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“H& tempo de nascer, e tempo de morrer; tempo de plantar, e tempo dearmgae se
plantou;

Tempo de matar, e tempo de curar; tempo de derrubar, e tempo de edificar;

Tempo de chorar, e tempo de rir; tempo de prantear, e tempo de dancar;

Tempo de espalhar pedras, e tempo de ajuntar pedras; tempo de abracar, e tempo de
afastar-se de abracar;

Tempo de buscar, e tempo de perder; tempo de guardar, e tempo de lancar fora;

Tempo de rasgar, e tempo de coser; tempo de estar calado, e tempo de falar;

Tempo de amar, e tempo de odiar; tempo de guerra, e tempo de paz.

Que proveito tem o trabalhador naquilo em que trabalha?

Tenho visto o trabalho que Deus deu aos filhos dos homens, para com ele os exercitar.
Tudo fez formoso em seu tempo; também pds o mundo no coracao do homem, sem que este
possa descobrir a obra que Deus fez desde o principio até ao fim.

Ja tenho entendido que ndo ha coisa melhor para eles do que alegrar-se e fazer bem na sua
vida,;

E também que todo o homem coma e beba, e goze do bem de todo o seu trabalho; isto € um
dom de Deus.

Eu sei que tudo quanto Deus faz duraré eternamente; nada se lhe deve acrescentar, e nada
se Ihe deve tirar; e isto faz Deus para que haja temor diante dele.

O que &, ja foi; e 0 que ha de ser, também ja foi; e Deus pede conta do que passou.

Vi mais debaixo do sol que no lugar do juizo havia impiedade, e no lugar da justica havia
iniquidade.

Eu disse no meu coracédo: Deus julgara o justo e o impio; porque ha um tempo para todo o
propdsito e para toda a obra.

Disse eu no meu coracao, quanto a condi¢cdo dos filhos dos homens, que Deus os provaria,
para que assim pudessem ver que S80 em Si mesmos Como 0S animais.

Porque o que sucede aos filhos dos homens, isso mesmo também sucede aos animais, e lhes
sucede a mesma coisa; como morre um, assim morre o outro; e todos tém o mesmo fblego,
e a vantagem dos homens sobre 0s animais ndo é nenhuma, porque todos séo vaidade.
Todos véao para um lugar; todos foram feitos do p6, e todos voltardo ao po.

Quem sabe que o félego do homem vai para cima, e que o félego dos animais vai para
baixo da terra?

Assim gue tenho visto que néo ha coisa melhor do que alegrar-se o homem nas suas obras,
porque essa é a sua por¢ao; pois quem o fara voltar para ver o que sera depois dele?”
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Resumo

Existem periodos criticos do desenvolvimento do sistema nervoso qwelsédveis a
agressdes do ambiente. Nessa fase da vida em mamiferos, actartézmEm o
desenvolvimento do trato gastrintestinal, ressaltam-se suas esrogurais responsaveis
pelo controle motor do sistema digestério. Durante essas etafiagjl@s precoces ou
insultos podem resultar em mudancas persistentes na estrutura@ dongrganismo. Esse
fenbmeno, conhecido como programacdo, pode ser responsavel pelo estahtdedin
doencas na vida adulta. O objetivo do presente estudo foi investigar dseigoss
repercussbes da desnutricdo e/ou da inibicdo neonatal da recaptagéiotol@nga no
desenvolvimento estrutural neuromuscular do esdéfago em ratos. A anwwistiu de 97
ratos machos da linhagem Wistar. Os animais foram divididos emgdg®es: nutrido
(n=39) e desnutrido (n=58). A manipulacdo farmacologica com inibidatiselde
recaptacdo de serotonina foi realizada durante o periodo de ladds;aaimais de cada
grupo foram divididos em dois subgrupoStratados com soro fisiolégico (NS, n=21; DS,
n=38); 2, com sertralina (10 mg/Kg pc, s.c.) (NSert, n=18; DSert, n=20). Riataada
subgrupo foram pesados e sacrificados para retirada de esOfaugiegor analise dos
parametros macroscopicos e miscroscopicos aos 22 ou 90 dias de idadfago de cada
animal era removido e medido o comprimento total; em seguida, divididtigseiccdo em
duas porcdes de igual comprimento. Apos afericdo do peso da por¢cdo prerimsda era
entdo utiliza, fixada, desidratada e seccionada para coloragéalnheinte, foi utilizada a
Hematoxilina/Eosina para localizacdo dos neurbnios do plexo miaenté&in seguida,
para confirmacéo e eventuais medidas, foi empregado o método dgnaygde neuronal
por nitrato de prata. A desnutricdo e/ou a acado neonatal daisarfparecem ter sido
responséaveis pela reducdo do peso corporal na fase de lactacdo. Nasddesiauve
reducdo ponderal que persistiu mesmo ap6s o periodo de recuperacdonalitrigi
restricdo protéica precoce e o uso neonatal de sertralimanivienpactos relevantes no
tamanho e no peso do esb6fago nos animais com 22 dias de vida. A ngdioipuiaicional
gerou mudancas persistentes, em ambas as idade estudadas, ea@nearimetro das
fiboras musculares longitudinais. Ambos o0s insultos (nutricional ou faidgico)
ocasionaram diminuigdo do numero de neurdnios mioentéricos. No entante&fesssso
foram observados nos animais desnutridos fad22de idade. Curiosamente, nos animais
tratados com sertralina houve diminuicdo de neur6nios, somente’atiadde idade.
Quanto a relacdo entre o nimero de neurdnios do plexo mioentériéoea das células
musculares longitudinais, os animais desnutridos apresentaram nogiorgaio a curto e a
longo prazo. Enquanto que na relagédo entre o nimero de neurdnios e o perisnigtrasia
os efeitos dieta e droga demonstraram, respectivamente, enaenor proporcdes a longo
prazo. A desnutricdo e o uso de inibidor seletivo de recaptacdo dengeoparecem
programar alteracbes neuromusculares na morfologia do esbéfags &lssarvacdes
indicam que as mudancas estruturais associadas com a progragstii relacionadas a
funcao regulatéria da serotonina no desenvolvimento neuromotor do trato gastrintestinal

Palavras-chave: desnutricdo; serotonina; sertralina; fibrasutawss; plexo mioentérico;
esoOfago.



Abstract

There are critical periods of development of the nervous sydtaimate vulnerable to
environmental insults. At that stage of life in mammals, is d®e development of the
gastrointestinal tract, stress is neural structures redgensor motor control of the
digestive system. During these stages, stimuli or insulty @aay result in persistent
changes in the structure and function of the body. This phenomenon, known as
programming, may be responsible for the establishment of diseasgulthced. The
purpose of this study was to investigate the possible effectalatitrition and/or neonatal
inhibition of serotonin reuptake in neuromuscular structural development ektphagus

in rats. The sample consisted of 97 male rats of Wistar strhm.animals were divided
into two groups: nourished (n=39) and malnourished (n=58). The pharmacological
manipulation with serotonin selective reuptake inhibitor was perfordoeahg the period

of lactation. The animals of each group were divided into two subgratigseated with
saline (NS, n=21, DS, n=38)"Rwith sertraline (10 mg / kg bw, sc) (NSert, n=18; DSert,
n=20). Rats of each group were weighed and sacrificed for remota¢ @fsophagus and
subsequent analysis of the macroscopic and microscopic parameB<ta0 days of
age. The esophagus of each animal was removed and measured lthengbia then
divided by dissection into two portions of equal length. After measuhagveight of the
proximal portion, but that was then used, fixed, dehydrated and settionetaining.
Initially, we used the Hematoxylin/Eosin for location of neurons inntlyenteric plexus.
Then, for confirmation and possible measures, was used the method of heurona
impregnation by silver nitrate. Malnutrition and/or the action afnagal sertraline appear

to have been responsible for reducing body weight during the lactatiomalhourished,
decreased weight that persisted even after the period of onatitrecovery. The early
protein restriction and the neonatal use of sertraline had relewpatts on the size and
weight of the esophagus in animals with 22 days of life. Thation&l manipulation
caused persistent changes in both age studied in the area amperitneter of the
longitudinal muscle fibers. Both insults (nutritional or pharmacoldgaused decrease in
the number of myenteric neurons. However, these effects were abdgrved in
malnourished animals in the ’fZ}Iay of age. Interestingly, animals treated with sertraline
decrease of neurons, only the™@fay of age. Concerning the relationship between the
number of neurons in the myenteric plexus and longitudinal musclecfdt® area, the
malnourished animals showed a higher proportion of short and long term. While
relationship between the number of neurons and the perimeter of the fiber, the dietgand dr
effects demonstrated, respectively, higher and lower proportionshenldng term.
Malnutrition and the use of serotonin selective reuptake inhibitor gémmneuromuscular
changes in the morphology of the esophagus. These observations irdit #te tstructural
changes associated with the programming are related to thiatoeg role of serotonin in

the neuromotor development of the gastrointestinal tract.

Keywords: malnutrition; serotonin, sertraline, muscle fibers; myentenwplesophagus.
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1. Introducéo

1.1. Apresentacao

H& um dos periodos criticos do desenvolvimento do Sistema NervosddSatp
que corresponde as trés primeiras semanas de vida pdés-natal (periaiitaseento).
Nessa fase, ocorre a evolucdo dos componentes neurais respondavemtpele motor
do sistema digestério, assim como das estruturas pertencentestcagadstrintestinal.
Durante esses estagios criticos, o SN fica mais propensoiasrgarbientais em razdo dos
processos implicados no seu desenvolvimento ocorrerem com muita rapidez.

Insultos em idades precoces do desenvolvimento a exemplo da desreitdgdo
manipulacdo farmacol6gica com Inibidores Seletivos da Recaptac@eratenina (ISRS)
parecem aumentar os niveis de serotonina (5-HT) no cérebro. Agaidde exercer papel
programador em diferentes sistemas do organismo. Estudos expesmangarem a
participacdo do sistema serotoninérgico na regulacdo do comportaaiemémtar e do
peso corporal, além do controle das fungcBes sensoério-motoras gatitrais. A restricao
protéica e a manipulacdo farmacolégica do sistema serotomméngi periodos criticos do
desenvolvimento parecem suscitar mudancas persistentes nas asteutiuncdes do
organismo. A desnutricdo e a administracdo de ISRS no periodo denalgdacausam
retardo do crescimento somatico com déficit de crescimento cqrgbnaihuicdo das
medidas craniais e reducdo do peso e das medidas do encéfailmisadatraso na
maturacdo de reflexos. Essas agressbes parecem também cafdesenvolvimento
morfolégico e fisiolégico da musculatura lisa e dos plexos gamages do trato

gastrintestinal.
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Uma diversidade de estudos trata das manipulagdes nutricionaisnacdédgicas
de neurotransmissores em fases criticas da vida (em espego@iodo de aleitamento),
onde acontece o desenvolvimento de muitas estruturas do organismo, irethaso@ndo
questdes concernentes ao trato gastrintestinal. H4, portanto, um graesse de
discernir o papel da nutricio e de neurotransmissores, como a serotowina
desenvolvimento de estruturas nervosas e musculares que regulamoadiirsistemas, a
exemplo do digestorio.

S&o ainda pouco claros os efeitos precoces e tardios da désnetdg do aumento
induzido de serotonina no desenvolvimento neuromuscular do trato gastrintestmnal
particular do eséfago. Esse 6rgédo é extremamente importargeoesso da degluticao.
Essa funcdo é sempre alvo de alteracdes em uma série importantemighdisha primeira
infancia, e de doencas neurodegeneratikisn disso, é importante a relagdo dos insultos
nutricionais e/ou farmacolégicos, incidentes no periodo neonatal do desemvbyitom
a programacao, sobretudo aqueles que podem atingir a morfogénese newleymus
esofagiana. E por fim, mas ndo menos importante, o papel de contsgmttmina nesses
eventos relacionados ao desenvolvimento. Diante desses eixos que fundaroentam
interesse cientifico, o objetivo geral da presente dissertémidestudar as eventuais
repercussfes da manipulacdo neonatal do sistema serotoninérgico, inmuzidaio da
desnutricdo e/ou da administracéo de inibidores seletivos da recaptacdo de sesatoréna
a maturacdo neuromotora do eséfago em ratos. A principio, a perguotediecdo da
pesquisa foi: Seria a manipulacdo do sistema serotoninérgico, durapé&iodo de
lactacdo, causa de alteracfes precoces e tardias no desenvolwiradatégico das fibras
musculares lisas e da populacdo neuronal do plexo mioentérico noo@siagsos

resultados, como podera ser verificado nesse trabalho nos derama®gpogs trouxeram
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outras questBes. Esse conjunto de evidéncias e hipGteses provenientes do labor
experimental permitiu a elaboracdo de um artigo de revisaajlawlit “Repercussdes da
desnutricdo e/ou da inibicAo neonatal da recaptacdo de serotonina no aesentol
neuromuscular do trato gastrintestinal: revisdo da literatgpag, foi submetido a revista
Neurobiologia (ANEXO A); e um artigo original intitulado “Do serotonergic system
manipulation program changes in the neuromuscular development of the es@phagus

qual foi submetido a revista indexadeutonomic Neuroscience: Basic and Clinical
(ANEXO B).

Para testar as hipGteses dessa pesquisa, foram utilizadodosn&imples, mas
elucidativos, de processamento histolégico de rotina, como a coloragio
Hematoxilina/Eosina para localizacdo dos neurdnios do plexo miaentBrin seguida, a
fim de confirmar e evidenciar os mencionados neurdnios, foi realizad@todo de
impregnacdo por nitrato de prata. Os métodos empregados pemmitivaliar a
morfometria das fibras musculares longitudinais e da populagdo newtonglexo

mioentérico do esbdfago.
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1.2.0Dbjetivos:

1.2.1.0bjetivo Geral:

Estudar, em ratos, as eventuais repercussdes da manipulacdo néorsasééma
serotoninérgico, induzida por meio da desnutricdo e/ou da inibicdo dptagia de

serotonina, sobre a maturagcado neuromotora do esofago.

1.2.2.0bjetivos Especificos:

Avaliar, durante o periodo de aleitamento (do 1° ao 21° dias de vida pj<sraal
30, 40, 50, 60, 70, 80 e 90 dias de idade, a curva de peso corporal,

Analisar aos 22 ou 90 diapdst morteh os parametros macroscopicos (tamanho e
peso) e microscopicos (area e perimetro das fibras muscwagutiinais e nimero total

de neurdnios do plexo mioentérico) da por¢céo superior do es6fago.

1.3.Hipoteses:

A manipulacdo neonatal do sistema serotoninérgico, durante o pemitido do
desenvolvimento cerebral, causa:

Reducéao, a curto e a longo prazo, do tamanho e do peso da porg¢éo proximal do es6fago;

Diminuicdo, precoce e tardia, da area e do perimetro das fibrescutares
longitudinais;

Reducao, a curto e a longo prazo, do numero total de neurénios dos plexos mioentéricos

do eséfago.
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1.4.Revisao da Literatura

Artigo de Revisdo (Anexo 1)

Repercussdes da desnutricdo e/ou da inibicdo neonatal da recaptacéo de seratonb
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Effects of malnutrition and/or neonatal inhibition of serotonin reuptake in neuromuscular

development of the gastrointestinal tract: review of literature

Kelli Nogueira Ferraz Pereira — Mestranda do Programa de Pés-graduacdo em
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Resumo

Ha periodos criticos do desenvolvimento do sistema nervoso mais vulneramsidtos
ambientais pelo fato dos eventos sucederem com muita rapidez. fdsssda vida,
acontece também o desenvolvimento do trato gastrintestinal, salisetaoas estruturas
neurais responsaveis pelo controle motor do sistema digestorio. @egeambientais
precoces incidindo nos periodos criticos podem acarretar efeitos neertes sobre
estruturas e fungbes de sistemas organicos com repercussdo maultdaNo presente
estudo, foi investigado, por meio da revisdo da literatura, as possipeicussdes da
desnutricdo e/ou da inibicdo da recaptacdo de serotonina no desenvolvimento
neuromuscular do trato gastrintestinal. Uma busca sisteméatidanatura foi realizada no

més de outubro de 2008, nas bases de dados eletrbnicas Pubmed e (SciEhtfic
Electronic Library Online), assim como no banco de teses da (agtaesbusca priorizou
estudos do ano de 1962 a 2008. Com base nos dados da literatura, sugerease que
desnutricdo e/ou o aumento da disponibilidade de serotonina, por meio do bloqueio da
recaptacdo do mencionado neurotransmissor, durante o perido criticoedtasigrvoso,
promovem alteracfes histoldgicas no desenvolvimento das estruturasmasculares do

trato gastrintestinal. Esses achados indicam que as mudancdslogicas estdo
relacionadas a funcéo regulatéria da serotonina no controle motor do sistent@idigest

Palavras-chave: desnutricdo; serotonina; fibras musculares; phésaentérico; trato
gastrintestinal.

Abstract

There are critical periods of development of the nervous systeme vulnerable to
environmental insults because of the events was very fast. Asttgs of life, is also the
development of the gastrointestinal tract, highlight those neural wtesctesponsible for
motor control of the digestive system. Environmental insults focusmgearly critical
periods may have permanent effects on structure and function of eygsems with
repercussions in adulthood. In this study, was investigated by meéiteyaifire review,
the possible effects of malnutrition and/or inhibiting the reuptake evbt@nin on
neuromuscular development of the gastrointestinal tract. A sySteliterature search was
conducted in October 2008, in the electronic databases Pubmed and S&&eftific
Electronic Library Online) and in the bank views the Capes. Thiskdocused studies of
the year 1962 to 2008. Based on data from the literature, it is sedgbst malnutrition
and/or increase the availability of serotonin, by blocking the r&aptaf the
neurotransmitter mentioned, during the critical period of developmenhefnervous
system, promote histological changes in the neuromuscular strucfuhesgastrointestinal
tract. These findings indicate that the morphological changesekated to the regulatory
role of serotonin in the digestive system of motor control.

Keywords: malnutrition; serotonin; muscle fibers; myenteric plexus,@aststinal tract.
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Introducao

Existem periodos criticos do desenvolvimento do sistema nervoso quenoaorr
evolucdo dos componentes neurais responsaveis pelo controle motor do digéstdaid,
assim como das estruturas pertencentes ao trato gastrintestid? Durante esses
estagios criticos, o SN fica mais propenso a injlrias ambiestaisazdo dos processos
implicados no seu desenvolvimento ocorrerem com muita rapidtez

Insultos a exemplo da desnutricdo perifa®lda manipulacdo farmacolégica com
Inibidores Seletivos de Recaptacéo de Serotonina (BRSp0 capazes de aumentar os
niveis de serotonina na fenda sinaptica. A serotonina atua na regitacémportamento

alimentar e no peso corporaf>®*%

além de controlar as fungbes sensoério-motoras
gastrintestinais. A restricdo protéica e a manipulacdo farmacolégica do sistem
serotoninérgico na vida precoce parecem gerar mudancas permamastestruturas e
funcdes do organismd’**** Essas agressées parecem afetar também o desenvolvimento
morfolégico e fisiolégico da musculatura lisa e dos plexos gamages do trato
gastrintestingl®2:374°

Uma variedade de estudos trata das manipulacfes nutricionaisyacdldgicas de
neurotransmissores em etapas criticas da vida, onde acontesengal@mento de muitas
estruturas do organismo, inclusive expondo questbes concernentes ao trato
gastrintestindl®?%3"*662Ha portanto, um grande interesse de discernir o papel da nutricdo
e de neurotransmissores, como a serotonina, no desenvolvimento de sshertwosas e
musculares que regulam a funcéo de sistemas, a exemplo do digestorio.

S&o ainda pouco claros os efeitos precoces e tardios da manipulagitenha
serotoninérgico, por meio da desnutricdo e da inibicdo neonatal qdagi®a da referida

7

bioamina, no desenvolvimento neuromuscular do trato gastrintestinal. digso, é
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importante a relacdo dos insultos nutricionais incidentes no periodoataé do
desenvolvimento com a programacgao. E por fim, mas ndo menos importanps! alea
controle da serotonina nesses eventos sobretudo relacionados ao desentolviDiante
desses eixos, 0 objetivo do presente artigo foi investigar, por megvidao da literatura,
as eventuais repercussdes da desnutricdo e/ou da manipulacéo fagitaabddsistema
serotoninérgica, ocorridas no periodo critico do desenvolvimento ceredofale a

maturacdo muscular e neuronal do trato gastrintestinal em ratos.

Desenvolvimento neuromuscular do trato gastrintestinal e programacao

No rato, o periodo critico do desenvolvimento do sistema nervoso inicia na
embriogénese até o desmame (cerca de 21 dias de vida pds:-ridéas§e momento, o SN
€ mais vulneravel as agressdes do ambiente porque as etapasdasplito seu
desenvolvimento ocorrem com muita rapifez

Em humanos, os periodos pré e pés-natal sdo criticos também para o
desenvolvimento do trato gastrintestinal, iniciado na embriogénese leafiita nos
primeiros dois a quatro anos de vida pds-Aataf*®! A funcdo do esdfago comeca por
volta do 4° més de gestacdo, por meio da ingestdo de fluido amiftiéBepois do
nascimento, as caracteristicas anatdmicas e fisioldgicasceoma se diferenciar® Com
um més de idade, a velocidade das ondas peristalticas e a prest&ipapa mudam
ligeiramenté&?, acrescido pela maturacdo do controle motor e da funcao esfinttérica

Durante esse periodo, danos na musculatura lisa esofagiana contpiausem
mudancas na funcdo motora do esdtag&m razdo disso, pode-se concluir que as
caracteristicas ativas do esoéfago (distensao longitudinaunfarencial) dependem da sua

morfologia e das suas propriedades passivas (comprimento circurdérerierno e
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externo, espessura e area das camadas mucosa e mtlscAtigjnais, também s&o
influenciadas pelo desenvolvimento do SNE que possui sua fase de mammento e
desenvolvimento nessa etapa da ¥ida

Estudos epidemiolégicos e em animais tém mostrado consequéneiEsiakina
vida adulta como resultado de agressdes ambientais durante os pexiakloebdnatal ou
infancig®*%°%°’ Essas alteracdes incidindo em periodo critico do desenvolvimento podem
assim ter efeitos permanentes na estrutura e na funcéo dos"b@amscanismo associado
com esses eventos é chamado de prograrffacdo

A fim de explicar os processos intrinsecos a programacao s Vaipéteses de
trabalho e estudos foram elabor&d3%°* destacando-se a hip6tese do fenétipo protetor de
Hales, Baker (1993, Segundo esses autores, uma condicdo nutricional pobre na vida
precoce programa um fendtipo na vida adulta, de maneira que é hguaaficsobreviver
sobre condi¢des nutricionais pobres, em contrapartida, € prejudiga@ido a nutricdo €
abundant®. Trés décadas anteriormente Neel (1¥68pfendia a hipétese do genétipo
protetor, e sugeria ocorrer mudancas genéticas benignas pamvigiicia sobre
condi¢cdes de fome. No entanto, no caso de situacao nutricional favexssas, mudancas
genéticas se tornam maléfithReforcando as idéias de Hales e B&fkem 2005, Lee et
al*® sugeriram um mecanismo epigenético, conhecido como imprinting genopaia
explicar o efeito a longo-prazo da desnutricdo precoce.

Insultos incidentes nas fases criticas da vida, como a desawgrgg@dministracao
de inibidores seletivos da recaptacdo de serotonina (ISRS), podem aledanos
permanentes na morfologia e fisiologia dos 6rgdos e tecidostmsi nervoso centfal
4043440 do sistema nervoso entént® Tais repercussées no SNE sdo capazes de

comprometer o funcionamento das estruturas pertencentes ao trsttntestinal,
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interferindo no transporte do bolo alimentar ou liquidos, essenciais nanis@o de

absorcéo e digestdo de nutriehtes

Desnutricdo e/ou inibicdo neonatal da recaptacdo de serotonina: percussées no
desenvolvimento neuromuscular do sistema digestorio

Nas etapas criticas do desenvolvimento do sistema nervoso, amatidgidcomo
importante fator de programacdo ambiefitatom capacidade de gerar conseqiiéncias
significativas na vida aduffa Portanto, a desnutricdo perinatal acarreta retardo no
desenvolvimento cranio-facial e induz atrofia muscflahdemais, no sistema muscular, a
desnutricdo neonatal danifica irreversivelmente a estrutura Gsculd e reduz a
multiplicacdo celular, diminuindo o ndmero das fibras e dos nudcleos ratessubos
descendentés®® Sao verificadas também mudancas nas proporcées dos tipos de fibras
musculares apds desnutricdo pre€dc®or conseguinte, as propriedades biomecanicas
contrateis e elasticas musculares sdo comprom&tidas

No sistema digestorio, a escassez de proteina nos periodus até vida ocasiona
um atraso no desenvolvimento dos tecidos e neurdnios mioentéricos devaiss %>’
No entanto, as caracteristicas morfolégicas e morfométricasndosdnios entéricos
restabelecem-se ap6s a recuperacdo nutriditifdl*® Esses possiveis efeitos da
desnutricdo protéica nas estruturas neurais do plexo mioentéricods@ativos de que o
controle motor da motilidade gastrintestinal sera afetado de formaveéyat

A desnutricdo durante os periodos pré e poés-natal afeta sistemas de
neurotransmissores, dentre eles o sistema serotonirférddemlos experimentais mostram
gue a desnutricdo pos-natal promove aumento nas concentracdes de semotocgiedro

do rat@®. Essas repercussdes causadas pela desnutricdo podem se @steroegos
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periodos mesmo apés a recuperacéo nutricibnal

Substancias conhecidas como Inibidoras Seletivas da Recaptagc&otimniBa
(ISRS agem como blogueadoras da inativacdo da serotonina, o que se da no ambito da
molécula transportadora de 5-HT (SERT)A inibicdo do SERT gera o aumento da
concentracao sinaptica da serotonina, permitindo uma maior disponibilidada lgacao
desse neurotransmissor com 0s seus receptoBEssa forma, o uso de ISRS pode causar
efeitos no funcionamento do cérebire do trato gastrintestirfai’* devido a modificacdes
na funcéo dos receptores 5-HT

A administracdo crénica dos ISRS no inicio da vida ocasionadagt@nto da
ontogénese somatica do crescimento, bem como atraso na natleagiguns reflexdd
Além disso, podem provocar déficit de crescimento corporal, diminuilgd medidas
craniais e reducéo do peso e das medidas do encéfalo, na fase pés-nataf &th ratos

A manipulacdo do sistema serotoninérgico por meio dos Inibidoresveslela
recaptacdo de serotonina, no periodo neonatal, interfere no desenvolvirogotogito e
fisioldgico do esdfadl, assim como ocasiona reducdo no nimero de neurdnios e menor
tamanho das células nervosas mioentéricas no segmento do intestewo ddigtal, ao
desmame e na adolescéfiti&feitos gastrintestinais sdo verificados em cerca d8®a
dos pacientes tratados com fluoxetih@&Essas repercussdes se justificam pelo acimulo
enddgeno de 5-HT aos receptores localizados no TGI, gerando mudancas no funcionamento
dos presentes receptotesEstudos mostram que os ISRS possuem a capacidade de

antagonizar os receptores 5-H® que pode interferir na motilidade gastrintestftsl

21



Papel da serotonina no trato gastrintestinal

A atividade neuromuscular do trato gastrintestinal requer o desemeoiio
coordenado dos neurénios entéricos e células da glia, das camadataresdisa e das
células intersticiais de cafal Os nervos do sistema nervoso entérico (SNE) efetuam o
controle motor das fibras musculares lisas do sistema dig&&tdioalquer interferéncia
nesse mecanismo neuromuscular pode afetar o processo de transpmte diomentar,
que é imprescindivel para a sobrevivéncia e o crescimento dos mahiferos

O SNE corresponde a uma rede neuronal complexa, que exercmflodacia na
homeostase, agindo, dessa forma, no controle da tonicidade dos vasos sadguiimeos
digestério; na motilidade e no transporte de liquidos; e na secreg@@ldias enddcrinas
intrinseca?. O referido sistema é formado por plexos ganglionares q@stsadem do
esfincter esofagico superior ao esfincter anal infér@s plexos ganglionares do SNE,
plexos mioentérico e submucoso, contém componentes neurais reflexoénigseur
sensoriais, interneurdnios e neurbnios motores), responsaveis pelo cdotrsistema
motor gastrintestind}®*® O plexo mioentérico (Auerbach) é uma rede neuronal disposta
entre as camadas musculares longitudinal e circular do tatdrgestina’. Sua funcéo
primordial € a iniciacdo e o controle dos movimentos peristalticealjzados pela
contracdo das fibras musculares lisas do sistema dig8tdEinquanto que o plexo
submucoso (Meissner) € encontrado na submucosa, entre a camada rfisaatitaular e
a mucosa, atuando na coordenacédo dos reflexos de secrecdo e absorcémnbeno
controle motor da musculatura [88°

Como no sistema nervoso central, diversos neurotransmissores e pademsesao
encontrados no SNE, dentre eles a serotonina (52T mencionado neurotransmissor

€ uma bioamina que possui acdes fisiologicas variadas em digersistemas do
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organismd”. No desenvolvimento do SN, a serotonina influencia o final da divisd@gelul
bem como a diferenciacdo de tecidos-alvo das projecdes serotaradéfgiA mediacdo
da 5-HT sobre esses eventos celulares ocorre tanto em tecidas*hélgqaanto em outros
tecidos, a exemplo da musculatura lisa da artéria®3ertdo trato gastrintestirfal

A serotonina possui cerca de 95% dos corpos serotoninérgicos distribuldong@o
do TGI® Desse percentual, aproximadamente 90% encontram-se nas células
enterocromafins e 10% nos neur6nios entétfc@® 5-HT age como um neurotransmissor
das funcées sensério-motoras gastrintestihais

A serotonina € sintetizada no TGl pela acdo de duas enzimagptafano
hidroxilase 1 e a triptofano hidroxilasé’2J4 a inativacédo desse mensageiro molecular se
da por meio do mecanismo de recaptacdo exercido pelo transportad@rotienina
(SERTY®. O SERT é uma proteina da membrana plasmatica que inativgradaea
serotonina, sendo responsavel pela remoc&o dessa amina biogénicacddrespsticit’.
Esse ciclo de liberacdo e recaptacdo da serotonina deve pezmartacto pela sua
influéncia no controle dos reflexos motores, sensoriais e séogl6€om isso, sugere-se
que modificagbes na sinalizacdo de 5-HT, que afetam a disponibilidadse
neurotransmissor, podem contribuir para distrbios na funcéo gastrinféstinal

As funcbBes exercidas pelo 5-HT no sistema digestorio dependerdomée
diversidade de tipos de receptores encontrados nos neurbnios ent@asosglulas
enterocromafins e na musculatura lisa gastrinte&tinBlentre os tipos e subtipos de
receptores pode-se citar os receptores 5-HT1, inibidor da liberagaetiieolina (ACh) no
TGI; o 5-HT2, situado nas células musculares lisa, efetwmtsacdo do musculo liso; 5-
HT3, responsavel pela contracdo mediada pela estimulacéo dos neaofiniagico§*; e

o0 receptor 5-HT4, que exerce varias fungbes, dependendo da espéaieregido
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anatomic&’. No esofago de ratos, o 5-HT4 esta localizado nas células mesclitas
longitudinais, levando ao relaxamento da musculatura lisa esofaffiana

Propbe-se que as modificacdes na sinalizacdo de 5-HT resuttastemnipulacdes
nutricionais e farmacolégicas, que afetam a disponibilidade dtoséara, contribuem para
a ocorréncia de distarbios na funcéo gastrintestifalNo eséfago, os disttrbios motores
geram sintomas como disfagia, dor toracica, regurgitacimsegirNa disfagia esofagica,
observa-se a dificuldade na passagem do bolo alimentar pelo corpoiasbfadgsse
sintoma, dependendo de sua gravidade e frequéncia, pode levar os pacientes a
desnutricad’, causando um impacto significativo na qualidade de vida dos indi¢iduos

Diante do exposto, ha interferéncia da nutricdo e do sistema seé&tpod no
desenvolvimento das estruturas pertencentes ao trato gastrihtesisin como dos
componentes neuronais responsaveis pelo seu controle motor. E provavelppqguant
agressdes ambientais incidindo no periodo neonatal possam intedenraturacao de
estruturas neuromusculares, fundamentais para o funcionamento do siggestario,

inclusive na vida adulta.

Concluséo

A desnutricdo e/ou a inibicdo neonatal da recaptacdo de serotonina duperitdo
critico da vida promovem alteracfes histolégicas no desenvolvimenteesiiaguras
neuromusculares do trato gastrintestinal. Esses achados sugeeenas mudancas
morfolégicas estdo relacionadas a funcdo regulatoria da serotoncntmole motor do

sistema digestorio.
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2.Materiais e Métodos
2.1.Animais:

Foram utilizados ratos albinos da linhagem Wistar, provenientesol@aia de
criagcdo do Departamento de Nutricdo da Universidade Federalanieico. Os animais
foram mantidos em um ambiente com temperatura de P&, num ciclo de luz (6:00 as
18:00 h) e escuriddo (18:00 as 6:00 h) constante. Os ratos tiveranadesso a agua
filtrada e racdo padrao do biotério (LABINA - Purina do Brasil, contendo 23% de proteina)

Para obtencdo dos animais experimentais, foram acasaladosaitodade entre
90 e 120 dias na propor¢cao de um macho para 3 fémeas. O diagndstico dafprdaiez
através da afericdo do peso corporal a cada trés dias. Confirnestiado de gestacéo, as
ratas foram separadas dos machos e alojadas individualmente em gatetagdade.

Um dia apds o nascimento dos filhotes foram constituidas ninhadess degnatos
machos por mae. Foram escolhidos os machos com peso entre 6,5 a &rimaidsforam
entdo distribuidos entre as maes de maneira que ndo houvesse @hatesa mesma
ninhada nos grupos experimentais.

Apbés o desmame os filhotes foram transferidos para gaiolativeslgaté 06
animais por gaiola) e passaram a receber a dieta padréo éaobiSegundo o tratamento
imposto no periodo de aleitamento, os animais foram divididos em distinipes

experimentais.

2.2.Manipulagéo Nutricional:

De acordo com a manipulacdo nutricional imposta as maes, os afhireis

divididos em dois grupos:

35



Grupo Nutrido (N, n=39) — Composto por filhotes amamentados por nutrizes que
receberam a dieta padrdo utilizada no biotério, denominada “LAB(R4fibrands Purina
do Brasil, LTDA). Essa dieta € normoprotéica e contém 23% de imeipteonforme
descrito na Tabela 1.

Grupo Desnutrido (D, n=58) — Formado por filhotes amamentados por nujuees
receberam dieta hipoprotéica, contento 8% de proteina a Dieiza Bésgional — DBR,
conforme Teododsio et. al.,1990. A DBR (Coutinho, 1976; Teodosio et al., 1990) foi
elaborada com base em informacdes obtidas em inquéritos aliesergalizados pelo setor
de Nutricio Humana do Departamento de Nutricdo da Universidade [Fatkera
Pernambuco. Os inquéritos foram feitos em populacdes de baixo podefivaxdeizona
da Mata de Pernambuco. A DBR é uma dieta multideficitarissdRasse a deficiéncia em
proteina, em funcao da quantidade (cerca de 8%) e da qualidade (preddenfmoteina
vegetal). Conforme descrito na Tabela 2. A utilizagéo cronica da mBmRto produz um
quadro de desnutricdo protéico-caldrica severa semelhante a d@snintfantil (Teodosio

et al., 1990).

Tabela 1. Composicdo centesimal da Labina

Composicdo Centesimal (g%)
Kcal%

Proteinas Carboidratos Lipideos Cinzas Fibras

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

a: itens de enriquecimento por Kg de racdo: aaddiod (14,00 mg), antioxidante (150,00 mg), biot{8a20
mg), cobalto (2,00 mg), cobre (30,00 mg), colin&@®,00 mg), ferro (180,00 mg), iodo (2,00 mg), gemés
(110,00 mg), niacina (242,00 mg), selénio (0,20,rpghtotenato de célcio (100,00 mg), piridoxina, Q02
mg), tiamina (12,00 mg), vitamina A (28.000,00 Wijtamina B12 (44,00 mg), vitamina B2 (28,00 mg),
vitamina D3 (4.400,00 Ul), vitamina E (90,00 Ul}tamina K (7,00 mg), zinco (110,00 mg).

b: segundo a Agribrands do Brasil.

c: Fonte: Laboratorio de Experimentacao e Analsdlimentos, DN/UFPE.
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Tabela 2 - Composigéo centesimal da Dieta BasicgoRal (DBR)

Ingredientes

Composicdo Centesimal
G% Proteina Carboidrato Lipideos Cinzas Fibras Kcal%
Feijdo cozido e seco 18.34 3.99 10.66 0.24 0.57 9 1.0 60.76
Farinha de mandioca 64.81 0.84 48.59 0.12 0.43 5.64198.80
Carne seca salgada 3.74 2.74 - 0.06 0.06 - 11.50
Gordura da carne 0.35 - - 0.35 - - 3.15
salgada e seca
Batata doce 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
Teodésio et al., 1990.

2.3.Manipulagédo Farmacologica:

Os animais submetidos a manipulacédo nutricional foram divididos eremtiés

subgrupos conforme a manipulacdo farmacoldgica estabelecida aos filhotes:
Grupo Nutrido/Salina (NS, n=21) - Composto por filhotes amamentados por
nutrizes que receberam a dieta padrdo utilizada no biotério, denonfinABHNA”

(contém 23% de proteina) e tratados com solucao fisiolégica ddockbe sédio a 0,9%,

1mI/100g de peso corporal, via subcutanea,;

Grupo Nutrido/Sertralina (NSert, n=18) - Composto por filhotes amachesntaor

nutrizes que receberam a dieta padrdo utilizada no biotério, denonfinABENA”

(contém 23% de proteina) e tratados com Sertralina com dosesnug/K@ pc, 1ml/100g
de peso corporal, via subcutanea;

Grupo Desnutrido/Salina (DS, n=38) - Formado por filhotes amamentados por
nutrizes que receberam uma dieta hipoprotéica, contento 8% de pri@étten Basica
Regional — DBR) e tratados com solucéo fisiolégica de cloretddie a 0,9%, 1mI/100g
de peso corporal, via subcutanea;

Grupo Desnutrido/Sertralina (DSert, n=20) - Formado por filhotes amamentados por

nutrizes que receberam uma dieta hipoprotéica, contento 8% de pri@étten Basica
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Regional — DBR) e tratados com Sertralina com doses de 10 rpg/Klgnl/100g de peso
corporal, via subcutanea;
Os tratamentos foram aplicados diariamente entre as 12 e 14dbot&s0 21° dia

de vida.

2.4. Delineamento Experimental:

Durante o periodo de aleitamento foi obtida a evolugédo ponderal. E, nos animais que
foram sacrificados aos 22 ou 90 dias de vida, foi realizado o estudesdovdlvimento,
onde foram obtidas as seguintes medidas: tamanho e peso da porgéalptoxesofago;
area e perimetro das fibras musculares longitudinais; nUmetalétsurbnios do plexo
mioentérico; relacdo entre o niumero de neur6nios do plexo mioentériécea das fibras
musculares longitudinais; e, a relacao entre o nimero de neurdrpbexdanioentérico e

o perimetro das fibras musculares longitudinais.

2.4.1. Evolucao Ponderal:

A afericdo do peso corporal foi realizada diariamente,’@o 21 dia, e no 30°, 40°,
500, 60°, 70° 80° e 90° dias pds-natal, entre 12:00 e 14:00 horas. Foi utilizada balancga
eletrbnica digital, marca Marte AS 1000C, classe Il, capacidaildma 1000g (menor

diviséo 0,019).

2.4.2. Estudo do desenvolvimento:
Aos 22 ou 90 dias de idade, os animais foram pesados (Fig. 1A) eszauist com

solucdo de uretana a 12,5% e cloralose a 0,5% através de injeggeritanial (0,01 ml/g
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de peso corporal) (Fig. 1B). Sob efeito do anestésico, era medido megitudinal do
corpo do animal (comprimento do focinho até a base da cauda) (FigErhC3eguida,
realizada a abertura da cavidade toracica e posterior colesbfime da juncdo faringo-
esofagica até a juncdo gastroesoféagica. Para isso, cada foiic@bcado em superficie
plana de parafina, em decubito dorsal, tendo suas patas fixadas ateaegulhas. Foi
realizada uma incisdo na cavidade toracica e removido o esd@fagbetamente, da juncao
faringo-esofagica até a juncdo gastroesofagica, onde fazaéal a mensuracdo do
comprimento total e da por¢cdo proximal do es6fago (EES a porcao)nfEdja 1D),
através de paquimetro de aco inoxidavel (Starret), bem como obpdsoodessa parte
superior do 6rgdo em balanca de preciséo (Fig 1E).

Ao ser medida e pesada, a porcao proximal do es6fago foi imeraayaafixacao,
em folmoltamponado a 10%. Depois de fixado, foi desidratado em uma bateriantzesce
de alcoois (70° a 100°), diafanizado em xilol e incluido em parafinamFogalizados
cortes transversais do es6fago com 5 micrometros de espessurgemrpusnte, corados
com Hematoxilina e Eosina (HE) e montados entre lamina e laardouat resina sintética
(Entellan-Merck). A coloracdo de HE foi realizada inicialmeptra localizagdo dos

neurdnios do plexo mioentérico.

Apés a coloracéo referida acima, foi realizada a impregnegé Nitrato de Prata
contra-corada com HE para evidenciacdo e confirmacdo dos neundiviestéricos. A
presente técnica possibilitou a analise morfométrica das filmasulares longitudinais do

es6fago e da populacdo de neurbnios do plexo mioentérico.
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Fig 1. Procedimentos - Estudo do desenvolvimenf). Afericdo do peso corporal. (B) Aplicagdo do
anestésico. (C) Medida do eixo longitudinal do corfELC. (D) Esdfago coletado da jungéo gastroegoda
até a juncéo faringoesofagica. (E) Afericao do miesporcdo proximal do esdfago.

O método de impregnacdo com Nitrato de prata utilizado consistiolo@acéo do
material por 10 minutos na estufa para desparafinizacdo. Depois pkrafieizado, o
material histologico foi submerso por 5 minutos em xilol, seguido poinuto em uma
bateria decrescente de alcoois (100%, 90% e 70%). Posteriormeritegf®d em acido
periddico por 10 minutos, seguido por 4gua destilada, com posterior colocagéo no nitrato de
prata em banho maria. Apos a reacdo desejada com nitrato deopnadderial retornou
para a agua destilada (trés banhos) e depois seguiu para o tiogsoif@t minutos. Em
seguida, foi imerso em agua corrente por 5 minutos seguido pela-colotracdo com HE.
Depois de contra-corado, passou por uma bateria crescente de dlcbaigh¢), seguido

pela imersdo no xilol e posterior montagem entre lamina enldmtom resina sintética
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(Entellan-Merck).

Para avaliar a area e o perimetro das células musculamgspsanicroscopicos de
cada secc¢ao foram analisados em um microscopio de luz (LeiciyaHf@x) conectado a
um computador (Fig 2). Imagens de 30 células musculares foram ciastute cada

preparagao para posterior analise no software Scion Image Beta 4.0.2 (Fig 3).

Fig 2. Anélise morfométrica - microscopio de lunectado a um computador.
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Fig 3. Software Scion Image Beta 4.0.2 — Andlisefométrica das células musculares da porcdo prdxdma
esbfago.

Para analise do numero total de neurbnios do plexo mioentérico da porcaogbroxi
do esbéfago impregnados com nitrato de prata, campos microscopicatadeecedo foram
analisados em um microscopio de luz (Leica, objetiva 40x) conectado @mputador
(Fig 2). Imagens da circunferéncia total da por¢éo proximal do es6fago tapturadas de

cada preparacédo para posterior analise no software Mesurim (Fig 4).
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Fig 4. Software Mesurim — Andlise morfométrica adesironios mioentéricos da por¢éo proximal do esbfag

O ANOVA Two-Way medidas repetidas foi realizado para o peso arp@ara
analise dos parametros de tamanho e peso do esb6fago; area etrpedas fibras
musculares longitudinais; nimero de neurbénios mioentérico da por¢cao sujpeesdfago;
e as possiveis relacdes alométricas, foi efetuado o ANOVA Two-Wayo Gste post-hoc
foi utilizado o Tukey. A significancia estatistica foi consideraatdmitindo-se um nivel

critico de 5% em todos os casos. Todos os dados sdo apresentados corieRMedia

O protocolo experimentaleste estudo (processo n® 018130/2007-03) (ANEXO C)
foi aprovado pelo comité de ética de experimentacdo animal (CEEAUniversidade
Federal de Pernambuco, de acordo com o Instituto Nacional de guiadéepsaa cuidado

e uso de animais de laboratorio.
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3.Resultados (Artigo Original)
Do serotonergic system manipulation program changes in the neuromuscular
development of the esophagus?
Ferraz-Pereira, K Vitoriano, ILS Melo, MPP* Leite, SP’; Silva, $; Toscano, AE:

Silva, H¥; Manh&es-de-Castro,R

Abstract

Stimuli or insults that occur during critical periods of developnwdithe nervous system
can result in persistent changes in the structure and function of tkelbdtis study, the
effects of malnutrition and/or inhibition of serotonin reuptake duringptb&natal period
on the neuromuscular development of the esophagus were investigated Triheadnimals
were divided into two groups, nourished or malnourished. Pharmacologicgbutedian
was performed during the period of lactation. The animals digréed into two subgroups
(saline or sertraline). Rats were weighed and sacrificedeimoval of the esophagus on
days 22 or 90. The total length of the esophagus was measured, anthiénvdivided into
two portions of equal length. The proximal portion was sectioned fonirgga
(Hematoxylin/eosin and impregnation by silver nitrate). Maltiatr and/or the action of
neonatal sertraline appear to have been responsible for reduciygwsaght during
lactation and after the period of nutritional recovery. Theygambtein restriction and the
use of neonatal sertraline had impacts on the size and weidi#¢ esbphagus in animals
on day 22. The nutritional manipulation caused persistent changes iag®troups that
were studied in the area and the perimeter of the muscle fiBetB. insults caused a
decrease in the number of myenteric neurons. Malnutrition and/or thefuseective
serotonin reuptake inhibitoseem to result in neuromuscular changes in the morphology of
the esophagus.

Keywords: malnutrition; serotonin, sertraline, muscle fibers; myentenwp)esophagus.
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Introduction

There are critical periods in the development of the nervous syStamare
vulnerable to environmental insults (Winick, 1972; Morgane, 1978; Morgane, 1993).
During these stages, early stimuli or insults may result in persidtanges in the structure
and function of the body (Lee et al., 2005). This phenomenon, which is known as
programming, may be responsible for the establishment of diseaaéglinood (Harding,
2001).

In rats, pre- and postnatal care are essential to the developmetite of
gastrointestinal tract, which begins in embryogenesis and extends tne period of
weaning, about 21 days postnatally (Koch, Ruggeberg, 1978; Hollwardy, W985,
Jolley, Baron, 1998, Ross, Nijland, 1998). During such critical phaskfe,oflamage to
the smooth muscle contributes to changes in esophageal motor function @ughy
2003). It is therefore suggested that the characteristics afctive esophagus, such as
longitudinal and circumferential strain, depend on its morphology and pgssiperties,
such as the internal and external circumferential length andhtblenéss and area of
mucosa and muscle layers (Gregersen, Lu, Zhao, 2004), as well lzes development of
the ENS, which also undergoes further growth and development in #ys sf life
(Gershon, Liu, 2007).

Malnutrition and/or the administration of selective serotonin reuptak#itors
(SSRIs) in the early stages of development lead to permanent eléonthg structures and
functions of various systems of the body (Lucas, Fewtrell, Cole, 1988sHBaker, 1992;
Marinho, 2004; Magalh&es et al., 2006; Liberti et al., 2007; Lopes-de-8bata 2008).
In the digestive system, these changes may compromise théomimg of the

neuromuscular structures that belong to the gastrointestinglgcssibly interfering in the
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process of transporting the food bolus, which is essential to acquitents (Coates et al.,
2004; Cash, Chey, 2005).

This article aims to investigate whether malnutrition and/omitibn of serotonin
reuptake can lead to structural changes in the neuromuscular degatoi the
esophagus in rats. This study will test the hypothesis that m#bmutand/or the
administration of a serotonin reuptake inhibitor during the period ohtiact will cause
adaptive changes in the structural development of the longitudinal smasitierrand

neurons in the myenteric plexus of the esophagus.

Materials and Methods:

Albino rats of the Wistar strain that were established fromolony from the
Department of Nutrition, Federal University of Pernambuco (Brazsi)e mated to obtain
the experimental animals. Within 24 hours of their birth, litterseweade up of six male
newborns by mothers that were chosen at random. The animal&eytra a controlled
environment with a temperature of#43C in a constant cycle of light (6:00 a.m. to 6:00
p.m.) and darkness (6:00 p.m. to 6:00 a.m.). The animals had free acfikssetbwater
and standard animal feed (Labini - Purina of Brazil, containing 23% protein).

The rats were divided into two groups, which were nourished (N, n=39) and
undernourished (D, n=58). The D animals were malnourished duringdackst suckling
from mothers who received a hypoproteic diet with only 8% protein, lwkias the
Regional Basic Diet (RBD) (Teodosio et. al., 1990). The N animalklesd from mothers
who received a normal diet with 23% protein, which was the stardlatdused in the

vivarium (Labina - Agribrands Purina of Brazil, LTDA). After a@ng, which was at 21
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days, all pups were fed a normal diet, which had a level of 23% protgtil the final days
of the experiment.

The pharmacological manipulation included treatment with Sertrale a day
from the first day to the twenty-first day after birth. Meens of the different nutritional
groups were divided into two subgroups. The sub-nourished sertraline (NSE8), and
malnourished-sertraline (DSert, n=20) groups were treated wittalges (10 mg/kg body
weight, subcutaneously). Sertraline, which was obtained in salt foas, dissolved in
saline and injected subcutaneously at a volume of 1 ml/100 g bodytwéige sub-
nourished saline (NS, n=21) and malnourished-saline (DS, n=38) groupseteai
equivalent volume of saline, which was in the form of a 0.9% soluticdiim chloride.
The weight of each offspring was assessed to day after biath X) until the period of
weaning (day 21), and again at the ages of 30, 40, 50, 60, 70, 80 and 90 days. Animals from
each group were weighed and sacrificed at 22 or 90 days of ageollDwerfg parameters
were measured: size and weight of the proximal portion of the essphtée area and
perimeter of the longitudinal muscle fibers, the total numberenirons in the myenteric
plexus, the relation between number of neurons and area of the melislard the
relationship between the number of neurons in the myenteric plexubhepdrimeter of
the muscle fibers.

The animals were weighed on a digital electronic scale aepdtletized with a
solution of 12.5% urethane and 0.5% cloralose by intraperitoneal injectionnf0@body
weight). Under the effects of anesthesia, the longitudinal axiseobody, which was the
length of the snout to base of the tail, was measured. After th&udmgl axis was
measured, an opening was made in the chest cavity, and the redmrenesophagus from

the pharynx-esophageal junction to the gastroesophageal junction wagjusmbye
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collected. In order to perform this extraction, each animal waseglan flat surface of
paraffin, in the supine position, with their feet fixed by needdsincision was made in
the thoracic cavity, and the esophagus was completely removed. [Bwedlthe length

and the proximal portion of the esophagus (ESS to the middle portion)nedsired via a
stainless steel caliper . In addition, the weight of the upper bogyecise balance was
obtained.

The proximal portion of the esophagus was immersed in buffered fanwter
for it to be measured and weighed. After it was set, the esophags dehydrated in a
gradient of alcohol (70% to 100%) and placed immediately into xgtal paraffin.
Transverse sections were made of the esophagus that weceohsrthick, and they were
subsequently stained with hematoxylin and eosin (HE) and mounted beglickenwith
synthetic resin (Entellan - Merck). The HE staining was atytiperformed in order to
locate the neurons of the myenteric plexus. After the neurons aeated, the slides were
impregnated with silver nitrate and counter-stained with HE inrotadellustrate and
confirm of these neurons. Morphometric analysis was performed onotiggtudinal
muscle fibers and neurons in the myenteric plexus of the proxpodlon of the
esophagus.

For analysis of the total number of neurons in the myenteric plexte g@roximal
portion of the esophagus that was impregnated with silver nithatey, microscope fields
from each section were analyzed under a light microscopea(L40x objective) that was
connected to a computer. Images of the total circumfereinite groximal portion of the
esophagus were taken from each preparation for later analysis by the sdftegarim.

To evaluate the area and perimeter of the muscle cells, thidsoscope fields

from each section were analyzed under a light microscopea(L40x objective) that was
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connected to a computer. Images of thirty muscle cells wees tiiam each preparation
for later analysis in the software Scion Image Beta 4.0.2.

The repeated measures two-way ANOVA was performed for bodghtvelhe
two-way ANOVA included the parameters of size and weight ofeg@phagus, the area
and perimeter of the longitudinal muscle fibers, the number ohtagie neurons of the
upper portion of the esophagus and the possible allometric relationshgudition, post-
hoc Tukey was used. Statistical significance was consideredabéaeritical level of 5%
in all cases.

The experimental protocol of this article (Case 018130/2007-03) was agdrgve
the ethics committee for animal experimentation (EAEC) atRederal University of
Pernambuco, according to the National Institutes of Health guideafer and use of

laboratory animals.

Results

Manipulation of nutritional and/or pharmacological factors {57107.45,
p<0.001), age (f1.78173758.52, p<0001) and the manipulation and interaction with age
(Fz3.781725.60, p<0001) all showed differences in the body weight of the aninmegals
in DS (gq=5.607, p<0001) and DSert (q=4.301, p=0.013) groups had lower body weight
starting from the 14th day of life when they were comparet thi¢ rats in NS and Nsert
groups, respectively. The DSert (q=5.969, p<0.001) and NSert groups (g=3.755, p=0.040)
had lower body weights when compared with the groups that weredredth the saline

solution on both days 50 and 70 (Fig 1).
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Fig 1. Effect of malnutrition and/or pharmacologi@anipulation of the serotonergic system on the ew¥
body weight. The rats were subjected to nutritiomanipulation (nourished or malnourished) and/argdr
(sertraline 10 mg/kg bw or sodium chloride at 0.9BI/100g bw) during the period of lactation (twayv
repeated measures ANOVA). The data are represemtetbartSEM. Multiple comparisons (Tukey test) -
p<0.05: a-NS vs DS b-NSert vs DSert c-DS vs DS&iSdvs NSert.

Tables 1 and 2 present the parameters that were evaluated fesajbleagus on
days 22 and 90, respectively. For the weight of the upper portion ofdpbaggis on day
22, the diet effect (fr51=51.598, p<0001) led to differences in body weight, but neither
the drug effect (fr. 51=0.0760, p= 0784) nor the interaction between the two factors (diet
vs. drugs) (f51=1.204, p=0.278) led to any differences in body weight. On day 90, the
diet effect (f1.4070.574, p=0.453), the drug effect (h=3.063, p=0.088) and the
interaction of diet and drug (F20=0.000951, p=0.976) showed no difference in the weight
of the upper portion of the esophagus. On day 22, the rats in groups DS emda&ba

lower weight of the proximal portion of the esophagus when compargtps NS and
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NSert, respectively. On day 90, there were no differences anmyngf@he groups for the
weight of the proximal portion of the esophagus.

With regard to the size of the upper portion of the esophagus on daye2@iet
effect (R1517118.594, p<0001) and the drug effect:{F1+11.641, p=0.001) showed
differences, but there was no diet vs. drug interactigns{0.735, p=0.395). The DS
group on day 22 showed a reduction in the size of the esophagus when comtierddSo
group. The DSert group on day 22 also had a smaller size when comptrdubiiv the
NSert and DS groups. On day 90, the diet effegly(F0.0101, p=0.921), the drug effect
(F1.4070.575, p=0.453) and the interaction of diet vs. drug 4(F0.0722,p=0.790)
showed no differences in the size of the esophagus.

With regard to the area and perimeter of the longitudinal mubdesfon day 22, a
difference was observed for the diet effect (areqi17F36.666, p<0.001/ perimeter -
Fa.17733.406, p<0001) but not for the drug effect (area r14=0.0150, p=0.904/
perimeter - [.1770.000638, p=0.980) nor the interaction of diet vs. drug (area -
Fa.1772.073, p=0.172/ perimeter ¢1fr7=2.701, p=0.123). On day 90, a difference was still
observed for the diet effect (area . fs7=26.161, p<0,001/ perimeter -1ks=26.753,
p<0001) and still not for the drug effect (area (11570.534, p=0.476/ perimeter -
Fa.1870.534, p=0.476) nor the interaction of diet vs. drugs (arqais¥0.149, p=0.705/
perimeter - b1.18~0.00360, p=0.953). The muscle cells of the DS and DSert groups had
lower area and perimeter when compared to the NS and NSert gresppsctrvely, at both
the ages that were studied.

With regard to the total number of myenteric neurons in the prabportion of the
esophagus that were impregnated with silver nitrate on day 22, thefféiet showed

differences (f1.1075.261, p=0.036), but the drug effect;(fs=0.358, p=0.558) and the
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interaction of diet vs. drug (F19=0.0311, p=0.862) did not show any differences. On day

90, the drug effect showed a differencqs (5=13.906, p=0.002), but the diet effect

(F1.1070.0204, p=0.888) and interaction of diet vs. drug {§=0.550, p=0.469) did not

show a difference (Fig 3). On day 22, a lower number of neuromei®$ (Fig 3C) and

DSert groups (Fig 3D) was observed when compared to the NS (Fig 3A) andghtibip,

respectively (Fig 3B). On day 90, there was a smaller populatioewons in the DSert

(Fig 3H) and NSert groups when compared to the DS (Fig 3G) and Bi$psyr

respectively.

Table 1. Effect of malnutrition and/or manipulatiaf the serotoninergic system on the parameters
macroscopes and microscopes of the upper portitimeeofsophagus in animals sacrificed on days 22 rats
were subjected to nutritional manipulation (noueidhor malnourished) and/or drug (sertraline 10 mdiw

or sodium chloride at 0.9%, 1ml/100g bw) during tfexiod of lactation (two-way ANOVA). The data are
represented in meanSEM.

Experimental Groups ANOVA

Parameters NS NSert DS Dsert F P
Weight of the 0,014£0,002 0,0130,001 | 0,006:0,0004 | 0,007%0,00F Diet=51,598 <0,001
esophagus (n=9) (n=10) (n=21) (n=12) Drug=0,0760 0,784

(9) DietxDrug=1,204 | 0,278
Size of the 21,8:0,7 19,9+0,5° 16,7#0,2 15,6:0,4°° Diet=118,594 <0,001
esophagus (n=10) (n=10) (n=21) (n=12) Drug=11,641 0,001
(mm) DietxDrug=0,735 | 0,395
Area of the muscle 45,3t6,0 50,7#4,3 29,3t1,5 24,8¢1,6° Diet=36,666 <0,001
fibers (n=4) (n=4) (n=5) (n=5) Drug=0,0150 0,904

(um) DietxDrug=2,07 0,172
Perimeter of the 26,71,6 28,6+1,6 21,9:0,6 20,0:0,7° Diet=33,406 <0,001
muscle fibers (n=4) (n=4) (n=5) (n=5) Drug=0,000638 0,980
(um) DietxDrug=2,70 0,123

Total number of 211,6:21,7 220,2£30,9 161,210,8 177,611, 1° Diet=5,261 0,036
myenteric neurons (n=4) (n=4) (n=5) (n=5) Drug=0,358 0,558
DietxDrug=0,0311| 0,862

Multiple comparisons (Tukey test) - p<0.05: a-Congzn with the NS group, b-Comparison with the NSer
group c-comparison with the DS group.
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Table 2. Effect of malnutrition and/or the manigida of the serotoninergic system on the parameters
macroscopes and microscopes of the upper portitimeofsophagus in animals sacrificed on days 98.rats
were subjected to nutritional manipulation (noueidlor malnourished) and/or drug (sertraline 10 rkg bw

or sodium chloride at 0.9%, 1ml/100g bw) during trexiod of lactation (two-way ANOVA). The data are

represented in meanSEM.

Experimental Groups ANOVA

Parameters NS NSert DS DSert F P
Weight of the 0,080,005 0,070,004 0,070,002 0,070,004 Diet=0,574 0,453
esophagus (n=11) (n=8) (n=15) (n=7) Drug=3,063 0,088
(9) DietxDrug=0,000951 0,976

Size of the 36,6t1,0 35,4:0,9 36,2+0,9 35,6t1,4 Diet=0,0101 0,921
esophagus (n=11) (n=8) (n=15) (n=7) Drug=0,575 0,453
(mm) DietxDrug=0,0722 0,790
Area of the 302,130,4 331,6:34,8 154,2:15,6' 134,85,0° Diet=26,161 <0,001
muscle fibers (n=5) (n=4) (n=5) (n=5) Drug=0,534 0,476
(um) DietxDrug=0,149 0,705
Perimeter of the | 71,93,2 75,6£2,6 50,3t2,6" 48,6:0,5’ Diet=26,753 <0,001
muscle fibers (n=5) (n=4) (n=5) (n=5) Drug=0,534 0,476
(um) DietxDrug=0,00360 | 0,953
Total number of | 442,224,2 356,435, 459,4:14.,9 331+35,4 Diet=0,0204 0,888
myenteric (n=5) (n=4) (n=5) (n=5) Drug=13,906 0,002
neurons DietxDrug=0,550 0,469

Multiple comparisons (Tukey test) - p<0.05: a-Congzn with the NS group, b-Comparison with the NSer
group c-comparison with the DS group.
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Fig 2. Myenteric neurons impregnated by silveratgrin rats subjected to malnutrition and/or malaipion

of the serotoninergic system during the periodaatation. A, B, C and D correspond respectivel}heoNS,
NSert, DS and DSert groups on days 22. E, F, GHanefer to the NS, NSert, DS and DSert groups ofsda
90 (two-way ANOVA). The arrows indicate the neurasfsthe myenteric plexus impregnated with silver
nitrate.
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Figure 3 shown the relationship between the total number of neurons in the
myenteric plexus and the area of the esophageal longitudinal niibscteon days 22 and
90. With regard to this relationship on day 22, the diet effect showddredites
(F1.1774.912, p=0.044), but the drug effect(F=1.063, p=0.320) and the interaction of
diet vs. drug (f.1771.506, p=0.240) did not show any differences. On day 90, the diet
effect again showed a difference (fg=27.921, p<0001), and the drug effect
(F1.1873.798, p=0.070) and the interaction of diet vs. dryg:F0.398, p=0.538) also did
not show any differences. The ratio was higher in the DS group @drapared to the NS
group on days 22 and 90. The ratio was also higher in the DSert gronpcoimgared to

the NSert group on days 22 and 90.

ONS
BENSERT
mDS
BDSERT

Total number of neurons/area of the
muscle fibers

Age (days)

Fig 3. Effect of malnutrition and/or manipulatiohtbe serotoninergic system on the relationshipveen the
number of neurons in the myenteric plexus and tka af longitudinal muscle fibers in animals saceél on
days 22 or 90. The rats were subjected to nutafienanipulation (nourished or malnourished) andarg
(sertraline 10 mg/kg bw or sodium chloride at 0.9BI/100g bw) during the period of lactation (twayv
ANOVA). The data are represented in me8EM. Multiple comparisons (Tukey test) - p<0.05: a-
Comparison with the NS group, b-Comparison with N®ert group c-comparison with the DS group, d-
Comparison with the DSert group.

Figure 4 present the relationship between the total number of neurotie |

myenteric plexus and the perimeter of the esophageal longitudirsdlenfibers on days
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22 and 90.0n day 22, the diet effecty(F=0.00165, p=0.968), the drug effect
(F1.1770.686, p=0.422) and the interaction of diet vs. dryg:¢F0.498, p=0.492) showed
no difference. On day 90, the diety(fs=15.570, p=0.001) and drug effects:{#s=8.967,
p=0.009) showed differences, but there was no interaction of diet vs(Flrug=1.029,
p=0.326). There was a higher ratio in the DS and DSert groups when reantpahe N
and NSert groups, respectively. The NS and DS groups showed a hagloervhen

compared to the NSert and DSert groups, respectively.
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Fig 4. Effect of malnutrition and/or manipulatiohtbe serotoninergic system on the relationshipveen the
number of neurons in the myenteric plexus and tedgngeter of longitudinal muscle fibers in animals
sacrificed on days 22 or 90. The rats were subgetdenutritional manipulation (nourished or malnished)
and/or drug (sertraline 10 mg / kg bw or sodiunodile at 0.9%, 1ml/100g bw) during the period afidion
(two-way ANOVA). The data are represented in me8&M. Multiple comparisons (Tukey test) - p <0.05: a
Comparison with the NS group, b-Comparison with N@ert group c-comparison with the DS group, d-
Comparison with the DSert group.

Discussion

In this study, it was demonstrated that the manipulations & wposed during
the lactation period promoted changes in body weight and the parartteersa/ere
analyzed in the proximal portion of the esophagus, which included s&ghtwarea and

perimeter of the longitudinal muscle fibers and total number of neunotiee myenteric
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plexus. Malnutrition during this critical period of development wasponsible for
reducing body weight during the time in which the experimentaatinents were
performed, and the malnutrition persisted even after the period ofiondl recovery.
When the manipulation of the serotonergic system through the adntiorsted SSRIs
was associated with malnutrition, a greater difference wasnods in the weight of the
animals.

Malnutrition and Sertraline, which was the serotonin reuptake inhibitat, eha
considerable impact on the size and weight of the proximal portisheoésophagus in
animals on day 22. On day 90, however, there were no changes in these parameters.

These findings are in agreement with the observations of Toscaalo (2008).
These authors observed that malnutrition during lactation reduced badiytvead the
weight of the heart over the short term (Toscano et al., 2008). In@agditey observed
that the administration of fluoxetine, which is an SSRI, causedraake in growth of the
heart on day 30, with a subsequent recovery (Toscano et al., 2008).

Silva (2006) observed that malnutrition that was associated witthtieaic use of
selective serotonin reuptake inhibitors during this critical perioddefelopment can
interfere with the development of the esophagus. However, the mdmputa the
serotonergic system through the administration of fluoxetine (S8f#drferes in the
development of this structure only in the late phase (Silva, 2006).

Programming insults such as malnutrition and the administratiorsBisSduring
the early stages of life can lead to permanent damage in the nugplamid physiology of
the organs and tissues of the body (Lucas, Fewtrell, Cole, 1999s, Hzd&er, 1992;
Magalhées et al., 2006; Lopes-de-Souza et al., 2008, Marinho, 2004; Lib&rti2€0&).

These changes may be the result of the stimulation of the@sergic system by means of
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the aforementioned exogenous factors (Halford, Blundell, 1996). This semitone
manipulation may affect somatic growth and development (Toscaho 20@8). The role
of 5-HT in the regulation of feeding behavior and body weight eadly clear (Toscano et
al., 2008). Studies show that protein malnutrition (Manjarrez et al., 200Bler et al.,
2003) and administration of an SSRI (Deir6 et al., 2006) affect food irdaélebody
weight gain as a result of increased availability of serotonin in the syrcégftic

We observed that nutritional manipulation caused persistent chanpgeghaages
that were studied (days 22 and 90) in the area and the periméterlohgitudinal muscle
fibers of the upper portion of the esophagus. The important factbeigarly nutrition
programming environment (Lucas et al.,, 1999), which can induce considerable
consequences in adulthood (Lucas, 1998). This perinatal malnutrition can indscke m
atrophy (Alippi et al., 2002; Bozzini et al., 1989). In addition, the nabmaalnutrition
may irreversibly damage the morphology of the muscle (Bedil.et1982). It can also
reduce cell proliferation, which reduces the number of muscle filledsnuclei in the
offspring (Bedi et al., 1982, Park et al., 2003; Bayol et al., 2004). Changése
proportions of fiber types after early malnutrition have also beemadas€Toscano et al.,
2008). Therefore, malnutrition compromises the biomechanical and etamsticactile
properties of the muscle (Toscano et al., 2008).

Changes in the smooth muscle contribute to changes in esophageafunction
(Tugay et al., 2003). Therefore, it is proposed that the active atbastics of the
esophagus, such as the longitudinal and circumferential strain, epenaknt on its
morphology and passive properties, such as internal and external feirential length,
the thickness and area of the mucosal layer and the thicknesseandfdhe muscular

layers (Gregersen , Lu, Zhao, 2004).
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Potential morphological and physiological changes in the neonatal rsmuusicle
of the digestive system as a result of malnutrition may alsmabsed by inactivation of the
carrier molecule of serotonin (SERT) (Coates et al., 2006). Trssnglanembrane protein
that is responsible for the degradation and inactivation of serotonirs tleatnd within the
interstitial space (Gershon, 2003). This cycle of the releaserauptake of serotonin
should remain untouched by its influence on the control of motor, sensoigearetory
reflexes (Coates et al., 2006). Therefore, it has been suggestechémagtes in 5-HT
signaling, which affects the availability of the neurotransmittmay contribute to
disturbances in gastrointestinal function (Coates et al., 2004; Cash; Chey, 2005).

In this study, we observed that both applied environmental insults caused
reduction in the number of myenteric neurons in the proximal portion oésbphagus.
However, the diet factor only had an effect after weaning on2@ayut there were no
permanent changes in the young adults, 90. Long-term effects obesrved for the
administration of the serotonin reuptake inhibitor, although it did not hayaaticeable
effects right after weaning.

With regard to the relationship between the number of neurons in theterige
plexus and the area of longitudinal muscle cells of the proximabpaot the esophagus,
diet had both short-term and long-term effects. Administration osénetonin reuptake
inhibitor only had an effect in the long term.

Protein deficiency during this critical period of life causesdaay in the
development of tissues and myenteric neurons in young rats (Casteluat, 2002,
Brandao et al, 2003, Gomes et al., 2006; Liberti et al., 2007). Howbeanorphological
and morphometric characteristics of enteric neurons recoverthéeats were returned to

a normal diet (Meilus et al., 1998; Miranda Neto et al., 1999; Castedtical., 2002,
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Gomes et al., 2006). These possible effects of protein malnutritittre imyenteric plexus
neural structures indicate that the control of gastrointestinalitpyobay be affected in a
negative way (Miranda Neto, 1999).

In the enteric nervous system, the manipulation of the serotonirsggjem that is
induced by the use of SSRIs also results in a delay in theopaveht of neurons in the
myenteric plexus of the gastrointestinal tract (Marinho, 2004). ddministration of
fluoxetine during the lactation period causes a reduction in the numipeucdns and in
the size of myenteric nerve cells in the segment of dsstall intestine that can be seen on
day 75 (Marinho, 2004). These SSRIs can act as blockers and inathigat#oamine,
which functions as the carrier molecule for serotonin (Wong.e18¥5). SERT inhibition
produces an increased synaptic concentration of serotonin, which dboves greater
availability for this neurotransmitter to connect with itsegtor (Laurie, 2004). Thus,
SSRIs may affect brain function (Wong et al., 1975) and gastromaégtact function
(Gershon, Jonakait, 1979; Wade et al., J986a result of changes in the function of 5-HT
receptors (Tuladhar, Costall, Naylor, 2002).

Furness (2000)indicated that there was a strong relationship between the
ganglionic myenteric plexus and the smooth muscles of the digesststem. Given that, it
is suggested that changes in neural structures of the myepitexics that are associated
with morphological impairment of the muscle fibers of the digestiystem are indicative
that damage to gastrointestinal motility may occur (Miranda Neto, 1999).

It has been proposed that the changes in 5-HT signaling esulh of nutritional
and pharmacological manipulations affect the availability of eamtand, therefore, may

interfere with gastrointestinal function (Coates et al., 2004; Gaiséry, 2005). One of the
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symptoms that can result from motor dysfunction in the esophagudysighagia
(Domingues, Lemme, 2001), which is the difficulty of the passdgeod bolus by the
esophageal body (Domingues, Lemme, 2001). This symptom, which resaits afr
decrease in esophageal motility, may be responsible for the ocaurrehc
pharyngoesophageal reflux (Marchesan, Furkim, Santini, 1999) and thasedrask of
laryngotracheal penetration or aspiration after swallowing t¢itga Palmer, 2008).
Esophageal dysphagia, depending on its severity and frequency, adaty lalnutrition
(Domingues, Lemme, 2001), which can generate a negative impact on aduaks

quality of life (Beattie et al. 2004).

Conclusion

Malnutrition and/or serotonin reuptake inhibition during the criticaiqaeof life
prior to weaning promotes adaptive changes in the development afethremuscular
structures of the upper portion of the esophagus. These findings entheathe structural
changes that are associated with metabolic programminglated to the regulatory role

of serotonin in the neuromotor development of the gastrointestinal tract.
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4.Consideracoes finais
Este estudo possibilitou desmonstrar:

* Os efeitos precoces e tardios da desnutricdo e da manipulacdcahdorsistema
serotoninérgico sobre o desenvolvimento neuromuscular do trato gastrintestinal.

« A forte relacdo dos insultos nutricionais e/ou farmacoldgicos dbensa
serotoninérgico, incidentes nas fases criticas do desenvolvimento, acom
programacdo, sobretudo os fatores exdgenos que atingem a mastogéne
neuromuscular esofagiana.

* O papel programador da serotonina no desenvolvimento morfolégico do trato

gastrintestinal, em particular do eséfago.
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ANEXO B

Autonomic Neuroscience: Basic and Clinical
Adopted as the official publication of The Intefioaal Society for Autonomic

Neuroscience =http://www.isanweb.org/

Guide for Authors

Types of Article

Full-length articles of original research; Short Communications; Reargales; Clinical
Reports and Book Reviews. For Full-length articles, please note you will beecktmii
select a major and minor classification when submitting to the online syBtenfeditor-
in-Chief should be consulted whenever a review article is under consideration. Rapid
Communications will be accepted if extremely concise, fully documented ahdgleith

a novel and important observation in a research area in rapid expansion. Thesedl rec
priority handling both in the reviewing and publishing processes such that their pablica
will be advanced.

Ethics

Human Experiments

Papers describing experimental work on human subjects which carry a risk of hatm m
include a statement (a) that the experiments were conducted with the undegssaatliihe
consent of each subject, and (b) a statement that the responsible Ethical Cohmasitte
approved the experiments.

Animal Experiments

Papers describing experiments on living animals should provide (a) a fullpdescaf any
anaesthetic and surgical procedure used, and (b) evidence that adequate stegewén
ensure that animals did not suffer unnecessarily at any stage of the expeand comply
with the existing national and international guidelines on the conduct of animal
experiments.

Copyright Submission

Copyright submission of a paperAnotonomic Neuroscience: Basic & Clinioalll imply

that it represents original research not previously published (except in theffaim

abstract or a preliminary report) and that it is not being considered for giidotic

elsewhere. It also implies the transfer of the Copyright from the author pubtisher.
Manuscripts submitted under multiple authorship are reviewed on the assumption that all
listed authors concur with the submission and that a copy of the final manuscriptias bee
approved by all authors and tacitly or explicitly by the responsible authanttas

laboratories where the work was carried out. If accepted, the manuscriptctadi

85



published elsewhere in the same form, in either the same or another language, without the
consent of the Editors and Publisher. If illustrations or other small partsaésor books
already published elsewhere are used in papers submitteddoomic Neuroscience:

Basic & Clinical the written permission of author and Publisher concerned must be
included with the manuscript. In these cases, the original source must be indicated |
legend of the illustration.

Special regulations for readers and authors in the USA regarding capyngppyright are

to be found in the preliminary pages of each issue.

Manuscript Preparation

All manuscripts must be submitted through the online systemn at
http://ees.elsevier.com/autneManuscripts mailed to the editorial office will not be
processed. Registration is required if using the system for the first tiftee.akcessing the
web site click on the "Register” link located towards the middle of the top of #enscr
Detailed instructions are provided by clicking on the "Tutorial for Authors" linkéngrey
Author Information box in the upper right corner of the screen. The cover letter must
contain a statement assuring that the material has not been published or is weler act
consideration by another journal. The authors must also indicate in the cover |¢tiee tha
research was conducted in accordance with the Declaration of Helsinki and/drewith t
Guide for the Care and Use of Laboratory Animals as adopted and promulgated by the
United States National Institutes of Health.

The author should select a set of classifications from a list, and a categayation for

their manuscript (original article, letter to the editor, short communicatior), Betails of

five reviewers that are required with a submission can be provided in the commeants box
at a later stage when uploading the files for submission.

Authors may send queries concerning the submission process, manuscript status, or journal
procedures to the Editorial Offica{tneu@elsevier.comOnce the uploading is done, the
system automatically generates an electronic (PDF) proof, whichnisiieel for

reviewing. All correspondence, including the Editor's decision and requesvisiores,

will be by e-mail.

TheTitle of the paper should be as concise, clear and as informative as possible, it should
not contain abbreviations and should not exceed 120 letters and spaces; it should be free of
unusual typographical characters so that it will not be too difficult for otheoesuto type

it and retrieve it. Thédbstract should summarize the results obtained and the major
conclusions in such a way that a reader not familiar with the particulaofweak can
understand the implications of the work. The Abstract should not exceed one twentieth of
the length of the manuscript. Full-length papers should normally be divided into the
following headings: Introduction, Materials and Methods, Results, Discussion (and
Conclusions), (Acknowledgements) and References. Abbreviations should be used
sparingly and should be avoided in the Abstract.
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Rapid communications

Reports on exciting new results within the scope of the journal can be submitted for
publication in the rapid communications section. A rapid communication should not exceed
700 words and should contain at most one simple table or figure. A maximum of 8
references may be used. The manuscript should be arranged in the followingtteder: t
(not exceeding 100 characters including spaces between words); surname (s aut
preceded by one name spelled out in full; name and address of the establishmetitevhe
work was done (all on 1 page); abstract (max. 75 words) and keywords (indexing terms,
max. 3 items); text without subheadings; acknowledgement(s); referéigoes;legend

and figure or table. Name, full postal address, telephone, fax numbers and e-masg afldre
the author to whom correspondence is to be sent should be mentioned on the title page.
Rapid communications have priority at the editorial office and publisher.

Short communications

Short communications should be prepared as rapid communications but should not exceed
four pages in print (approx. 2000-3000 words including abstract, captions and references).
A maximum of 2 illustrations (figures and tables) is allowed. An abstract of owa tihan

100 words should be provided and 3-6 keywords should be listed immediately below the
abstract.

Clinical reports
Clinical reports should be prepared as Short communications.

Literature References

Citations in the text should be given in parentheses at the appropriate place bigpautho
name(s) followed by the year in chronological order according to the Hanstadrsy
(Paintal, 1973; Birdsall et al., 1980). With more than two authors, name only the first
followed by "et al." (Birdsall et al., 1980). When two or more papers by the sahu (@t
appear in one year, distinguish them by a, b, etc. after the date.

The Reference List

The reference list should be submitted in double spacing. It should be arranged in
alphabetical order of the first author's name. If the first author's name@rmspmore than
once, the order is as follows: (1) single author: chronological sequence;{@) antl co-
author: alphabetically according to co-author; (3) author and more than one co-author:
chronological sequence (as in the text these will be referred to ds):éRaference must
be complete including, in this order: author's name, initials, year of publicatierofti
article, title of the journal, volume, first and last page number of the artielé. Title
abbreviations should conform to those adopted by List of Serial Title Word Abbosgati
(available from International Serial data System, 20 Rue Bachaumont, 75@)ZRarce,
ISBN 2-904938-02-8).

Examples: Paintal, A.S., 1973. Vagal sensory receptors and their reflets.effiagsiol.

Rev. 53, 159-227. Birdsall, N.J.M., Hulme, B.C., Hamner, R., Stockton, J.R., 1980.
Subclasses of muscarinic receptors. In: Yamamura, H.I., Olsen, R.W., Usdin, k. (Eds
Psychopharmacology and Biochemistry of Transmitters and Receptors. Elsevie
Amsterdam, pp. 97-100. Leiblich, I., 1982. Genetics of the Brain. Elsevier, Amsterdam,
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492 pp.

Unpublished experiments may be mentioned only in the text. They must not be included in
the list of References. Papers which have been accepted for publication but which have not
appeared may be quoted in the reference list as "in press". Personal comonginaly

be used only when written authorization from the investigator is submitted with the
manuscript. They must not be included in the list of references. All referaesieesdhould

be referred to in the text and vice versa.

Figures

Figures of good quality should be submitted online as a separate file. Thadetteould

be large enough to permit photographic reduction. Legends should be typed together on a
separate page in the electronic manuscript. If a figure cannot be submittex] anli

hardcopy may be sent; please contact the Editorial Officen¢u@elsevier.confior

further instructions.

Colour illustrations must be approved by the editors and the extra costs of colour
reproduction will be charged to the author(s).

If, together with your accepted article, you submit usable colour figures teewni&il will
ensure, at no additional charge, that these figures will appear in colour on thegveb (e.
ScienceDirect and other sites) regardless of whether or not thesaiibrstrare
reproduced in colour in the printed version. For colour reproduction in print, a limited
number of colour figures may be printed in the journal without cost, at the tscoéthe
Editor, who will make the judgement based on the academic necessity of the colour
illustrations. For further information on the preparation of the electronic antw@aselsee
mhttp://www.elsevier.com/locate/authorartwork

Each illustration should be numbered in Arabic numerals (Fig. 1, Fig. 2, etc.) An
illustration, together with its legend, should be understandable with minireagémnet to

the text. a. All illustrations should be designed to fit either a single colurcm) @r the

full text width (16 cm).

b. Line drawings should normally be about twice the final size. Symbols should be used
sparingly and direct labelling with an explicative term or abbreviation ferpesl. All
symbols and lettering should be large enough to permit reduction.

c. Micrographs. These should be submitted in a form suitable for direct reproduction
without reduction. The maximum space available for micrographs is 16x19 cm.
Micrographs should by carefully cropped, to leave out areas of low information content,
and they should be grouped and arranged to optimize the available space. They should be
separated by gutters of 2-3 mm and be directly labelled. Micrographs must have
calibration bar. lllustrations and legends should not be placed sideways.

Tables

Tables should be submitted online as a separate file and should bear a short desbeiptive
Legends for each table should appear on the same page as the table. All tables must be
numbered consecutively in Arabic numerals and cited in the text. Titles should beubrief
descriptive. Tables should not have vertical lines, and horizontal lines must be kept to a

88



minimum. Tables should be prepared for use in a single column (8.4 cm wide) or be of
page width (17.6 cm).

(a) Each table should have a brief explanatory heading and sufficient experidetaiial
(following the table body as a footnote) so as to be intelligible without refeterice text.

(b) Tables should not duplicate material in text or illustrations

(c) Short or abbreviated column headings should be used and if necessary, explained in
footnotes, and indicated as a,b,c, etc.

(d) Statistical measures of variation, S.D., S.E., M., etc. should be identified.

Funding body agreements and policies

Elsevier has established agreements and developed policies to allow authorsriMdtese a
appear in journals published by Elsevier, to comply with potential manuscript aghivi
requirements as specified as conditions of their grant awards. To learnboatesgisting
agreements and policies please \ésitttp://www.elsevier.com/fundingbodies

Preparation of Supplementary Material

Elsevier now accepts electronic supplementary material to support and epbance
scientific research. Supplementary files offer the author additional passstib publish
supporting applications, movies, animation sequences, high-resolution images, background
datasets, sound clips and more. Supplementary files supplied will be published online
alongside the electronic version of your article in Elsevier web produchsding
ScienceDirect=shttp://www.sciencedirect.comin order to ensure that your submitted
material is directly usable, please ensure that data is provided in one of@munrended
file formats. Authors should submit the material in electronic format hegetith the
article and supply a concise and descriptive caption for each file. For mateddeta
instructions please visit:http://www.elsevier.com/authars

Proofs

One set of page proofs in PDF format will be sent by e-mail to the correspondhngy Atit
we do not have an e-mail address then paper proofs will be sent by post). Elsevier now
sends PDF proofs which can be annotated; for this you will need to download Adobe
Reader version 7 available free frem
http://www.adobe.com/products/acrobat/readstep2.Hustructions on how to annotate
PDF files will accompany the proofs.

If you do not wish to use the PDF annotations function, you may list the corrections
(including replies to the Query Form) and return to Elsevier in an e-maikePlisayour
corrections quoting line number. If, for any reason, this is not possible, then mark the
corrections and any other comments (including replies to the Query Form) on a mfntout
your proof and return by fax, or scan the pages and e-mail, or by post. Please pre®this
only for checking the typesetting, editing, completeness and correctnésstext, tables
and figures. Significant changes to the article as accepted for publicati@mlyibe
considered at this stage with permission from the Editor. We will do everythis|sot

get your article published quickly and accurately. Therefore, it is irapbtd ensure that

all of your corrections are sent back to us in one communication within 48 hours: please
check carefully before replying, as inclusion of any subsequent correcéionst be
guaranteed. Proofreading is solely your responsibility. Note that Elsevepmeeed with
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the publication of your article if no response is received.

Offprints

The corresponding author, at no cost, will be provided with a PDF file of the arate vi
mail. The PDF file is a watermarked version of the published article and iscucta/er
sheet with the journal cover image and a disclaimer outlining the terms andamndit
use.

Page charge
There will be no page charge.

For complete up-to-date addresses of Editors please check the link to EBivardlat the
beginning of these instructions."0") have been used properly, and format yder (tats,
indents, etc.) consistently. Characters not available on your word processek (&ters,
mathematical symbols, etc.) should not be left open but indicated by a unique code (e.g.,
Gralpha, #, etc., for the Greek lettgr Such codes should be used consistently throughout
the entire text. Please make a list of such codes and provide a key. Do not allowergbur w
processor to introduce word splits and do not use a justified layout. Please adhbrécstric
the general instructions on style/arrangement and, in particular, the cefestgte of the
journal. Further information may be obtained from the Publisher.

Literature References

Citations in the text should be given in parentheses at the appropriate place bigautho
name(s) followed by the year in chronological order according to the Hanstaisy
(Paintal, 1973; Birdsall et al., 1980). With more than two authors, name only the first
followed by "et al.” (Birdsall et al., 1980). When two or more papers by the sahwa (gt
appear in one year, distinguish them by a, b, etc. after the date.

The Reference List should be typed in double spacing. It should be arranged in alghabetica
order of the first author's name. If the first author's name appears morente, the order

is as follows: (1) single author: chronological sequence; (2) author and co-author:
alphabetically according to co-author; (3) author and more than one co-author:
chronological sequence (as in the text these will be referred to ds’).@Raference must

be complete including, in this order: author's name, initials, year of publicatierofti

article, title of the journal, volume, first and last page number of the artielé. Title
abbreviations should conform to those adoptedibtyof Serial Title Word Abbreviations
(available from International Serial data System, 20 Rue Bachaumont, 75@)ZRarce,

ISBN 2-904938-02-8).

Examples:

Paintal, A.S., 1973. Vagal sensory receptors and their reflex effects. Phgsiob3R 159-

227.

Birdsall, N.J.M., Hulme, B.C., Hamner, R., Stockton, J.R., 1980. Subclasses of muscarinic
receptors. In: Yamamura, H.l., Olsen, R.W., Usdin, E. (Eds.), Psychopharmacology and
Biochemistry of Transmitters and Receptors. Elsevier, Amsterdam, pp. 97-100.

Leiblich, I., 1982. Genetics of the Brain. Elsevier, Amsterdam, 492 pp.
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Unpublished experimentasay be mentioned only in the text. They nmustbe included in

the list of References. Papers which have been accepted for publication but which have not
appeared may be quoted in the reference list as "in press". Personal comonmimaty

be used only when written authorization from the investigator is submitted with the
manuscript. They must not be included in the list of references. All referesteesdhould

be referred to in the text and vice versa.

lllustrations

Each illustration should bear the author's name and be numbered in Arabic numgrals (F
1, Fig. 2, etc.), must be referred to in the text and should be accompanied by a legend
(typed with double spacing on separate pages). An illustration, together wetheaisl|

should be understandable with minimal reference to the text.

a. All illustrations should be designed to fit either a single column (7 cm) oulthiext

width (16 cm).

b. Line drawings: these should be drawn in Indian ink on white card, drawing or tracing
paper or be quality black and white prints. Line drawings should normally be aboait twic
the final size. Symbols should be used sparingly and direct labelling with anagixplic

term or abbreviation is preferred. All symbols and lettering should be large emmugh t
permit reduction.

c. Micrographs These should be mounted tim cardboard and submitted in a form
suitable for direct reproduction without reduction. The maximum space available for
micrographs is 16x19 cm. Micrographs should by carefully cropped, to leave out areas of
low information content, and they should be grouped and arranged to optimize the available
space. They should be separated by gutters of 2-3 mm and be directly labelledubthtr

with Letraset or similar lettering aids. Micrographs must haveibrasibn bar. lllustrations
and legends should not be placed sideways. The original manuscript should be
accompanied by a set of illustrations marked "For Printer". In the 4 copies péper, the
illustrations should be original photographs or good quality photocopies. (Xerox capies ar
not acceptable.

d. Specific requests for reproduction of illustrations for a particular sigeX£00%)

should be mentioned on the reverse side of the figure.

e. Colour illustrations must be approved by the editors and the extra costs of colour
reproduction will be charged to the author(s).

If, together with your accepted article, you submit usable colour figures thewié& will
ensure, at no additional charge, that these figures will appear in colour on thegveb (e.
ScienceDirect and other sites) regardless of whether or not thesaiibrstrare
reproduced in colour in the printed version. For colour reproduction in print, a limited
number of colour figures may be printed in the journal without cost, at the thscoéthe
Editor, who will make the judgement based on the academic necessity of the colour
illustrations. For further information on the preparation of the electronic artwa&s@lsee
http://www.elsevier.com/locate/authorartwork

Tables

Tables of numerical data should be typed/printed out (double spacing) on a sepaate pag
numbered in sequence in Arabic numerals (Table 1, 2, etc.), provided with a heading and
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referred to in the text as Table 1, 2, etc.
Preparation of Supplementary Material

Elsevier now accepts electronic supplementary material to support and epbance

scientific research. Supplementary files offer the author additional passstib publish
supporting applications, movies, animation sequences, high-resolution images, background
datasets, sound clips and more. Supplementary files supplied will be published online
alongside the electronic version of your article in Elsevier web produchsding

ScienceDirect: http://www.sciencedirect.com. In order to ensure tatsybmitted

material is directly usable, please ensure that data is provided in one of@munrended

file formats. Authors should submit the material in electronic format hegetith the

article and supply a concise and descriptive caption for each file. For mateddeta
instructions please visit our Author Gateway at http://authors.elsevier.com

Supplementary files can be submitted on disk; these files can be stored on 3.5 irtth diske
ZIP-disk, or CD (either MS-Windows or Macintosh).

Proofs

Authors should keep a copy of their manuscript as proofs will be sent to them without the
manuscript. Proofs will be drawn on lower-quality paper. Only printer's errordomay
corrected (clearly marked in the text with red pen and clarified in the margin), ngesha

in, or additions to, the edited manuscript will be allowed at this stage. For Rapid
Communications, in the interest of speed no proofs will be sent to the authors; proofreading
will be undertaken by the Publisher.

E-Offprints Autonomic Neuroscience: Basic and Cliniofflers e-offprints only. The
author will receive an acknowledgement letter with an offprint Form highlighhiis
change. Free paper offprints are no longer sent to the author.

Page chargeThere will be no page charge.

For complete up-to-date addresses of Editors please check the link to Editorial Board at
the beginning of these instructions.

http://authors.elsevier.com
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ANEXO C

o}

Universidade Federal de Pernambuco
Centro de Ciéncias Biologicas

Oficio n® 11/08 Recife, 08 de janeiro de 2008

Da Comiss&o de Etica em Experimentagédo Animal (CEEA) da UFPE
Para: Prof. Raul Manhéaes de Castro

Departamento de Nutrigdo - UFPE

Processo n° 018130/2007-03

Os membros da Comisséo de Etica em Experimentagdo Animal do Centro de Ciéncias
Bioldgicas da Universidade Federal de Pemnambuco (CEEA-UFPE) avaliaram a resposta de V.
Sa. referente ao primeiro parecer da CEEA sobre o projeto de pesquisa intitulado “Tratamento
neonatal com sertralina: desenvolvimento dos plexos intramurais esofagianos em
desnutridos”.

Concluimos que os procedimentos descritos para a utilizagio experimental dos animais
encontram-se de acordo com as normas sugeridas pelo Colégio Brasileiro para
Experimentagio Animai e com as normas iniemacionais estabeiecidas peio National
Health Guide for Care and Use of Laboratory Animals as quais s3o adotadas como critérios de
avaliagdo e julgamento pela CEEA-UFPE.

Encontra-se de acordo com as normmas vigentes no Brasil, especiaimente a Lei 9.605 ~
art. 32 e Decreto 3.179-art 17, de 21/09/1999, que trata da questao do uso de animais para fins

Diante do exposto, emitimos parecer favordvel aos protocolos experimentais

realizados.

Atenciosamente,
Pro!i Silene Cameiro do Nascimento
Presidente CEEA

nEeE

CCB: Integrar para desenvolver
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