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RESUMO

O Sistema Nervoso Entérico (SNE) é uma divisdoistersa nervoso autdnomo
gue regula as funcdes gastrointestinais, incluiadabsorcdo, secrecdo e motilidade. Os
neurbnios deste sistema constituem uma complexarmada populacdo que deve ser
conhecida para a compreensédo dos mecanismos elo®ha fisiologia digestiva.

A incidéncia de problemas gastrointestinais, tamma@ disfagia, desordens no
refluxo gastro-esofagico, diarréia, constipacancentinéncia fecal aumentam drasticamente
com a idade. Atualmente h4 uma emergente necessaaccompreender melhor a biologia
do envelhecimento do SNE, no intuito de traduzseesonhecimento em terapias que
melhorardo a fungéo do trato gastrointestinal eadidpde de vida de idosos.

Alteracdes na funcdo neuromuscular gastrointestieddcionada a idade,
principalmente devido a modificacdes nos neurdrdos plexo mioentérico, tem sido
demonstrada em humanos e em modelos animais, aitred associacdo dessas alteracdes
com desequilibrios nutricionais é pouco investigaianhecer as necessidades nutricionais
dos idosos em face as mudancas biologicas decesreid envelhecimento se torna
imprescindivel para a manutencdo da saude desszente parcela da populagéo.

Nesse sentido, foram conduzidos dois estudos empmtais para avaliar os
efeitos da idade e de uma dieta hipoprotéica sobmeurbnios mioentéricos do intestino de
ratos. Com este objetivo, o ileo e o colo proxidelratos WistarRattus norvegicysforam
coletados e submetidos a elaboracdo de preparaglasedhbrana imunomarcados com
anticorpo anti-miosina-V para andlise morfoquatitiga neuronal. A proteina motora
miosina-V estad envolvida com a dindmica das menamatransporte axoplasmatico e
liberacdo de neurotransmissores, permitindo aifiteagdo da populagdo mioentérica total

Considerando que os neurbnios mioentéricos sadmmeépeis pela inervacéo
intrinseca da parede intestinal, também se reabzinclusdo em parafina e processamento
histolégico do colo proximal para analisar morforieaimente a espessura das tunicas mucosa
e muscular externa. Para as andalises morfométutiimou-se um sistema de andlise de
imagens computadorizado (Image-Pro Plds5). Parametros que comprovaram o quadro de
restricdo protéica, tais como peso corporal, consteracdo, tamanho dos 6rgdos e dosagem
de proteinas totais, albumina e globulinas tambénani avaliados. Todos os dados
guantitativos foram analisados estatisticamente, teste t de Student (p< de 5%)).

No primeiro experimento, comparou-se 0s efeitoprdcesso de envelhecimento



sobre a area dos corpos celulares neuronais do pi@entérico nas regides antimesentérica
e intermediaria da circunferéncia ileal de animaisn 3 e 12 meses de idade (100
neurdnios/animal). Verificamos um aumento significa no tamanho do corpo celular
neuronal para os animais com 12 meses em relacGod@ao3 meses, sem diferenca
significativa entre as regides, independente dafataria considerada. O peso corporal dos
animais aumentou com o avancar da idade, porémmantzo do intestino delgado néo foi
alterado.

No segundo experimento, avaliamos o comportamerddfoquantitativo dos
neurdnios do plexo mioentérico, bem como a morfomete elementos da parede do colo
proximal de ratos com 360 dias de idade alimentaoa racdo normoprotéica (22%)
(Grupo: controle) e hipoprotéica (8%) (Grupo: reéiy protéica) durante 150 dias, a partir do
210° dia de vida. O namero de neurbnios, quantifisaem 80 campos microscoépicos, e a
morfometria do corpo celular neuronal (100 neurgfainimal), ndo apresentaram diferencas
significativas. Os animais alimentados com rac@oriotéica apresentaram menor consumo
de ragcdo, menor nivel de proteinas totais no samgdacdo no tamanho do colo proximal e
na espessura da tunica mucosa. Independente do mutnional houve manutengédo do peso
corporal médio dos ratos e da espessura da tunicscutar externa durante todo o
experimento.

As implicacdes de todos estes resultados sdo wiasutonsiderando as possiveis
alteracdes promovidas pelo envelhecimento e/ou pejdo hipoprotéica. O fator idade
promoveu aumento na area do corpo celular dos niewgr@o ileo de ratos, indicando a
necessidade de um ajuste neuronal em funcdo da deaianda funcional, associada a perda
neuronal tipica da idade. Os componentes neur@ai@o neuronais do colo proximal de
ratos com 360 dias de idade se ajustaram a condigéaional imposta, garantindo a

manutencgao de suas fungodes.

PALAVRAS-CHAVE: Envelhecimento, Intestino, Miosina-V, Neurdniosoeartéricos,

Racéao hipoprotéica, Ratos.



ABSTRACT

The Enteric Nervous System (ENS) is a division led autonomous nervous
system which controls the gastrointestinal funcjancluding the absorption, secretions and
motility. The neurons of this system constituteoamplex and varied population that must be
known for the comprehension of the mechanisms waaIn the digestive physiology.

The incidence of gastrointestinal problems, sucllysphagia, disorders in the
gastroesophagic reflux, diarrhea, constipation &whl incontinence increase with age.
Nowadays there is an emergent need in a betterrstadeing of the biology of the ENS
aging, in order to translate this knowledge in &pérs that will improve the function of the
gastrointestinal tract and the life quality of elgle

Alterations in the gastrointestinal neuromusculanction related to age, mainly
due to modifications in neurons of the myenteriexpk, have been demonstrated in human
and animal models, however, the association ofethe®difications with nutritional
disbalance is few investigated. Knowing the nwinél needs of elderly ad the biological
changes due to aging is very important to the hea#intenance of this growing population.

In this way, two experiments were conducted in ptdeevaluate the age effect
and an hypoproteic diet on the neurons of the neyenplexus in intestine of rats. Being that
the aim, the ileum and proximal colon of Wistarsr@®attus norvegicyswere collected and
submitted to elaboration of whole-mount preparationmunostained with the antibody anti-
myosin-V for neuronal morphoquantitative analy3ise motor protein myosin-V is involved
with the membranes dynamic, axoplasmatic transgaitneurotransmitters release, affording
the identification of the total myenteric populatio

Considering the neurons are also responsable éomthnsic innervations of the
intestinal wall, it was performed the paraffin msibon and histological processing of the
proximal colon to morphometrically evaluate theckimess of the mucous layer and external
muscular layer. For the morphometric analysis iswaed a computerized system of image
analysis (Image-Pro Pftist.5). Parameters that agreed with the pattermai&je restriction,
such as body weight, food intake, organs size ayghgk of total proteins, albumin and
globulins were also evaluated. All the quantitatilaga were statistically evaluated, trough
test t of Student (p< 5%).

In the first experiment, it was compared the effent the aging process on the

neurons cellular bodies of the myenteric plexuth@antimesenteric and intermediate regions



of the ileal circumference from animals of 3 e 1@nths-old (100 neurons/animal). It was
verified a significant increase in the neurons udafl bodies in animals of 12 months if
compared to animals of 3 months-old, without argnsicant difference among regions,
independent of the age considered. The body wesglthe animals increased with age,
however the size of small intestine was not changed

In the second experiment, it was evaluated the hampantitative neurons
behavior from myenteric plexus, as well the morpbatgn of elements from the colon
proximal wall of 360 days age rats fed with nornaipic diet (22%) (Control group) and
hypoproteic diet (8%) (Proteic restriction groupiyidg 150 days, starting at 210° day of life.
The neurons number, quantified in 80 microscoitl§, and the morphometry of the neurons
cellular bodies (100 neurons/animal), did not shibary significant differences. The animals
fed with hypoproteic diet showed the least foodlket the smallest level of proteins in blood,
reduction of the proximal colon and thickness of thucous layer. Independently of the
nutritional groups there was a maintenance of therame body weight of rats and the
thickness of the external muscular layer duringwhele experiment.

The implications of these results are discussedidering the possible alterations
promoted by aging and/or by a hypoproteic diet. @ape factor promoted an increase of the
neurons cellular bodies of the ileum of rats, iatiieg the need of a neuronal adjustment due
to a higher functional demand associated to theamali loss typical of aging. The neuronal
and non-neuronal components of the proximal cofaats with 360 days fit to the nutritional

condition imposed, guaranteeing the maintenantkeaf functions.

KEY WORDS: Aging, Hypoproteic diet, Intestine, Myenteric nens, Myosin-V, Rats.
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Resumo

A incidéncia de problemas gastrointestinais aunmeeasticamente com a
idade. Alteragbes na fungcdo neuromuscular gasestingl relacionada a idade tem sido
demonstrada em humanos e em modelos animais, estafoalteraces atribuidas em parte, a
morte dos neurbnios entéricos, fato este que paae b modificagBes no corpo celular dos
neurdnios remanescentes. Este estudo analisaitus efe processo de envelhecimento sobre
a area dos corpos celulares neuronais do plexonb@éideo nas regides antimesentérica e
intermediaria da circunferéncia ileal de ratos WfigRattus norvegicyscom 12 meses de
idade em comparac¢do com animais de 3 meses. @dganimais foi removido e submetido
a elaboracdo de preparados de membrana imunomarcadoanticorpo anti-miosina-V. A
partir dos preparados de membrana foram realizaslasalises morfométricas com o auxilio
de um sistema de analise de imagens computadorizamn posterior distribuicdo dos
neurdnios em intervalos de classe de 106. jAmmorfometria dos corpos celulares revelou
um aumento significativo no tamanho dos neurdniagentéricos miosina-V imunoreativos
para os animais com 12 meses em relacdo aos deeks nentretanto, ndo houve diferenca
significativa entre as regides, independente deafaiaria considerada. As implicacdes desses
resultados em relagcdo ao aumento do peso corptalanho do intestino delgado,
organizacdo geral do plexo mioentérico, método decagdo neuronal e 0os possiveis fatores

envolvidos na regulagéo e/ou controle do volumecéasdas nervosas com o avancar da idade

sdo discutidos.

Palavras-chaveenvelhecimento, ileo, miosina-V, plasticidade peat, plexo mioentérico,

ratos, tamanho neuronal



Introducgéo

O processo de envelhecimento pode envolver mudaesasiturais e
funcionais do trato gastrointestinal tais como:ugg&b na frequéncia e amplitude dos
movimentos peristalticos, reducdo na digestdo erefis de nutrientes e na imunidade dos
intestinos de pessoas idosas. Segundo Hall (200a)e (2002) e Wade e Cowen (2004)
muitas desordens gastrointestinais se tornam mamum@s com 0 avancar da idade,
especialmente as disfungbes motoras.

Como o Sistema Nervoso Entérico do trato gastrstinizd € responsavel
por coordenar e integrar as atividades motorastintgs, varios estudos tem sido realizados
neste sistema para estabelecer uma etiologia gadesordens motoras que acometem o0s
idosos. Os neurdnios do plexo mioentérico, locdbzaentre a camada circular e longitudinal
da tunica muscular, sdo os moduladores motores esaiglados. Progressiva reducdo no
namero destes neurénios com o avancar da idade f@latadas no es6fago, (Meciano-Filho
et al. 1995) estdbmago, (El-Salhy et al. 1999) timiesdelgado, (Santer e Baker 1988; Gabella
1989; El-Salhy et al. 1999; Cowen et al. 2000; Iipisile Powley 2001; Phillips et al. 2003,
2004) e intestino grosso (Santer e Baker 1988; Gomteal. 1997; El-Salhy et al. 1999;
Phillips e Powley 2001; Phillips et al. 2003, 20@4) cobaias, ratos, camundongos e seres
humanos, fato que poderia estar implicado nas mSies motoras decorrentes do
envelhecimento.

Além da perda neuronal, mudancas na organizacguedo mioentérico e
no tamanho intestinal sdo observadas durante gé@mse (Gabella 1971; Dunlap et al. 1988;
Gabella 1989; Amenta 1993; Santer 1994; Johnsah &098; Schafer et al. 1999; Cowen et
al. 2000; Phillips e Powley 2001; Phillips et a003, 2004). Analises morfométricas dos
corpos celulares neuronais do plexo mioentérico tewelado um aumento no tamanho

neuronal associado a idade no intestino delgadmssg de ratos (Gabella 1971; Santer e



Baker 1988; Schafer et al. 1999; Cowen et al. 2@01tlips et al. 2003) e no esbéfago de
humanos (Meciano-Filho et al. 1995), o que demaratextraordinaria capacidade plastica

neuronal no tecido nervoso completamente difereocia



Para este experimento foram utilizados segmentdgaae 10 ratos Wistar
(Rattus norvegicys machos, provenientes dBiotério Central, mantidos em gaiolas
individuais em sala com temperatura constantanalbeia de ciclos de iluminacao de claro e
escuro de 12 horas, recebendo racdo padronizadargedores NUVILAB-NUVITAL® e
aguaad libitum

Apbés serem anestesiados intraperitonealmente coaopeifital sédico
(Thionembutdl) (40mg/kg do peso corporal), cinco animais comeéses e cinco com 12
meses de idade foram mortos, com realizacao deolapaia, perfusédo, retirada e mensuracao

do intestino delgado, sendo coletado especificaaneiieo.

Imunohistoquimica para o plexo mioentérico

O anticorpo escolhido, anti-miosina-V, recentemeniEscrito para a
imunomarcacao de neurdnios do sistema nervosoi@n{&rengk et al. 2000) € especifico e
tem a vantagem de marcar exclusivamente neurdés@ssd@rial, motor ou interneurbnio) e
seus prolongamentos.

Os animais foram perfundidos com solucéo salinal(@ de peso corporal)
seguida por solucéo fixadora contendo 10 mM deogato de sédio, 75 mM de lisina, 1% de
paraformaldeido em 37 mM de tampao fosfato, pH Ifédiatamente apos a perfusdo, cada
ileo foi removido e a solucdo de fixacao foi suageta injetada dentro do limen. Depois de
aplicar ligaduras para manter a distensdo, as esofstram poés-fixadas na mesma solugéo
por aproximadamente 1 h, desidratadas em etanb,(50%, 80%, 90%, 95% e 100%),
clareadas em xilol, reidratadas em etanol (100%4, #0%, e 80%) e armazenadas em etanol
70%. Os fragmentos do ileo foram abertos ao lorbatda mesentérica e dissecados sob
estereomicroscopio com trans-iluminacdo atravésetlaocdo da tUnica mucosa e tunica

submucosa, obtendo-se preparados totais da tunisautar contendo o plexo mioentérico.



Os tecidos foram lavados quatro vezes em PBS (Q0,AHW,4) e bloqueado por 1h em PBS
com 2% de BSA, 2% de soro de cabra e 0,5% de TXt@00 em temperatura ambiente. A
imunomarcacao ocorreu com a incubacéo dos tecio3,& pg/ml de anticorpo purificado

por afinidade especifica para o dominio cauda rhédianiosina-V (Espreafico et al. 1992;

Buttow et al. 2003), diluido em PBS com 2% de B3%, de soro de cabra e 0,1% de Triton
X-100 em temperatura ambiente e sob agitacdo (24Apg9s a incubacdo, os fragmentos
foram lavados duas vezes em PBS com 0,1% de TXitt00 e duas vezes em PBS com
0,05% de Tween 20. Em seguida, os tecidos forambadns com anticorpo secundario

conjugado com peroxidase por 24 h em temperatulbseate sob agitacdo e lavados quatro



Andlise estatistica
Os dados morfométricos obtidos foram analisados pelteste “t” de
Student, com nivel de significancia de 5%. A anabs estatistica foi conduzida no

programa estatistico GraphPad Prisri (GraphPad Software, Inc.).

Resultados
Peso corporal e comprimento do intestino delgado

Verificamos que 0s animais com 12 meses apresemtamra aumento
significativo no peso corporal quando comparadoaam®ais de 3 meses (3 meses: 404,50 +
21,21 g; 12 meses: 465,80 = 40,52 g), entretantongprimento do intestino delgado néo foi

alterado com o envelhecimento (3 meses: 127,890&@n; 12 meses: 124,50 + 11,05 cm).

Neurdnios mioentéricos miosina-V imunoreativos

Independente da regido da circunferéncia ilealaiddde dos animais (3 e
12 meses), a disposicéo geral do plexo mioentédcofoi alterada, sendo que os neurdnios
mioentéricos miosina-V imunoreativos apresentaranagrupados em ganglios formando
malhas predominantemente retangulares intercorsectgubr fibras (Figura la e 1b).
Verificamos que os neurdnios presentes nos ganglimstraram-se diferenciados quanto a
intensidade da imunomarcag&o neuronal em ambasxas ftarias, no entanto os neurdnios
dos animais com 12 meses apresentaram marcacacaceditiada e fibras nervosas mais
evidentes (Figura 1c e 1d).

A distribuicdo dos neurdnios em intervalos de eates10Qum? nas regides
antimesentérica e intermedidria dos animais com &€ses de idade demonstrou uma

variabilidade na area do corpo celular de 61,5078 % pm, apresentando uma maior



percentagem de neur6nios variando de 101 a 200epmambas as regides (Figura 2), j& nos
animais com 12 meses a area variou de 86,72 a818{ sendo que o predominio neuronal
para a regido antimesentérica foi no intervalo @4 2 300 pMm enquanto para a
intermediaria foi de 101 a 200 AffFigura 3).

A média total da é&rea celular entre as idades @avehumento
estatisticamente significativo do corpo celular m@al no ileo dos animais com 12 meses,
entretanto ndo houve diferenca significativa ewmiseregides, independente da faixa etaria
considerada (Tabela 1). Ao compararmos 0s neurd@uossanimais com 3 e 12 meses de
idade, considerando as duas regides, verificamosvitiente aumento de neurdnios maiores

do que 201 pfnos animais mais velhos quando comparado aos iarjowens (Figura 4).

Discussao

A comparacdo do peso corporal entre os animaislukss faixas etérias (3 e
12 meses de idade), demonstrou aumento significateste parametro nos animais mais
velhos em relacdo aos jovens, fato que pode s#rgado pelo crescimento do animal com o
avancar da idade. De acordo com Phillips e Povid89X), o peso corporal varia com a idade,
sendo que o0s ratos continuam a ganhar peso at&irapdamente 21 meses, declinando
rapidamente ap0s esta idade.

Contrariamente ao peso corporal, o0 comprimento donitestino delgado
manteve-se inalterado nos animais de 3 e 12 mesesidade. Resultado semelhante foi

observado por Phillips e Powley (2001) em estudomaatos nas idades de 3, 12, 21, 24 e



interferir no comprimento intestinal levando a um gadativo aumento, no entanto o
mesmo ocorreria em idades mais avancadas para rat@Bunlap et al. 1988; Johnson et
al. 1998; Pnhillips et al. 2003, 2004) e cobaias (KBdla 1989), o que contraria as
afirmacgdes de Stump (1999)Segundo este autor o envelhecimento leva a uma redio

no tamanho dos érgdos e ndo a um aumento, devidorgnor taxa metabdlica verificada

com o evolver da idade.

Neurdnios mioentéricos miosina-V imunoreativos

Dentre as diferentes técnicas existentes para aagé#o de populacbes
mioentéricas, o0 emprego do método de imunolocdzaa proteina motora miosina-V véem
se destacando atualmente na literatura cientffioengk et al. (2000), Buttow et al. (2003) e
Zanoni et al. (2005) séo alguns dos trabalhos tlizasam este método.

Segundo Hasson e Mooseker (1997) e Langford e Malyx (1998), nas
células nervosas, esta proteina pode ser encontléerminais pré-sinapticos, organelas
envoltas por membrana e junto a membrana plasmdiaeece estar relacionada com a
dindmica das membranas (endocitose e exocitos@gsprte axoplasméatico e liberacdo de
neurotransmissores, sendo, por isso, consideraddeimento Util e preciso para a marcacao e
investigacdo morfoquantitativa neuronal.

Os preparados de membrana marcados pelo métodmhistoguimico
para a miosina-V deste estudo, demonstram quepasilifio geral do plexo mioentérico foi
mantida com o avancar da idade. Nado houve variacdi@ as regides antimesentérica e
intermediaria da circunferéncia ileal, os neurbnasentéricos encontravam-se agrupados
em ganglios interconectados por fibras e formandthas predominantemente retangulares
em ambas as idades investigadas (3 e 12 meses).

Santer (1994) estudando o intestino delgado de @m 4, 24 e 30 meses



de idade verificou, assim como nés, que o padrapled@ foi preservado durante o processo
de envelhecimento. Entretanto, resultado divergémtebservado por Gabella (1989), que

verificou mudancgas na estrutura e formato dos g#sgl arquitetura dos plexos no intestino
delgado de cobaias com idade entre 26-30 mesesl@uzomparado a animais com 3-4

meses. O autor destaca a existéncia de maior sépaeatre os ganglios e poucos ganglios
por area nos animais mais velhos, atribuindo edifesencas a reorganizacdo estrutural
necessaria para acomodar os elementos remanesdentegdo a garantir as propriedades
fisioldgicas, visto que o envelhecimento levarj@eada neuronal.

Ao compararmos a intensidade da marcacao neurom@ as diferentes
idades, observamos uma heterogeneidade na colodagdoeurdonios em ambas as faixas
etarias. Constatamos uma marcacao mais evidenteenw8nios e fibras nervosas do plexo
mioentérico do ileo dos animais mais velhos (12esleguando comparado aos jovens (3
meses).

Apesar da utilizacao de diferentes marcadores naig,omaior intensidade
de coloracdo associada a idade foi observada pafe&cet al. (1999) no duodeno e colo de
ratos, ressaltando que a intensidade da coloragdioocazul cuprolinico (populagéo total),
varia de acordo com a idade e 0 segmento intestjpahto maior a maturidade, maior sera a
intensidade da coloracdo. Santer (1994) estudasts com 4, 24 e 30 meses, verificou
maior intensidade nas fibras nervosas na sub-ppguldNADPH-diaforase do plexo
mioentérico dos animais mais velhos.

Considerando o método empregado neste estudo (lowafigacdo da
proteina motora miosina-V), a heterogeneidade neansidade da coloragdo neuronal
observada em ambas as faixas etarias, poderiairdiferentes niveis de atividade neuronal
(Drengk et al. 2000). A marcacéo mais evidentengsonios e fibras nervosas dos animais

com 12 meses, poderia estar associada a um aumeratvidade celular e expressdo da



miosina-V que estaria ocorrendo no plexo mioemédiestes animais quando comparado aos
de 3 meses de idade.

Azevedo et al. (2004) estudando a expressdo da inad's no
desenvolvimento embrionario do sistema nervoso idBnpos, constataram um crescente
aumento na expressao da miosina-V durante os vésidgios da embriogénese. Este fato
indicaria seu papel geral na fungdo neuronal e detraria sua expressdo temporal e sitio-
especifica nas células nervosas, dai sugerinda gxeressao da miosina-V esté relacionada
com o seu recrutamento para tarefas celulares iéspec ou seja, depende da demanda
celular. Esse padrao temporal distinto na expredgsdmiosina-V também foi descrito por
Calliari et al. (2002) no processo de regeneragdaedvo ciatico apds injuria nervosa.

Consideramos que o aumento na intensidade da rdarceuronal e das
fibras nervosas nos animais com 12 meses de idatiearia uma adaptacdo dos neurbnios a
uma nova situacao: as alteracdes celulares proa®ydlo envelhecimento. Estas poderiam
conduzir a uma maior mobilizagdo de componentewdetulares, como por exemplo, o
aumento no transporte de neurotransmissores daojelv suprir a atividade funcional de
possiveis perdas neuronais que tenham ocorrido acadade. Inferimos, portanto, que a
proteina miosina-V estaria envolvida com as mudarglasticas que acontecem ndo sé
durante o desenvolvimento, fato ja relatado poellTiet al. (2003) para a miosina-V do
cérebro de ratos, mas também em decorréncia dtheniraento.

Com relacdo ao tamanho neuronal, verificamos queésas obtidas para
as regibes antimesentérica e intermediaria da rdecéncia do ileo ndo diferiram
estatisticamente em nenhuma das faixas etariastigadas (3 e 12 meses), fato que
possibilitou a manutengéo na distribuicdo neurenttie essas duas regides.

Resultado semelhante foi obtido por Miranda-Netoakt (2000), que

analisaram o tamanho neuronal nessas mesmas relgi@ksdeno de ratos com 7 meses de



idade, e também né&o obtiveram variacdes signifiaatpara o tamanho do corpo celular.

Apesar da existéncia de diferencas na densidagédedo mioentérico entre
as regibes da circunferéncia intestinal (Santer4198iranda-Neto et al. 2001), nossos
resultados demonstram uma manutencdo na médiaedasdos corpos celulares, bem como
na distribuicio dos neurdnios em intervalos deselate 10Qum? no ileo de todos os animais,
entre as diferentes regides.

Apesar da manutencdo no tamanho e distribuicAoconauentre as duas
regides confrontadas, o que permitiu a somatériadias regides, a comparacdo da média
das &areas neuronais entre os animais com 3 e 1&srdesidade, revelaram que houve um
aumento na &rea do corpo celular neuronal commgavala idade.

O aumento no corpo celular de neurdnios mioentgritoante o processo
de envelhecimento, ja foi verificado por Gabell@ 1), Santer e Baker (1988), Schafer et al.
(1999), Cowen et al. (2000) e Phillips et al. (20068 intestino delgado e grosso de ratos, e
por Meciano-Filho et al. (1995) no es6fago de hursaentretanto, pouco se conhece sobre
os fatores que promovem tal crescimento com o evala idade.

Entre os fatores que promoveriam tal aumento, aguimpdteses sao
apontadas na literatura, tais como: 0 aumento ngpmento do intestino e da espessura da
tunica muscular (Gabella 1971, 1989; Meciano-Fi#toal. 1995; Schéafer et al. 1999);
reorganizagdo dos neurbnios remanescentes, inol@ntte estas mudancas, o crescimento
do corpo celular em funcdo da reducdo neuronatatipia idade, garantindo seu papel
funcional (Santer e Baker 1988; Gabella 1989); @aumento no tamanho neuronal ocorreria
em funcdo do estresse e da demanda funcional setios tipos de neurbnios remanescentes
de uma gradativa perda neuronal, de modo a permisobrevivéncia e adaptacdo dos
neurdnios que restaram para suprir a manutencafinig®es intestinais (Phillips et al. 2003).

Diante das hipoteses apresentadas, e consideraadonento na area do



corpo celular dos neurénios mioentéricos miosin@aWnoreativos dos animais de 12 meses,
podemos descartar a possibilidade do aumento ngorgoemto intestinal ser o fator

desencadeante da hipertrofia neuronal, pois obtsemma manutencdo do mesmo.
Entretanto, podemos inferir que aos 12 meses dke igara ratos, ja se faz necessario um
ajuste neuronal em fungdo da maior demanda fungiangual estaria associada a perda
neuronal tipica da idade e refletida pelo maioramimo neuronal, e pela maior intensidade na

marcacao da proteina miosina-V, verificada em negperimento.
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Tabela 1.Area do corpo celular neuronalrt®) nas regides antimesentérica e intermediaria

do ileo dos animais com 3 e 12 meses de idade.(M&g)ia + desvio padrao.

Animais
Regiao 3 meses 12 meses
Antimesentérica 262,75 + 27,568 316,42 + 44,97a
Intermediaria 243,06 + 31,408 288,10 + 39,66a
Média total 252,90 + 24,943 302,26 + 39,55b

W Médias seguidas de mesma letra (vertical), ndoetiifeestatisticamente (teste t de Student, p> de 5%)
@ Médias seguidas de mesma letra (horizontal), iféicech estatisticamente (teste t de Student, p5%le
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Figura 2. Distribuicdo por tamanho dos neurdnios mioentéritinsina-V imunoreativos no
fleo dos animais com 3 meses de idade, classificado intervalos de 100 fmRegi&o

antimesentéricaa e intermediariad).



%

. . . . . . . . . -7

N N Y
R S S

Intervalos de 100 pm 2
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Abstract

The incidence of gastrointestinal problems incread®stically with age.
Alterations in the gastrointestinal neuromusculamnction related to age have been
demonstrated in human and animal models. Thesatdies are attributed partly to the death
of the enteric neurons, which can lead to changethe cellular body of the remaining
neurons. This study analyzes the effects of thegagrocess on the area of the neuronal cell
bodies of the myenteric plexus in the antimesentand intermediate regions of the ileal
circumference of Wistar ratsRattus norvegicys 12 months-old, comparing them to 3
months-old animals. The ileum of the animals wasawed and submitted to elaboration of
whole-mount preparations immunostained by the adiianti-myosin-V. We performed the
morphometric analyzes with whole-mount preparatiwitk the help of a computerized image
analyze system, with a subsequent distributioreofons in classes intervals of 1009 ffhe
cellular body morphometry revealed a significantréase in the size of the myosin-V
immunoreactive myenteric neurons of the 12 monthsnals when compared to the 3
months-old. However, there was no significant ddéfece between the regions, independent of
the age considered. The implications of those tesnlrelation to the increase of the body
weight, size of the small intestine, general orgaimon of the myenteric plexus, method of
neuronal staining and the possible factors involirethe regulation and/or controls of the

volume of nervous cells due to aging are discussed.

Key words aging, ileum, myenteric plexus, myosin-V, neuilgilasticity, neuronal size, rats

Introduction

The aging process can involve structural and fonetfi changes of the

gastrointestinal tract such as: reduction in thegdiency and amplitude of the peristaltic



movements, reduction in the digestion and absorptd nutrients and in the intestine
immunity of elderly. According to Hall (2002), Wad2002) and Wade and Cowen (2004)
several gastrointestinal disorders become more @mmith aging, especially motor

dysfunctions.

Since the Enteric Nervous System of the gastrdingddract is responsible
for coordinating and integrating the intestinali\aties, several studies have been made in this
system to establish an etiology for the motor disos afflicting the elderly. The myenteric
plexus neurons, located between the circular anditiadinal layer of the muscular layer, are
the most studied motor modulators. Progressiveatértuin the number of these neurons due
to aging have been reported in the esophagus (Meé¢idho et al. 1995), stomach (El-Salhy
et al. 1999), small intestine (Santer and Baker81%Babella 1989; El-Salhy et al. 1999;
Cowen et al. 2000; Phillips and Powley 2001; Rpsllet al. 2003, 2004) and large intestine
(Santer and Baker 1988; Gomes et al. 1997; El-Satitaf. 1999; Phillips and Powley 2001;
Phillips et al. 2003, 2004) of guinea pigs, ratg;arand human beings, a fact that could be
implicated in the current motor dysfunctions du¢he aging process.

Besides the loss of neurons, changes in the orgamzof the myenteric
plexus and in the intestinal size have been obdedweing the ontogenesis (Gabella 1971,
Dunlap et al. 1988; Gabella 1989; Amenta 1993; &al®94; Johnson et al. 1998; Schafer et
al. 1999; Cowen et al. 2000; Phillips and Powley020Phillips et al. 2003, 2004).
Morphometrical analyses on the neuronal cell bodfetie myenteric plexus has revealed an
increase in the size of neurons related to theimaghe small and large intestine of rats
(Gabella 1971; Santer and Baker 1988; Schafer. 498P; Cowen et al. 2000; Phillips et al.
2003) and in the esophagus of human beings (Medtdho et al. 1995). This demonstrates
the extraordinary neuronal plasticity capacityha tompletely differentiated nervous tissues.

Morphological and quantitative studies of the mygeiot plexus usually



study a specific segment of the digestive tube. &él@w, several authors have been pointing
out the occurrence of a variability in the neuroshahsity, which may be observed in a single
gastrointestinal segment, when different regions tlid stomach or of the intestinal

circumference are compared (Santer 1994; Fregehesi 1998; Miranda-Neto et al. 2001).

This fact should be considered of fundamental ingwe in quantitative
and morphological analyses because phylogenetic patidophysiological comparisons as
well as those related to the aging process canrtmmedusly interpreted due to random
selection of neurons along the intestinal circueriee (Miranda-Neto et al. 2000).

Therefore, taking in consideration the occurrenag@s morphologic
alterations of the myenteric plexus caused by thiegaprocess such as, variations in the area
of the cellular body, this study analyzes the ¢ffeaf the aging process on the area of the
neuronal cell bodies immunoreactive to myosin-Vtltg myenteric plexus of Wistar rats,
aged 3 and 12 months, comparing the antimeserdadcintermediate regions of the ileal

circumference.

Material and Methods
Animal treatment

All the procedures of this study regarding the w$eanimals were in
agreement with the ethical principles adopted by tBrazilian School of Animal
Experimentation (COBEA) and approved by the EthiGmmittee in Animal
Experimentation of the State University of Maringa.

For this experiment, we used the ileum segment$Oofmale Wistar rats
(Rattus norvegicys from of Central Biotery. The animals were keptindividual cages, in
room with constant temperature, with a photopewndd2 hours, receiving standard chow

NUVILAB-NUVITAL © and waterd libitum



After being anesthetized intraperitoneally with isod Thiopental
(Thionembutdl) (40mg/kg of body weight), five animals aged 3 mhsnand five aged 12
months were sacrificed. The laparotomy was perfdiniiellowed by perfusion, collection

and measurement of the small intestine, specificaé ileum.

Immunohistochemistry of the myenteric plexus

The antibody we chose, anti-myosin-V, recently dbsd for the
immunostaining of neurons from the enteric nerveystem (Drengk et al. 2000), is specific
and it has the advantage of staining only neursaasprial, motor or interneuron) and their
processes.

The animals were perfused with saline solution (lIgnbody weight)
followed fixative solution containing 10 mM sodiuperiodate, 75 mM lysine, 1%
paraformaldehyde in 37 mM phosphate buffer, pH Tdmediately after perfusion, each
ileum was removed and the fixative solution wastlganject into the lumen. After applyning
ligatures to maintain the distension, the samplesewpostfixed in the same solution as above
for 1 hr, dehydrated in ethanol (50%, 70%, 80%, 90%% and 100%), cleared in xylol,
rehydrated in ethanol (100%, 95%, 90%, and 80%) saaced in ethanol 70%. The ileum
fragments were open the mesenteric border and ctiesbainder a stereomicroscope with
trans-illumination through the removal of the mue@nd submucosa layer, thus, obtaining
whole-mount muscular layer preparations containiveg myenteric plexus. The tissues were
washed four times in PBS (0.1M, pH 7.4) and blockedL hr in PBS with 2% BSA, 2% goat
serum and 0.5% Triton X-100 at room temperaturendimostaining proceeded with the
incubation of tissues in 0.8@g/ml of affinity-purified antibody specific to theyosin-V
medial tail domain (Espreafico et al. 1992; Butteival. 2003) diluted in the PBS with 2%

BSA, 2% goat serum and 0.1% Triton X-100 at roomgerature and under shaking (24 h).



After incubation, the fragments were washed twic@€BS with 0.1% Triton X-100 and twice
in PBS with 0.05% Tween 20. Soon after, the tissua® incubated with 1Qg/ml secondary
antibody conjugated with peroxidase for 24 hoursoaim temperature under agitation and
washed four times during 15 min in PBS with 0.05%e&n 20. The immunoreaction was
developed with 0.75 mg/ml Diaminebenzidine in PBE 8.03% HO, for 10 min. Samples
were placed in a gel mounting medium containing gM¢erol, 0.07 g/ml gelatin in PBS and

2 w/ml phenol.

Neuronal morphometrical analysis
For this analysis, images of the cell bodies of sty immunoreactive

myenteric neurons of the whole-mounts preparatiwase previously taken with a high-
resolution digital camera coupled to a optical mécope Olympus BX50 with 40X objective.
We took pictures of 50 neurons in the antimesemteggion and of 50 neurons in the
intermediate region of the ileal circumference atleanimal, in a total of 250 cells per region
and 500 cells per age group. They were measurddamtof a computerized image analysis
system (Image-Pro Pffigl.5 — Media Cibernetics). Then, the neurons oheae group were
classified in class intervals of 100 firwve calculated the corresponding percentage fon ea

age and region.

Statistical analysis
The obtained morphometric data were analyzed byebe"t" of Student,
with a significance level of 5%. The statisticabbsis was accomplished in the statistical

program GraphPad PrihiGraphPad Software, Inc.).

Results



Body weight and length of the small intestine

We observed that the animals aged 12 months pezsentsignificative
increase in their body weight when compared ta3ttmonths-old animals (3 months: 404.50
+ 21.21 g; 12 months: 465.80 + 40.52 g). HoweJag, length of the small intestine was not

altered by age (3 months: 127.80 = 3.96 cm; 12 hwrit24.50 + 11.05 cm).

Myosin-V immunoreactive myenteric neurons

Regardless of the region of the ileal circumfereocehe age of the animals
(3 and 12 months-old), the general dispositionhef mmyenteric plexus was not altered; the
myosin-V immunoreactive myenteric neurons were raged in ganglions forming
predominantly rectangular meshes interweaved bsrdifFigure 1a and 1b). We observed
that the neurons present in the ganglions wereréffitiated as for the intensity of their
neuronal staining in both age groups. Howeverntaons of the 12 months-old animals had
a more evident staining and clearer nervous fiffeicgire 1c and 1d).

The distribution of neurons in class intervals o®01pnf in the
antimesenteric and intermediate regions of the alsiaged 3 months showed a variation in
the cell body area ranging from 61.50 to 678.76,mith a larger percentage of neurons
varying from 101 to 200 pfin both regions (Figure 2). In the 12 months-ofdhaals the
area ranged from 86.72 to 813.98 quthe neuronal predominance in the antimesenteric
region ranged from 201 to 300 fimwhile in the intermediate region from 101 to 306¢
(Figure 3).

The overall mean of the cellular area between bagles showed as
statistically significative increase of the neurocall body in the ileum of the 12 months-old
animals. There was no significative difference lesw the regions, regardless of the

considered age group (Table 1). When comparingh¢hugons of the animals aged 3 and 12



months, considering the two regions, we observeeg\adent increase in the presence of
neurons with a size bigger than 2013imthe older animals when compared to the younger

(Figure 4).

Discussion

The comparison of the body weight between the asin&the two age
groups (3 and 12 months) showed a significativeemse of this parameter in the older
animals, which may be justified by the growth oé tAnimal with the age. According to
Phillips and Powley (2001), the body weight vanath age, and rats keep gaining weight
until approximately 21-months-old, losing weighstfafter reaching this age.

Unlike the body weight, the length of the smallestine remained
unaffected in both age groups. A similar result whserved by Phillips and Powley (2001) in
their study with rats aged 3, 12, 21, 24 and 27 thnld. They observed that the intestinal
length was maintained until the age of 12 montlier 21 months of age, a significative
increase in the length was observed.

Other studies reinforce the subject that the agifacould interfere in the
intestinal length leading to a gradual increasthoalgh the same would happen in later ages
for rats (Dunlap et al. 1988; Johnson et al. 19&llips et al. 2003, 2004) and guinea pigs
(Gabella 1989), contradicting the reports of Stuib@99). According to this author, aging
leads to a reduction in the organ size and nonarease, due to the smaller metabolic rate

observed with aging.

Myosin-V immunoreactive myenteric neurons
Among the different existing techniques for the irstey myenteric

populations, the use of the myosin-V motor proteamunolocalisation method is standing



out now in the scientific literature. Drengk et @000), Buttow et al. (2003) and Zanoni et al.
(2005) are some of the works that used this method.

According to Hasson and Mooseker (1997) and Langéord Molyneaux
(1998), in the nervous cells this protein can bantb in the pre-synaptic terminals, in
organellas enveloped by membrane and close tol#isenptic membrane. The protein seems
to be related to the membrane dynamics (endocytaseés=xocytoses), axoplasm transport
and neurotransmitters release, thus, being comsldaruseful and precise element for the
neuronal morphoquantitative demarcation and ingastn.

The immunostained whole-mount preparations in stigly show that the
general disposition of the myenteric plexus wasntaa&ed. There was no variation between
the antimesenteric and intermediate regions ofl¢ia circumference; the myenteric neurons
were arranged in ganglions interconnected by filagd formed predominantly rectangular
nets in both ages groups (3 and 12 months).

Santer (1994), when studying the small intestiné, &4 and 30 months-old
rats, observed (like we did) that the pattern & ftexus was preserved during the aging
process. However, a different result was obserye@dibella (1989), who noticed changes in
the ganglions structure and shape and in the aathite of the plexus in the small intestine of
guinea pigs aged from 26-30 months when compare8-4emonths animals. The author
points out the existence of larger distances betviiee ganglions and also few ganglions per
area in the older animals. He attributes theseemffces to the necessary structural
reorganization to accommodate the remaining elesnenbrder to ensure the physiologic
properties, since aging would lead to neuronal loss

When comparing the intensity of the neuronal stgretween both ages,
we observed heterogeneity in the coloration of mieerons. We noticed a more evident

staining in the neurons and nervous fibers of tlyenteric plexus of the ileum of the older



animals (12 months).

Despite of the use of different neuronal markeh)ater et al. (1999) also
observed larger coloration intensity associatethéoage in the duodenum and colon of rats.
The intensity of the Cuprolinic Blue staining (tiop@pulation) varies according to the age and
the intestinal segment; the older the animal, tleremntense will the staining be. Santer
(1994), when studying 4, 24 and 30 months-old @served larger intensity in the nervous
fibers in the sub-population NADPH-diaphorase &f thyenteric plexus of the older animals.

Taking into account the method we employed in ttigdy (immuno-
localisation of the myosin-V protein), the integsiteterogeneity of the neuronal coloration
observed in both age groups could indicate diffelerels of neuronal activity (Drengk et al.
2000). The more evident staining in the neurons @@ous fibers of the 12 months-old
animals could be related to an increase in thelleelactivity and expression of the myosin-V
that could be taking place in the myenteric plextghese animals.

Azevedo et al. (2004), when studying the expressibmyosin-V in the
embryonic development of the nervous system ofkshiooticed a crescent increase in the
expression of myosin-V during the several stageth@fembryogenesis. This could indicate
its general role in the neuronal function and woddsinonstrate its temporary and target-site
expression in the nervous cells, thus, suggeshiagthe expression of myosin-V is related to
its recruitment for specific cellular tasks, i.i.depends on the cellular demand. Calliari et al.
(2002) have also described this distinct tempoa#tigon in the expression of myosin-V in the
process of the regeneration of the sciatic neriex akrvous injury.

We considered that this increase in the stainingnsity of neurons and
nervous fibers in the 12 months-old animals woultigate an adaptation of the neurons to a
new situation: the cellular alterations promotedtiy aging process. These could lead to a

larger mobilization of intracellular componentsclsuas the increase in the transport of



neurotransmitters with the aim of covering the tiomal activity of possible neuronal losses
that may have taken place due to age. We infethedefore, that the myosin-V protein may
be involved with the plastic changes that takeelaat only during the developing stage, as
already reported by Tilelli et al. (2003) for mye4d/ in the brain of rats, but also due to
aging.

As for the neuronal size, we observed that the indtiameans for the
antimesenteric and intermediate regions of themlezircumference were not statistically
different in any of the investigated age groupsa® 12 months), which allowed the
maintenance of the neuronal distribution betweesdhwo regions.

A similar result was obtained by Miranda-Neto et (@000) when they
analyzed the neuronal size in those same regiotteeafuodenum of 7 months-old rats. They
also did not find significative variations for thell body size.

Despite the existing differences in the densitytloed myenteric plexus
between the intestinal circumference regions ($ab®4; Miranda-Neto et al. 2001), our
results show that the means of the cell body aseaedl as the distribution of the neurons in
class intervals of 100 pfin the ileum of all animals were maintained, amaomg different
regions.

Although the size and distribution neuronal betwéle® two confronted
regions were maintained (which allowed adding the tegions), the comparison of the mean
of the neuronal areas between the 3 and 12 motdhsaonals revealed there was an increase
in the area of the neuronal cell body due to age.

The increase in the cell body of myenteric neurtm®ugh the aging
process was already observed by Gabella (1971)eiSand Baker (1988), Schafer et al.
(1999), Cowen et al. (2000) and Phillips et al.0@0in the small and large intestine of rats,

and by Meciano-Filho et al. (1995) in the esophaglisiuman beings. However, little is



known about the factors responsible for such gromith age.

Among the factors that could lead to such increttse Jiterature mentions
some hypotheses, such as: the increase in thénlehgte intestine and of the thickness of the
muscular layer (Gabella 1971, 1989; Meciano-Fillhcale 1995; Schafer et al. 1999); the
reorganization of the remaining neurons — includimggrowth of the cellular body due to the
neuronal reduction common with age, ensuring itethional role (Santer and Baker 1988;
Gabella 1989); or the increase in the neuronal s&e@onal — would take place due to the
stress and to the functional demand on certainskmfdneurons remaining from a gradual
neuronal loss, thus, allowing the survival and &afagn of the remaining neurons to help the
intestinal functions maintenance (Phillips et @032).

Taking in consideration the hypotheses presentedtia@ increase in the
area of the cell body of the myenteric neurons imomaactiveby myosin-V of the 12
months-old animals, we can dismiss the possibdityhe increase in the intestinal length as
the triggering factor of the neuronal hypertropfoy, our results showed they did not change.
However, we can infer that rats at 12 months of @gesady need a neuronal adjustment due
to the larger functional demand, which might beoasded to the age-related neuronal loss
and is shown by the larger neuronal size, and éyatyer intensity in the staining by myosin-

V protein, observed in our experiment.
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Table 1 Area of the neuronal cell bodyrt?) in the antimesenteric and intermediate regions

of the ileum of animals aged 3 and 12 months (nM&ans + standard deviation.

Animals
Region 3 months 12 months
Antimesenteric 262.75 + 27.58& 316.42 + 44.97a
Intermediate 243.06 + 31.488 288.10 + 39.66a
Total mean 252.90 + 24.9%4 302.26 + 39.55b

@ Means followed by the same letter (vertical), doat statistically differ (test t of Student, p> 5%)
@) Means followed by the same letter (horizontal), daot statistically differ (test t of Student, p> 5%
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Figure 3. Distribution by size of myosin-V immunoreactive emgeric neurons in the ileum
of the animals aged 12 months, classified in irtlsnof 100 prh Antimesenteric ) and
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Resumo
O objetivo deste trabalho foi analisar o comportaimenorfoquantitativo

dos neurdnios do plexo mioentérico, bem como aonezfria de elementos da parede do colo
proximal de ratos WistaR@ttus norvegicysalimentados com ragdo normoprotéica (22%) e
hipoprotéica (8%) mortos aos 360 dias de idadea Baaliacdo neuronal foram utilizados
preparados de membrana do colo proximal imunomascadm anticorpo anti-miosina-V. Os
neurbnios foram quantificados em 80 campos micqusod (16,98 mmz2/animal) e a
morfometria do corpo celular neuronal realizadal®® neurénios/animal. Amostras do colo
proximal, apés pesagem e mensuracdo de seu compointambém foram submetidas a
processamento histologico de rotina. Em seguidaanfo coradas pelo método de
hematoxilina-eosina para realizacdo de andaliseam@tirica das tinicas mucosa e muscular
externa. O namero de neurdnios e a morfometriaodooccelular neuronal ndo apresentaram
diferencas significativas entre os grupos estudad®sducdo significativa no peso,
comprimento do colo proximal e espessura da timgeosa foram observados nos animais
alimentados com racdo hipoprotéica quando comparaol® alimentados com racdo
normoprotéica. Concluiu-se que os componentes naisr@ ndo neuronais do colo proximal

se ajustaram a condicao nutricional imposta, ga@mta manutencdo de suas funcdes.

Palavras-chave:racdo hipoprotéica; neurdnios mioentéricos; codoximal; morfometria

intestinal; miosina-V; envelhecimento

1. Introducéo
O plexo mioentérico, um dos principais componenizsSistema Nervoso

Entérico, é formado por uma rede de ganglios, d&igso em fileiras regulares e

interconectadas por fibras nervosas, as quais teadesn do esdfago ao canal anal. Esta



localizado entre a camada circular e longitudireakt@hica muscular externa e exerce papel
fundamental no controle da motilidade intestinateracdes no plexo mioentérico podem
resultar no desenvolvimento de diversas patolaggssrointestinais, decorrente muitas vezes
de desequilibrios nutricionais.

Como a maioria das reacdes biomoleculares requeareicipacdo de
proteinas, é esperado que cada célula e cada fecgdam ser afetados quando sujeitos a
condicbes de caréncia protéica (Deo, 1978). Nonémtaa resposta celular a deficiéncia
protéica € tempo-dependente, isto €, depende dodpeem que se inicia uma situagdo de
caréncia nutricional, e a duracdo deste periodmérisyah et al., 1989).

Estudos das alterac6es causadas pela restric@icprebbre a morfologia e
fisiologia do sistema nervoso justificam-se, ja @ste sistema é constituido por tecido de
baixo indice de renovacgéo celular e mudancas nceerajnfiorma ou fungbes dessas células
podem levar a alteracdes drasticas no organismo, (D@78). A utilizagcdo de ratos como
modelo experimental no estudo dos neurénios dems@tnervoso entérico frente a situacoes
de restricdo protéica em diferentes fases do dekeémento animal, principalmente nas fases
de gestacao e lactagéo (Natali e Miranda-Neto, ;19@@&nda-Neto et al., 1999; Brand&o et
al., 2003) e em fase adulta (Araujo et al., 200&aNl et al., 2003) é frequente, sendo, porém,
escassos os trabalhos com idades mais avangadas.

De acordo com Mitchell et al. (1978), as necessdagrotéicas nao
diminuem com a idade, e o requerimento de certaso@tidos, com o passar do tempo, pode
ser ainda maior para “compensar” as alteracfesofinais do organismo. Ressaltam também
que a principal alteracéo fisioldégica decorrentgodiresso de envelhecimento € a reducao do
namero de células funcionantes, o que resultarileptiddo dos processos metabdlicos.

O plexo mioentérico atua sobre a parede intestigaiglo a tinica muscular

o tecido-alvo responsavel pela manutencdo, deseémanito e plasticidade deste plexo



(Saffrey e Burnstock, 1994). As variacdes sao catemtes a ocorréncia de modificacdes
nos 6rgaos por eles inervados. Esta plasticidadesnarestringe aos periodos iniciais do
crescimento do corpo, mas persiste no tecido neremsnpletamente diferenciado, com
potencial para promover aumento ou reducdo do wlcefular neuronal a niveis desejados,
dependendo de diferentes condicdes (Gabella, 1@®r)sideramos que avaliar os neurbnios
mioentéricos frente a situagfes de restricdo m@@@ssociado ao processo de envelhecimento
nos propiciard um excelente campo de investigagdplasticidade neuronal, bem como o
comportamento das tanicas intestinais.

No estudo do plexo mioentérico utilizamos a técrimanohistoquimica
contra o dominio cauda medial da miosina-V. As m&s ndo-convencionais sdo uma
superfamilia de motores ligados a actina respoisg@ee uma rica variedade de eventos de
motilidade intracelular. A imunolocalizacdo da nmasV tem sido utilizada em preparados
totais de membrana do plexo mioentérico e submudesatos (Drengk et al., 2000; Buttow
et al., 2003; Zanoni et al., 2003; Buttow et ab0p£2; Zanoni et al., 2005), a qual permite a
identificacdo de toda a populacéo neuronal do piewentérico (Drengk et al., 2000).

Desta forma, o0 presente estudo tem como objetivaalisan
morfoquantitativamente os neurénios mioentéricassma-V imunoreativos e a morfometria
de elementos da parede do colo proximal de ratatavwem processo de envelhecimento,

alimentados com rag&o hipoprotéica.

2. Material e Métodos
2.1. Tratamento Animal

Todos os procedimentos deste estudo que envolvaeumsoode animais
estiveram de acordo com o0s principios éticos adstapelo Colégio Brasileiro de

Experimentacdo Animal (COBEA) e aprovados pelo @®nde Etica em Experimentacio



Animal da Universidade Estadual de Maringa.

Foram utilizados ratos WistaRéttus norvegicus)nachos, distribuidos em
dois grupos:Controle: Alimentados com racdo padronizada para roedorS8JVILAB-
NUVITAL ® (recomendada pelo National Research Council & ddali Health Institute -
USA) com teor protéico de 22%Restricdo protéica:Alimentados com dieta com teor
protéico de 8%, obtida a partir da adicdo de ard@milho & racdo NUVILAB (Natali et al.,
2000), durante 150 dias, a partir do 210° dia d@la.vEssa ragcédo foi suplementada com
vitaminas hidrossolaveis do Complexo B e mistudanaa/American Institute of Nutrition,
1977; Natali e Miranda-Neto, 1996; Natali et al00Q, 2003, 2005). Os animais foram
mantidos em gaiolas individuais com iluminagao ldeoce escuro de 12 horas e temperatura
de 22 £ 2 °C. A oferta de racdo e aguafblibitum

O peso corporal dos animais foi verificado mensatee o consumo da
ragdo controlado durante uma semana/més. Esteolontinsistia em oferecer 100 gramas
diarias de ragéo para cada animal e pesagem desssobtendo desta forma, o consumo
diario de cada animal.

Aos 360 dias de idade, os animais foram pesadosnestesiados
intraperitonealmente com Tiopental sédico (ThioneraB) (40mg/kg do peso corporal),
seguido de coleta de sangue por puncgéo cardiagapirysagem de proteinas totais (Método
do Biureto - LABTEST), albumina (Verde de Bromocresol - LABTEQTe globulinas.
ApoOs realizacdo de laparotomia e perfusdo com &olsalina e fixadora, o colo proximal
(caracterizado pelo término da ampola ileo-cecmwadhté o desaparecimento de pregas
obliquas da mucosa) foi coletado, mensurado e pefadte das amostras foram destinadas a

elaboracdo de preparados de membrana e parterpaesgamento histologico de rotina.

2.2. Imunohistoquimica para o plexo mioentérico



O anticorpo escolhido, anti-miosina-V, recentemenEscrito para a
imunomarcacao de neurbnios do sistema nervosoi@n{@rengk et al., 2000) é especifico e
tem a vantagem de marcar exclusivamente neurés@ssd@rial, motor ou interneurbnio) e
seus prolongamentos.

Os animais foram perfundidos com solucéo salinal(@ de peso corporal)
seguida por solucéo fixadora contendo 10 mM deogato de sédio, 75 mM de lisina, 1% de
paraformaldeido em 37 mM de tampéao fosfato, pH. Trd@diatamente apds a perfuséo, cada
colo proximal foi removido e a solucdo de fixacdosuavemente injetada dentro do lGmen,
distendendo a tunica muscular. Depois de apliggadiiras para manter a distensdo, as
amostras foram pdés-fixadas na mesma solucédo poxia@damente 1 h, desidratadas em
etanol (50%, 70%, 80%, 90%, 95% e 100%), clareadasilol, reidratadas em etanol (100%,
95%, 90% e 80%) e armazenadas em etanol 70%. @®drdaos do colo foram abertos ao
longo da borda mesocdlica e dissecados sob estieresodpio com trans-iluminacao atraves
da remocgédo da tunica mucosa e tunica submucosandibse preparados totais da tanica
muscular contendo o plexo mioentérico. Os tecidoanfi lavados quatro vezes em PBS (0,1
M, pH 7,4) e bloqueado por 1h em PBS com 2% de BSA,de soro de cabra e 0,5% de
Triton X-100 em temperatura ambiente. A imunomaioagcorreu com a incubacéo dos
tecidos em 0,89 pg/ml de anticorpo purificado goridade especifica para o dominio cauda
medial da miosina-V (Espreafico et al., 1992; Buwttet al., 2003), diluido em PBS com 2%
de BSA, 2% de soro de cabra e 0,1% de Triton X-&00temperatura ambiente e sob
agitacdo (48 h). ApOs a incubagédo, os fragmentenfdavados duas vezes em PBS com
0,1% de Triton X-100 e duas vezes em PBS com 0@&%ween 20. Em seguida, os tecidos
foram incubados com anticorpo secundario conjugadm peroxidase por 24 h em
temperatura ambiente sob agitacdo e lavados queres durante 15 minutos em PBS com

0,05% de Tween 20. A imunoreagéao foi revelada cofd eng/ml de Diaminobenzidina em



PBS e 0,03% de #, por 10 minutos. As amostras foram montadas em mem gel

contendo 50% de glicerol, 0,07 g/ml de gelatinaRB® e 2ul/ml de fenol.

2.2. Analise quantitativa e morfométrica neuronal

A quantificagdo dos neurdnios mioentéricos miosin&- imunoreativos
foi realizada em 80 campos microscoépicos aleatériake cada animal, considerando as
regides intermediaria e antimesocélica (Miranda-Net et al.,, 2001), com auxilio do
microscépio de luz (Olympus BX41) e objetiva de 40X0Os meios neurdnios observados
foram contados em campos alternados. A area de cadampo microscopico foi de
0,2123 mn3, perfazendo uma 4rea total de 16,98 nimOs resultados foram expressos em
cm?.

Na analise morfométrica o corpo celular de 800 cdhs miosina-V
imunoreativas do colo proximal, 400 células por gmo, foram aleatoriamente
mensuradas nos preparados de membrana com auxilioedum sistema de analise de

imagem (Image-Pro Plu§ 4.5 - Media Cibernetics). Os neurdnios foram clagicados

quanto ao tamanho em intervalos de classe de 1007

2.4. Procedimento histoldgico e analise morfomédrida parede intestinal

ApOGs serem lavadas em solucdo salina, amostrasoldo pcoximal dos
animais de cada grupo foram fixadas em formol a 1@%ponado (pH 7,3), desidratadas em
série ascendente de alcoois, diafanizadas emexiladluidas em parafina, para a obtencao de
cortes histologicos de 7um de espessura, 0s quasnmf corados pelo método de
hematoxilina-eosina (H.E.).

Os cortes foram utilizados na avaliacdo morfom&tda tunica mucosa

(desde o apice da cripta até a muscular da muedsamjca muscular externa (40 medidas por



animal), através do sistema de anélise de imagesag@-Pro PIf54.5 - Media Cibernetics)

com os resultados expressos @m

2.5. Analise estatistica
Os dados quantitativos obtidos foram analisados pelteste “t” de
Student, com nivel de significancia de 5%. A anakbs estatistica foi conduzida no

programa estatistico GraphPad Prisri (GraphPad Software, Inc.).

3. Resultados
3.1. Tratamento Animal

Independente do grupo nutricional houve manuterd@gpeso corporal
médio dos ratos apés 150 dias de experimento (@en#65,8 + 40,52 g; Restricdo protéica:
443,3 + 54,28 g), apesar de reducao significatv@onsumo de ragdo dos animais do grupo
com restricdo protéica. Estes valores sdo aprekente Tabela 1 e correspondem a média de
consumo durante 7 dias em cada més durante 5 nagsagjr de 210 dias.

Com relacdo aos parametros sanguineos avaliadificaraos que o nivel
de proteinas totais apresentou-se significativaeneeduzido no grupo com restricao protéica
(6,29+ 0,23 g/dl) quando comparado ao grupo controlel(¥,2,60 g/dl), no entanto, o nivel
de albumina (Controle: 3,39 0,37 g/dl; Restricdo protéica: 3,510,54 g/dl) e globulinas
(Controle: 3,84 0,71 g/dl; Restricdo protéica: 2,#8,56 g/dl) ndo apresentaram diferencas

estatisticamente significantes entre os grupos.

3.2. Quantificagédo e morfometria dos neurdnios miéricos miosina-V imunoreativos
A utilizacdo do método imunohistoquimico para a misina-V, permitiu

a visualizacdo do plexo mioentérico formado por aanjos ganglionares de diferentes



formas, interconectados a fibras nervosas organizas em redes nervosas regulares
predominantemente retangulares em ambos os gruposig. 1A). Com relacdo aos
ganglios, estes revelaram heterogeneidade neuroma intensidade da reacao e no perfil
do corpo celular, independente do grupo (Fig. 1B).

O numero médio de neurbnios mioentéricos miosina-¥munoreativos
do colo proximal obtido em 80 campos microscépicoras regifes intermediaria e
antimesocoélica, para ambos o0s grupos, revelou ndaver diferencas estatisticamente
significantes entre eles. O niumero médio de neurd@s bem como a densidade neuronal
estdo apresentadas na Tabela 2.

A andlise do perfil celular neuronal em ambos aggs revelou grande
diversidade no tamanho dos corpos celulares quiaraar de 51,12 a 840,43 AmAo
comparar-se a média do perfil celular entre os gguwperificamos ndo haver diferenca
estatisticamente significante (Tabela 2).

A distribuicdo dos neurbénios em classes arbitrar@s intervalos de 100
um? nos permitiu observar que ha uma maior freqiiéteimeurdnios nas classes de 101 a
200um? e de 201 a 30Am’ (58,8% dos neurdnios no grupo controle e 67,5%rmpo com

restricdo protéica) (Fig. 2).

3.3. Morfometria da parede do colo proximal

O grupo com restricdo protéica apresentou diferesigaificativa no
tamanho do colo proximal quando comparado ao grapotrole, com reducdo no
comprimento (Controle: 8,9 0,89 cm; Restricdo protéica: 7,620,47 cm) e no peso
(Controle: 1,47 0,25 g; Restricdo protéica: 1,8D0,16 g) deste segmento.

Na avaliacdo morfométrica das tunicas intestin@msificamos que a

espessura da tunica mucosa apresentou reducadicsiya para o grupo com restricdo



protéica (Controle: 300,00 + 54,40 um; Restricamica: 202,16 + 8,54 ppgnquanto que a
espessura da tunica muscular apesar de menor gi@agripo, ndo apresentou diferenca
estatisticamente significante (Controle: 178,99 #16 um; Restricdo protéica: 120,61 +

10,05 pm) (Fig. 3).

4. Discusséao
4.1. Aspectos nutricionais

O peso corporal dos animais que foram alimentadosracdo com 8% de
proteinas apresentou comportamento semelhantaupo gontrole, evidenciando que o nivel
protéico reduzido ndo afetou de forma significatdgie parametro. Consideramos que este
nivel foi suficiente para a manutencdo do pesoaratpe que o nivel de 22% poderia ser
considerado um excesso, Vvisto que estes animagaestem processo de envelhecimento
(360 dias) e consequentemente possuiam menor tteddtica (Stump, 1999).

Mattson et al. (2003) ressaltaram que a restri¢gétetica pode aumentar a
longevidade e a resisténcia a diversas doencasamdalas com a idade e consideraram que o
excesso de alimentacdo por periodo prolongado lpeee a insultos metabdlicos nas células
e a incidéncia de desordens como canceres, probleandiovasculares, diabetes do tipo 2 e
déficits na imunidade.

Estudos demonstraram que em ratos jovens (21, @0di&s), o nivel
protéico da racdo € fator determinante para que tegjucdo significativa no peso corporal
(Natali e Miranda-Neto, 1996; Sant’ana et al., 2¥9@rini et al., 1999). No entanto em ratos
em processo de envelhecimento (345 dias), o ne@% na racdo nao foi capaz de reduzir
este parametro de maneira significativa (Natedl.e2005).

Com relacdo ao consumo de racao, verificamos quenmsais do grupo

com restricdo protéica consumiram significativaraemtenor quantidade de ragdo quando



comparada ao grupo controle, sendo mantida esw@igé@mndurante todo o experimento. A
menor ingesta, entretanto ndo foi suficiente paraqrar queda do peso corporal destes
animais, sugerindo que estes apresentaram melhovedamento dos nutrientes, ja que o
menor consumo e a redugdo no nivel protéico levammas mesmas condicdes do grupo
controle.

O conteudo de fibras brutas na racdo também é ton dae poderia ser
considerado. No grupo controle este nivel foi #1% e no grupo com restricdo protéica foi
de 1,59%, o que levaria a um transito intestinaisnfanto promovendo um aumento na
absorcao de nutrientes e conseqiente garantiarmgengéo do peso corporal.

As alteracdes no nivel das proteinas plasmaticas ngituem um dos
aspectos bioquimicos mais importantes quando se liga modelos com variagdo no nivel
protéico presente nas racoes. Neste trabalho vedéimos que o nivel de proteinas totais
nos animais alimentados com racdo hipoprotéica apsentou-se significativamente
reduzido e a avaliagao da albumina e globulinas nadiferiu entre os grupos.

Resultados semelhantes foram observados com rdtd®s alimentados
por tempo prolongado com racdo hipoprotéica (8%lecapenas o nivel de proteinas totais
foi significativamente reduzido (Natali et al., 20ant’ana et al., 2001; Natali et al., 2005).
Reducéo no nivel de albumina plasméatica foi obskervam ratos alimentados com dietas
aprotéicas (Campana et al., 1975; Maffei et aB0).9

O peso e comprimento do colo proximal dos ratogmmpo com restricdo
protéica foi significativamente menor. Este regldté bastante comum em experimentos com
restricdo protéica, sendo observado no intestingade (Younoszai e Ranshaw, 1973;
Shrader et al., 1977; Natali et al., 2005) e no ¢Bkant’ana et al., 1997; Sant’ana et al., 2001,
Castelucci et al., 2002; Araujo et al., 2003) dega

Aumento no tamanho intestinal com a progressadatieié atribuido como



um efeito do envelhecimento por diversos autorexbéBa, 1989; Santer, 1994; Johnson et
al., 1998; Cowen et al., 2000; Phillips e Powle§QP, Phillips et al., 2003, 2004). Desta
forma, o menor tamanho do colo proximal observado mosso estudo poderia ser
considerado como uma resposta adaptativa a condigdiacional imposta e ndo ao

envelhecimento dos animais.

4.2. Analise quantitativa e morfométrica dos neuida mioentéricos miosina-Vv
imunoreativos

Dentre as diferentes técnicas existentes para aagé#o de populacbes
mioentéricas, o emprego do método de imunolocazala proteina motora miosina-V vem
se destacando atualmente na literatura cientibcangk et al., 2000; Buttow et al., 2003;
Zanoni et al., 2003; Buttow et al., 2004; Zanoralet2005).

Segundo Hasson e Mooseker (1997) e Langford e Malyx (1998), nas
células nervosas, esta proteina pode ser encontléerminais pré-sinapticos, organelas
envoltas por membrana e junto & membrana plasmaiaeece estar relacionada com a
dindmica das membranas (endocitose e exocitos@gprte axoplasméatico e liberacdo de
neurotransmissores, sendo, por isso, consideraddeimento Util e preciso para a marcacao e
investigacdo morfoquantitativa neuronal.

Em nosso estudo a densidade neuronal observada gada proximal foi
de 14.922,25+ 2.807,60 neurdnios/dmpara o grupo controle e 17.654,802.715,40
neurdnios/crhpara o grupo com restricao protéica, sendo efteedia ndo significativa.

Experimento conduzido em nosso laboratério (dadosaw publicados)
revelaram densidade neuronal de 22.733,19 neur6nios’, no colo proximal de ratos
com 210 dias. Quando comparamos este valor a dersit por nds obtida para o grupo

controle (14.922,25 neurdnios/cf com 360 dias de idade, verificamos uma reducéo na






estar influenciando o tamanho dos corpos celulaeesonais no colo proximal. A idade,
segundo Amenta (1993), poderia afetar o nimerclidas nervosas e também o seu volume,
0 que poderia justificar 0 aumento do volume celusxificado nos neurénios mioentéricos
de ratos (Gabella, 1971; Santer e Baker, 1988; f&cleh al., 1999; Cowen et al., 2000;
Phillips et al., 2003) e humanos (Meciano-Filhalet1995) em processo de envelhecimento.

Nos animais do grupo com restricdo protéica a média@rea dos corpos
celulares ndo apresentou reducdo significativa duatomparada aos animais do grupo
normoalimentado. Este resultado diverge do obseryex varios autores que submeteram
seus animais a situacoes de restricdo protéicafeamam reducao no perfil celular neuronal
no intestino grosso (Sant’ana et al., 1997; Castelet al., 2002) e intestino delgado
(Torrejais et al., 1995; Natali et al., 2003) d®&sa

Ao analisarmos a distribuicdo da populacdo neurematlasses arbitrarias
em intervalos de 100m?, verificamos que apesar da variabilidade obsermadamanho dos
corpos celulares (51,12 & 840,43 Jma maioria dos neurdnios em ambos 0S grupos
apresentaram uma area variando de 101 auB60Isto indica uniformidade na distribuicdo
neuronal entre 0s grupos.

Segundo Bogliolo (1981) a hipotrofia neuronal é siderada um
mecanismo basico de resposta celular a situacbagrdesdées, como por exemplo a reducéo
de nutrientes. Desta forma, o neurdnio como reapsista injuria, se adaptaria com reducao
do metabolismo e consequente redugéo do seu vohonentanto, este fato ndo ocorreu nos
neurdnios do grupo com restricdo protéica avaliasse trabalho.

Nossos resultados permitem inferir que a ofertead@o hipoprotéica (8%),

influenciou alguns parametros nutricionais, mas néo



em processo de envelhecimento.
4.3. Morfometria da parede do colo proximal

A andlise morfométrica realizada na parede do qwoloximal revelou
reducdo significativa na espessura da tlnica mueoggeservacdo na espessura da tunica
muscular dos animais alimentados com 8% de prateina

Reducdo na espessura da tanica mucosa de diferesgigentos
gastrointestinais de ratos € um resultado comummemtelos de desnutricdo protéica e/ou
calérica (Viteri e Schneider, 1974; Rodrigues et A985; Natali et al., 2000). Apesar da
reducdo morfométrica da tanica mucosa, acreditaques o nivel de restricdo protéica
adotado nao levou a um prejuizo funcional do catiximal. Isto revelaria um importante
mecanismo de adaptacao intestinal, uma vez queapp gdimentado com racdo hipoprotéica
consumiu menor quantidade de racao, apresentologmmximal menor, porém manteve o
peso corporal ao longo dos 150 dias.

Dados da literatura sobre o efeito de dietas catrigéo protéica sobre a
tunica muscular (Natali et al., 2000; Branddo et 2003; Natali et al., 2005) revelaram
reducdo na espessura desta camada, justificadad®zlacumulacdo de material protéico nas
fibras musculares lisas da tunica muscular extdtste fato provavelmente ndo ocorreu em
nosso estudo, visto que houve manutencdo na espeabesta tunica entre 0s grupos, apesar
da dieta.

De acordo com Gabella (1987) o volume muscularnexvacdo e a
plasticidade neuronal mioentérica estdo intimameatacionados entre si. Alteracdes no
volume do tecido muscular liso poderiam promoveaumento ou a redugdo do numero e
tamanho do corpo celular dos neurdnios do plex@mérico.

Considerando este fato, notamos que muito poucalis®ite sobre a

interacéo entre os elementos neuronais e ndo rasrque regem a plasticidade neuronal em



modelos de restricdo protéica. Nossos resultadositeen inferir que a oferta de 8% de
proteinas a ratos em processo de envelhecimensuficiente para preservar a espessura da
tunica muscular do colo proximal e, em consequémci@imero e o tamanho dos neurbnios
mioentéricos que a inervam.

Concluimos, portanto, que as tunicas mucosa e famseua populacao
neuronal do colo proximal de ratos com 360 diasddele se ajustaram a oferta de racdo

hipoprotéica durante 150 dias, garantindo a magétede suas fungdes.
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Tabela 1

Consumo de ragdo (gramas) dos animais do grupoot®m grupo com restricdo protéica. Média +

desvio padréo

Més
Grupo 1° més 2° més 3° més 4° més 5° més Média
Controle (n=5) 32,189 29,30a 30,40a 26,54a ,029 29,50 +2,06a

Restricdo protéica (n=4) 20,88b 19,93b 20,23b 19,85b 20,68b 26:345b

@ Médias seguidas de mesma letra, ndo diferemstitathente (teste t de Student, p> de 5%).



Tabela 2
NGmero de neurdnios mioentéricos miosina-V imuriires, densidade neuronal (neurdniosicm

area do perfil celular neuronalrt®) dos animais do grupo controle e grupo com régirjgrotéica.

Média + desvio padréo

Grupo NUmero Defesie Perfil celular
Controle (n=5) 2.533,87+ 476,708 14.922,2% 2.807,60a 286,6354,66a
Restricdo protéica (n=4) 2997 75+ 461a 17.654,602.715,40a 247,5720,04a

@ Médias seguidas de mesma letra, ndo diferemstitathente (teste t de Student, p> de 5%).
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Abstract

The objective of this work was to analyze the morpbquantitative
behavior of neurons of the myenteric plexus as wedls the morphometry of elements of
the proximal colon wall of Wistar rats (Rattus norvegicusfed a normoproteic (22%) and
a hypoproteic diet (8%), sacrificed at 360 days ofage. To perform the neuronal
evaluation, we used whole- mount preparations of # proximal colon immunostained
with the antibody anti-myosin-V. The neurons were gantified in 80 microscopic fields
(16.98 mm3%animal). The neuronal cell body morphontey was performed in 100
neurons/animal. Samples of the proximal colon wereveighed and measured, and then
submitted to routine histological processing. Theywere later stained by the
hematoxylin-eosin method in order to perform the mgophometric analysis of the mucosa
and external muscular layer. The number of neuronsand the neuronal cell body
morphometry did not present significative changes &tween the studied groups. A
significant reduction in the weight and length of he proximal colon and in mucosa layer
thickness was observed in the animals fed the hypayeic diet. Our conclusion was that
the neuronal and non-neuronal components of the psomal colon adapted themselves to

the imposed nutritional condition, guaranteeing themaintenance of their functions.

Keywords hypoproteic diet; myenteric neurons; proximaloegl intestinal morphometry;

myosin-V; aging

1. Introduction
The myenteric plexus, one of the main componenthefEnteric Nervous
System, is formed by a network of ganglia, arrangedegular rows and interweaved by

nerve fibers, which extends from the esophagukéanal channel. It is located between the



circular and longitudinal layer of the external mwisr layer and plays a major role in the
intestinal motility control. Changes in the myentgrlexus may result in the development of
several gastrointestinal pathologies, due to momat unbalance.

As most of the biomolecular reactions require theigipation of proteins,
it is expected that each cell and each tissue neawffected when submitted to proteic
deprivation conditions (Deo, 1978). However, thdut@ response to protein deficiency is
time-dependent, i.e., it depends on the periodtti@nutritional deprivation situation begins,
and on the duration of this period (Firmansyah.etl989).

Studies of the alterations caused by the proteistriction on the
morphology and physiology of the nervous system jadified, since this system is
constituted by tissues with a low rate of cellulemewal, thus, changes in the number, shapes
or functions of these cells may lead to drastierations in the organism (Deo, 1978). The use
of rats as experimental models in the study of mesiof the enteric nervous system submitted
to situations of proteic restriction in differertigses of the animal development, mainly in the
gestation and lactation phases (Natali and Miradei®, 1996; Miranda-Neto et al., 1999;
Brandao et al., 2003) and in adult phase (Araljalet2003; Natali et al., 2003), is rather
frequent; however, studies at a more advancedragscarce.

According to Mitchell et al. (1978), the proteicens does not decrease with
age, and the necessity of some amino acids, daggpmay even increase "to compensate"
the organism functional alterations. They also pout that the main physiologic alteration
due to the aging process is the reduction on timbeu of working cells, which would result
in the slowness of metabolic processes.

The myenteric plexus acts on the intestinal wading the muscular layer
the target-tissue responsible for its maintenamexelopment and plasticity (Saffrey and

Burnstock, 1994). The variations that take plactheperipheral neurons are concomitant to



the variations in the organs innervated by thems Piasticity is not limited to the initial
periods of body growth; it remains in the completdifferentiated nervous tissue, with a
potentiality to promote an increase or a reducbérthe neuronal cell volume at desired
levels, depending on different conditions (Gabell@87). We consider that assessing the
myenteric neurons when faced with situations oftgacorestriction associated to the aging
process will provide us an excellent investigatie&d on the neuronal plasticity as well as the
behavior of intestinal layers.

We employed the immunostaining technique myosine/ study the
myenteric plexus. The unconventional myosins arsuperfamily of actin-based motors
responsible for a rich array of intracellular mogilevents. The immunolocalisation of
myosin-V has been used in whole-mount preparatdmsyenteric and submucous plexus of
rats (Drengk et al., 2000; Buttow et al., 2003; &airet al., 2003; Buttow et al., 2004; Zanoni
et al., 2005), which allow us to identify the whaleuronal population of the myenteric
plexus (Drengk et al., 2000).

Therefore, the present study aims at analyzing hwgpantitatively the
myosin-V immunoreactive myenteric neurons and therpmometry of elements of the

proximal colon wall of aging Wistar rats, fed a bpproteic diet.

2. Material and methods
2.1. Animal treatment

All the procedures of this study regarding the wa$eanimals were in
agreement with the ethical principles adopted bg tBrazilian School of Animal
Experimentation (COBEA) and approved by the Ethi@mmittee in Animal
Experimentation of the State University of Maringa.

We used male Wistar rat®#ttus norvegicys distributed in two groups:



Control fed a standardized diet for rodents - NUVILAB-NIWAL ® (recommended by the
National Research Council & National Health Inggtu USA) with proteic value of 22%;
Proteic Restrictionfed a diet with a proteic value of 8%, obtaineithvthe addition of corn
starch to the NUVILAB chow (Natali et al., 2000), for 150 days, startghe 210th day of
life. This diet was supplemented with Complex B evetoluble vitamins and a saline mixture
(American Institute of Nutrition, 1977; Natali amdiranda-Neto, 1996; Natali et al., 2000,
2003, 2005). The animals were kept in individuajesawith a photo-period of 12 hours and
temperature of 22 £ 2 °C. Water and chow were edffad libitum

The animals’ body weight was verified monthly ame food intake was
controlled during a week/month. This control cotesisin daily offering 100 grams of chow
to each animal and weighing the leftovers, thusaiaimg the daily consumption of each

animal.

At the 360 days of age, the animals were weighed anesthetized
intraperitoneally with sodic Tiopental (Thionembif)a40mg/kg of body weight), followed
by blood collection by heart puncture to assesstoke of proteins (Method of Biureto -
LABTEST®), albumin (Green of Bromocresol - LABTE®)Tand globulins. After performing
a laparotomy and perfusion with a saline and fixieglution, the proximal colon
(characterized by the end of the ileum-cecum-cei@l to the oblique mucosa folds
disappearance) was collected, measured and weiBlaedof the samples was used to prepare

whole-mount preparations and part to routine hagfighl processing.

2.2. Immunohistochemistry of the myenteric plexus
The antibody we chose, anti-myosin-V, recently dbsd for the
immunostaining of neurons from the enteric nerveystem (Drengk et al., 2000), is specific

and it has the advantage of staining only neursaasprial, motor or interneuron) and their



processes.

The animals were perfused with saline solution (lIgnbody weight)
followed fixative solution containing 10 mM sodiuperiodate, 75 mM lysine, 1%
paraformaldehyde in 37 mM phosphate buffer, pH Tdmediately after perfusion, each
proximal colon was removed and the fixative solutiwas gently inject into the lumen,
distending the muscular layer. After applyning figas to maintain the distension, the
samples were postfixed in the same solution aseabmvl hr, dehydrated in ethanol (50%,
70%, 80%, 90%, 95% and 100%), cleared in xylolydeated in ethanol (100%, 95%, 90%,
and 80%) and stored in ethanol 70%. The colon feadmwere open the mesocolic border
and dissected under a stereomicroscope with thamsination through the removal of the
mucosa and submucosa layer, thus, obtaining wholeammuscular layer preparations
containing the myenteric plexus. The tissues weaehed four times in PBS (0.1M, pH 7.4)
and blocked for 1 hr in PBS with 2% BSA, 2% goauseand 0.5% Triton X-100 at room
temperature. Immunostaining proceeded with the batian of tissues in 0.8@g/ml of
affinity-purified antibody specific to the myosin-¥hedial tail domain (Espreafico et al.,
1992; Buttow et al., 2003) diluted in the PBS wat% BSA, 2% goat serum and 0.1% Triton
X-100 at room temperature and under shaking (4&fgr incubation, the fragments were
washed twice in PBS with 0.1% Triton X-100 and ®&vin PBS with 0.05% Tween 20. Soon
after, the tissues were incubated with @@/ml secondary antibody conjugated with
peroxidase for 24 hours at room temperature ungieaten and washed four times during 15
min in PBS with 0.05% Tween 20. The immunoreacticas developed with 0.75 mg/ml
Diaminebenzidine in PBS and 0.03%@4 for 10 min. Samples were placed in a gel

mounting medium containing 50% glycerol, 0.07 ggalatin in PBS and gl/ml phenol.

2.3. Quantitative analysis and neuronal morphometry



The quantification of myosin-V immunoreactive my&mt neurons was
performed in 80 randomly microscopic fields of eawhimal, from the intermediate and
antimesocolic regions (Miranda-Neto et al., 200ddh aid of the light microscope (Olympus
BX41) and 40X objective. The half-neurons found eveounted in alternate fields. The area
of each microscopic field was 0.2123 fmmwith a total area of 16.98 miniThe results were
shown in crA

We randomly measured the cellular body of 800 imoneactive myosin-V
cell of the proximal colon (400 cells per grouprr the whole-mount preparations with aid
of a image analysis system (Image-Pro Plds5 - Media Cibernetics). The neurons were

classified for their size in class intervals of 106°.

2.4. Intestinal wall histological procedure and mbometric analysis

After washed in saline solution, the proximal cokamples of the animals
from each group were fixed in buffered formol a®dQpH 7.3), dehydrated in ascending
series of alcohols, diaphanized in xylol and modnite paraffin, to obtain the 7um-thick
histological sections, which were stained by the&k®xylin-eosin method (H.E.).

The sections were used in the morphometric assesshthe mucosa layer
(from the crypt apex to the mucosa muscle) andreatenuscular layer (40 measurements
per animal), through the system of image analysimge-Pro PIU4.5 - Media Cibernetics),

with the results expressedum.

2.5. Statistical analysis
The obtained quantitative data were analyzed byasie"t" of Student, with
a significance level of 5%. The statistical anaysas accomplished in the statistical program

GraphPad Prisfh(GraphPad Software, Inc.).



3. Results
3.1. Animal treatment

Regardless the nutritional group, there was maatea of the rats’ mean
body weight after 150 days of experiment (cont@)5.8 + 40.52 g; proteic restriction: 443.3
+ 54.28 g), despite the significant reduction ia fbod intake by the animals from the proteic
restriction group. These values are shown in Tdbknd they correspond to the average
consumption for 7 days in every month for 5 mongiarting at 210 days.

As for the blood parameters appraised, we obsehatdthe total proteins
level was significantly reduced in the proteic neson group (6.29 = 0.23 g/dl) when
compared to the control (7.21 + 0.60 g/dl). Howevtke albumin level (control: 3.39 + 0.37
g/dl; proteic restriction: 3.51 + 0.54 g/dl) andblgllin (control: 3.81 = 0.71 g/dl; proteic
restriction: 2.78 £ 0.56 g/dl) did not present istatally significant differences between both

groups.

3.2. Quantification and morphometry of myosin-V imoreactive myenteric neurons

The use of the myosin-V immunohistochemical methatbwed the
visualization of myenteric plexus, formed by gaogéry arrangements in different shapes,
interconnected to nervous fibers organized in i@gulervous networks (predominantly
rectangular) in both groups (Fig. 1A). As for thanglia, they showed a neuronal
heterogeneity in the reaction intensity and indgekular body profile, regardless of the group
(Fig. 1B).

The mean number of the proximal colon myosin-V imoneactive
myenteric neurons obtained in 80 microscopic figdtishe intermediate and antimesocolic

regions, for both groups, showed there were nasttatlly significant differences between



them. The mean number of neurons as well as tlkeeromal density is shown in Table 2.

The neuronal cellular profile analysis in both greurevealed a great
diversity in the size of the cellular bodies, rampifrom 51.12 to 840.43 fmWhen
comparing the cell profile mean between both grougsobserved no statistically significant
differences (Table 2).

The neurons distribution in arbitrary class intésvaf 100 pr allowed us
to notice there is a higher frequency of neuronslasses from 101 to 2@0112 and from 201

to 300um? (58.8% of neurons in the controls and 67.5% ir@eaestriction group) (Fig. 2).

3.3. Proximal colon wall morphometry

The proteic restriction group presented a significdifference in the
proximal colon size when compared to the contrath \ength reduction (control: 8.9 + 0.89
cm; proteic restriction: 7.62 + 0.47 cm) and weigdduction (control: 1.47 + 0.25 g; proteic
restriction: 1.01 + 0.16 g) of this segment.

On the intestinal layers morphometric evaluatior, aleserved a significant
reduction on the mucosa layer thickness for theemraestriction group (control: 300.00 +
54.40 um, proteic restriction: 202.16 + 8.54 pmheTmuscular layer thickness, although
smaller in this group, showed no statistically gfigant difference (control: 178.99 + 51.16

pLm; proteic restriction: 120.61 + 10.05 pm) (Fiy. 3

4. Discussion
4.1. Nutritional aspects

The body weight of animals fed the hypoproteic di@¥ of proteins)
showed a similar behavior to the controls (22% wdftgins), evidencing that the reduced

proteic level did not affect this parameter in gndicant way. We considered that the 8%



level was enough to maintaining their body weigahd that the 22% level could be
considered excessive, since these animals werg 4860 days) and consequently had a
smaller metabolic rate (Stump, 1999).

Mattson et al. (2003) pointed out that the dietastriction can increase the
longevity and the resistance to several age-relditexses and considered that the excessive
feeding for a long period may lead to metaboliauitssin the cells and the incidence of
disorders such as cancers, cardiovascular probtgpes? diabetes and immunity deficits.

Studies have shown that in young rats (21, 60, &&)l the diet proteic
level is a key factor to a significant reductiortheir body weight (Natali and Miranda-Neto,
1996; Sant’ana et al., 1997; Fiorini et al., 1999wever, the 8% level in the diet was not
able the reduce this parameter in a significatiay \wm aging rats (345 days) (Natali et al.,
2005).

As for the food intake, we verified that the anisnitbm proteic restriction
group consumed significantly smaller amounts ofwhehen compared to the controls,
throughout the whole experiment. The smallest itagydsowever, was not enough to cause a
reduction in their body weight, suggesting theydudee nutrients in a better way, since the
smaller consumption and the proteic level reductemhthem to the same conditions of the
controls.

The gross fibers content in the chow is also aofact be considered (4.81%
for the control and 1.59% for the proteic restantigroup). This could lead to a slower
intestinal traffic causing an increase in the muits absorption and, consequently,
guaranteeing the body weight maintenance.

The changes in the plasmatic protein level are e most important
biochemical aspects when we use models with vanati the proteic level present in diets. In

our work we observed that the level of total pndein the animals fed the hypoproteic diet



was significantly reduced, but there were no défees in the albumin and globulins between
both groups.

Similar results were obtained with adult rats fegpdproteic diets (8%) for
long periods, where only the total proteins levabwignificantly reduced (Natali et al., 2000;
Sant'ana et al., 2001; Natali et al., 2005). A ctida in the albumin plasmatic level was
observed in rats fed non-proteic diets (Campais €1975; Maffei et al., 1980).

The weight and length of the proximal colon of rétsm the proteic
restriction group was significantly smaller. Thesult is quite common in experiments with
proteic restriction, being observed in the smalkshtine (Younoszai and Ranshaw, 1973,
Shrader et al., 1977; Natali et al., 2005) andhéndolon of rats (Sant'ana et al., 1997; Sant'ana
et al., 2001; Castelucci et al., 2002; Araujo et2003).

The increase in the intestinal length is consideredn effect of the aging
process by several authors (Gabella, 1989; Sat®®¢; Johnson et al., 1998; Cowen et al.,
2000; Phillips and Powley, 2001; Phillips et albD03, 2004). Therefore, the smaller size of
the proximal colon found in our work may be consekas an adaptational response to the

imposed nutritional condition and not to the anshalbing process.

4.2. Quantitative and morphometric analysis of mmydsimmunoreactive myenteric neurons
Among the different existing techniques for the irstey myenteric
populations, the use of the myosin-V motor proteamunolocalisation method is standing
out now in the literature (Drengk et al., 2000; But et al., 2003; Zanoni et al., 2003; Buttow
et al., 2004; Zanoni et al., 2005).
According to Hasson and Mooseker (1997) and Laxgford Molyneaux
(1998), in the nervous cells this protein can bantb in the pre-synaptic terminals, in

organellas enveloped by membrane and close tol#isenptic membrane. The protein seems



to be related to the membrane dynamics (endocytaseés=xocytoses), axoplasm transport
and neurotransmitters release, thus, being comsldaruseful and precise element for the
neuronal morphoquantitative demarcation and ingastn.

The neuronal density observed for the proximal malw our study was
14,922.25 + 2,807.60 neuronsfcfor the control and 17,654.00 + 2,715.40 neuranSfor
the proteic restriction group, a non-significarftetence.

An experiment conducted in our laboratory (unputeé data) showed a
neuronal density of 22,733.19 neurons/émthe proximal colon of rats at 210 days of age.
When comparing this value to the density foundtfa controls (14,922.25 neuronsfymat
360 days of age, we observe a reduction in theomalipopulation.

The value found for the controls (360 days) is Emio results obtained
with animals in advanced ages. The reduction inntlnmber of myenteric neurons is quite

common in experimental models of aging (Santer Baker, 1988; Cowen et al., 2000;



proximal colon of the animals from proteic resiaatgroup. This allow us to infer that a diet
with 8% of protein may be enough to maintaining tlessity and the normal functions of
neurons at 360 days of age.

Regarding the size of neurons, the mean value einturonal cell body
obtained for the control was 286.63 f1amd 247.57 uffor the proteic restriction group.
Similar values were observed in the proximal cotdrrats at different ages, Buttow et al.
(2003) in animals at 45 days (263.703and Furlan et al. (2002) at 210 days (219.28)pm

We could, thus, eliminate the possibility that #remal at 360 days of age
influenced the size of the neuronal cell body ia groximal colon. According to Amenta
(1993), the age could affect the number of nerdts @d also their volume, which could
justify the increase of the cellular volume obserirethe myenteric neurons of rats (Gabella,
1971; Santer and Baker, 1988; Schéfer et al., 188%en et al., 2000; Phillips et al., 2003)
and of human beings (Meciano-Filho et al., 1998h&aging process.

The mean area of cell bodies in the animals ofréisériction proteic group
did not present a significant reduction when coregdo the normal fed animals. This result
differs from those observed by several authors whbmitted their animals to proteic
restriction situations and noticed a reductionhi@ heuronal cell profile in the large intestine
(Sant’ana et al., 1997; Castelucci et al., 2002) small intestine of rats (Torrejais et al.,
1995; Natali et al., 2003).

When analyzing the distribution of the neuronal ydapion in arbitrary
classes at 10Qm? intervals, we noticed that despite the diversitycell body sizes found
(51.12 to 840.43 pfj the majority of neurons in both groups had amarnging from 101
to 300um2. This shows uniformity in the neuronal distributibetween both groups.

According to Bogliolo (1981), the neuronal hypothgpis considered a

basic mechanism of cellular response to situat@mhaggression, such as the reduction of



nutrients. Therefore, as a response to this aggreste neuron would adapt to it with a
metabolism reduction with a consequent reductiontofvolume. However, this did not
happened to the neurons of the proteic restri@mmmal group.

Our results allow us to infer that the hypoprotwiet (8%) influenced some
nutritional parameters, but it was not enough taseaa reduction in the cellular area.
Therefore, it was appropriate both for the neurawalsity and also for maintaining the cell

body profile of myenteric neurons of the proximalon of rats in the aging process.

4.3. Proximal colon wall morphometry

The morphometric analysis of the proximal colonlwbwed a significant
reduction in the thickness of the mucous layer thedthickness conservation of the muscular
layer of the animals fed with 8% of proteins.

The reduction in the thickness of the mucosa lagdér different
gastrointestinal segments of rats is a common tresumodels of proteic and/or caloric
malnutrition (Viteri and Schneider, 1974; Rodrigwtsal., 1985; Natali et al., 2000). Despite
the morphometric reduction of the mucosa layer,bekeve that the proteic restriction level
we adopted did not lead to a proximal colon funwiodamage. If that was the case, it would
reveal an important mechanism of intestinal adaptator the group fed the hypoproteic diet
consumed smaller amounts of chow, had a smalledmped colon, but maintained their body
weight along the 150 days period.

Data from the literature on the effect of protedstriction diets over the
muscular layer (Natali et al., 2000; Brandéo et 2003; Natali et al., 2005) revealed a
reduction in the thickness of this layer, which nimeyjustified by the non-accumulation of
proteic material in the smooth muscular fibersted external muscular layer. This probably

did not take place in our study, since the thickneisthe muscle layer was kept the same in



both groups, despite their diet.

According to Gabella (1987), the muscular volunhe, tnyenteric neuronal
innervation and its plasticity are closely relatedeach other. Changes in the volume of
smooth muscular tissue could cause the increadeanease of the cellular body of neurons in
the myenteric plexus.

Taking this fact in account, we noticed there aggy\few discussions about
the interaction between the neuronal and non-nali®laments responsible for the neuronal
plasticity in proteic restriction models. Our rdsulllow us to infer that offering 8% of
proteins to rats undergoing the aging process wasigh to preserve the thickness of the
muscular layer of the proximal colon and, as a equence, the number and size of the
myenteric neurons innervating them.

We came to the conclusion, therefore, that the sadayer, the muscular
layer and the neuronal population of the proxin@bi of rats aged 360 days adapted to the

150 days offer hipoproteic diet, guaranteeing tlantenance of their functions.
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Table 1

Food intake (grams) by animals from control andtgcorestriction groups. Means + standard

deviation

Month
Group f'month  ¥month ¥ month 4 month ¥ month Mean
Control (n=5) 32.18% 29.30a 30.40a 26.54a 9.02a 29.50 £ 2.06a

Proteic restriction (n=4)  20.88b 19.93b 20.23b 19.85b 20.68b 320t 0.45b

@ Means followed by the same letter, do not diffatistically (test t of Student, p> 5%).



Table 2

Number of myosin-V immunoreactive myenteric neuronguronal density (neurons/@mand

neuronal cell profile arequ?) of animals from the control and proteic restdotigroups. Means *

standard deviation

Group Number Bity Cell profile
Control (n=5) 2533.87+ 476.708 14,922.25 2,807.60a 286.6354.66a
Proteic restriction (n=4) 2 997.75t+ 461a 17,654.602,715.40a 247.5720.04a

@ Means followed by the same letter, do not diffatistically (test t of Student, p> 5%).
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Fig. 2. Distribution by size of myosin-V immunoreactive emyeric neurons, classified at

intervals of 100 pf Group: control§) and proteic restriction).
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Fig. 1. (A) Myosin-V immunoreactive myenteric neurons ianglia connected by nerve

fibers in the proximal colon. (B) Different sizesdacolor intensity of neurons of a myenteric

ganglion. Control group.



Fig. 3. Proximal colon of rats at 360 days of age stairtingg mucosa layer (M). Group:

control (A) and proteic restriction (B). H.E.
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Baixar livros de Literatura

Baixar livros de Literatura de Cordel
Baixar livros de Literatura Infantil
Baixar livros de Matematica

Baixar livros de Medicina

Baixar livros de Medicina Veterinaria
Baixar livros de Meio Ambiente
Baixar livros de Meteorologia
Baixar Monografias e TCC

Baixar livros Multidisciplinar

Baixar livros de Musica

Baixar livros de Psicologia

Baixar livros de Quimica

Baixar livros de Saude Coletiva
Baixar livros de Servico Social
Baixar livros de Sociologia

Baixar livros de Teologia

Baixar livros de Trabalho

Baixar livros de Turismo
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