresanghored
research papers and reviews, please state: The sole authaspadsibility
for all parts of the manuscript.
Please do not include "obtained funding” (the initials of authors whovestgrants
may be included in the footnote on the title page regarding Support).
An example is:
A. X, R. F. G,,and P. G. Y. designed research; R.F. G. and Q. C. condseactie
P. T. analyzed data; A. X., P. G. Y. and Q. C. wrote the paper. P. l@adYprimary
responsibility for final content. All authors read and approved the final m@pitisc
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UNITS OF MEASURE

Most measurements must conformléoSysteme Internationale d'UnitéSl) (9). The metric
system and the Celsius scale (°C) must be used. Concentrationd bhRoekpressed on a
molar basis. Except for diet composition, convert to substance cateamte.g., mol/L. The
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denominator should be L. Do not uge mM, N, etc. Use one of three acceptable options to
express measurements. (a) Use Sl units exclusively. (b) UseaitS and, if appropriate,
provide conventional units parenthetically in the text and give cemrefactors in table
footnotes and figure legends. (c) Use conventional units, if appropnatgyravide Sl units
parenthetically in the text and give conversion factors in table fastraotd figure legends.
Units should not be pluralized.

Useful websites are:
« Sl conversionsittp://www.onlineconversion.com/
« Sl conversionittp://en.wikipedia.org/wiki/Conversion_of units
« Clinical SI conversionshttp://www.unc.edu/~rowlett/units/scales/clinical _data.html
« Clinical Sl conversionsattp://dwjay.tripod.com/conversion.html

ABBREVIATIONS

Use standard abbreviationsThe Journal of Nutritiorwithout definition. An abridged list is
in Table 2 Other common standard abbreviations are listed in Scientific Style amettby.

If three or more nonstandard (author-defined) abbreviations areirusiee text, prepare an
abbreviation footnote rather than defining them in the text. The footnoteddb®ualssociated
with the first abbreviated term in the text and should be an alpbadbdisting of all author-
defined abbreviations and their definitions. Define all group designapiarenthetically at
first mention [for example, "control (CON) and high-fat (HFpwgps"] but also include
definitions for these abbreviations in the abbreviation footnote. |étaer fewer than three
abbreviations used in the text, each abbreviation should be defined irttaeftest mention.
Any abbreviation used in the abstract should be defined in the abstract at fitisihme

All nonstandard abbreviations, including group designations, used in aotakdéle title,
must be defined alphabetically in a footnote to the table titlelffootnote to the table title
contains multiple items, the definitions of the abbreviations should daghgem. If a table
contains only one abbreviated term in the body of the table, theragatefootnote placed
after that abbreviation should be used to define that term. Symilall nonstandard
abbreviations, including group designations, used in a figure or figgeademust be defined
alphabetically at the end of the figure legend.

Abbreviations should not be followed by a period and should not be plurabzgdAA
represents both "amino acid" and "amino acids"). Use the verbigé.gr" "are") that is
consistent with the context in which the abbreviation is used in theers®. Units and
statistical terms also should not be followed by a period or |@ada Use the standard
abbreviations for Sl prefixes found in Youf®) and inTable 3and those for units of measure
in Table 4

Full gene names are not required for tables and figures in wiidatabase identifier number
is given, and the standard gene symbols should not be included in the npdsuscr
abbreviation footnote. A full citation to the database used should beeratute Cited and
the sequential reference number to the citation provided in thefigpxte legend, or table
footnote. If the genes are listed in online supporting mater@MGsupplemental tables and
figures), the citation can be given as a table footnote or in gloeefilegend [e.g. National
Center for Biotechnology Information (NCBI) Entrez Gene
(http://www.ncbi.nlm.nih.gov/sites/entrez?db=ggne or Unigene
(http://www.ncbi.nlm.nih.gov/unigeng
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Abbreviate mouse and rat genes using uppercase (first letteipaercasetalicized letters
(e.g.,Ifng for interferon-gamma, anling-/- for the knockout). Abbreviate the protein in all
caps, nonitalicized, e.g., IEN

Abbreviate human genes using all upperataeized letters, e.g.RBP4for retinol-binding
protein. Abbreviate the protein in all caps, nonitalicized, e.g., RBP4.

For the genes of other mammalian species (pig, etc.), follow the rdamvdor abbreviating
human gene and protein names.

If it is necessary to use a nonconventional abbreviation, please dafinthe manuscript's
abbreviation footnote and in table footnotes and figure legends

For genes that are discussed in some detail in the text wiahescript, please include a brief
word description in parentheses the first time that the gene is mentionedhtsfis in case
readers are unfamiliar with the gene and to avoid ambiguity; xample CYP3A4
(cytochrome P450 3A4).

NOMENCLATURE

Chemical and biochemical terms and abbreviations and identificafioenzymes must
conform to the recommended usage of the International Union of Biochemistry armildole
Biology (10). Names for vitamins, related compounds, and abbreviations for am® ac
should follow the ASN nomenclature poli¢il,12)



