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APRESENTACAO
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RESUMO

O diabetes mellitus (DM) é uma sindrome de eti@agiltipla, decorrente da falta de
insulina e/ou da incapacidade da insulina de ex@dequadamente seus efeitos. Caracteriza-
se por hiperglicemia crénica com disturbios do ialiamo dos carboidratos, lipidios e
proteinas. E um importante problema de salde @ibiina vez que é freqiiente e esta
associado a complicagbes que comprometem a prathde; qualidade de vida e sobrevida
dos individuos, além de envolver altos custos no tegtamento em decorréncia de suas

complicagoes.

A expresséao clinica completa do DM tem como caritieas, além de complexas
alteracbes metabolicas, complicagbes vasculareswolbgicas. A neuropatia € uma
complicacédo frequente no DM, e pode afetar tantmeysos periféricos quanto o sistema
nervoso autbnomo. A neuropatia autonbmica diabé&caa forma mais comum do
comprometimento do sistema nervoso. Face a digtéibuanatdmica do sistema nervoso
autondmico, essa sindrome afeta tanto o sistenthogascular como o gastrointestinal e

urogenital.

O intestino delgado é suprido por fibras nervosadgricas e fibras parassimpaticas
que respondem pela inervacdo extrinseca do mesnemn{ponente periférico intrinseco,
denominado de sistema nervoso entérico, é cowktitpor fibras nervosas e ganglios
organizados em plexos. Entre 0s plexos ganglionatkstaca-se o0 plexo mioentérico
localizado entre as camadas de musculo liso daaimuscular externa, responsavel entre

outras funcoes, pela modulagcéo da motilidade ingdst

Alteracdes estruturais e ultraestruturais na Egdid neuronal mioentérica bem como
na parede dos orgaos (tais como, aumento acentagooliferacdo celular) inervados por
estes neurdnios estdo associados ao DM. O danonauem sido atribuido principalmente
ao aumento intracelular de sorbitol. Esta substdégiroduzida pela reducdo de glicose na
reacao catalisada pela enzima aldose redutaserofssique reduzem a concentragdo do
sorbitol, inibindo a aldose redutase, podem ter papel relevante no tratamento das
complicagBes neurolégicas do diabetes. O acidarlbisoéé uma destas substancias e tem sido

estudado no tratamento desta patologia.

O objetivo deste estudo foi o de investigar possiatteracdes no nimero e tamanho

dos neurbnios mioentéricos miosina-V imunoreativs) comportamento proliferativo da



tunica mucosa do jejuno de ratos diabéticos cr@ni@pos a suplementacdo com acido
ascorbico.

Foram utilizados trés grupos de animaRattus norvegicys ndo diabéticos,
diabéticos e diabéticos tratados com &cido asadr{d). Para a inducdo do DM foi
administrada a droga diabetogénica estreptozo@osendo mantida esta condicdo durante
120 dias. Aos 210 dias de idade, os animais forastasiados, mortos e amostras do jejuno
foram coletadas.

Para analise da populacdo mioentérica, amostragejdoo foram submetidas &
elaboracdo de preparados totais para a técnicaolsioquimica miosina-V. Esta proteina
motora esta presente nas células nervosas em tagame/oltas por membrana e junto a
membrana plasmatica, estando relacionada com amitimdde membranas, transporte
axoplasmético e liberacdo de neurotransmissorennflicdo de DM imposta, comprovada
pelos indices glicémicos provocou reducdo no nurderaeurdnios mioentéricos miosina-Vv
imunoreativos, a qual foi minimizada pela supleragéd com &cido ascorbico (p > 0,05).

ApGs administracdo prévia de sulfato de vincris{iblqueador do fuso mit6tico),
amostras da tunica mucosa do jejuno foram procasdastologicamente com inclusdo em 2-
hidroxietil-metacrilato e coradas pelo método dad®xilina-eosina para a determinag¢éo do
indice metafasico, altura das vilosidades e a pdifiade das criptas. Estes parametros néao
apresentaram diferencas significativas entre gsogu

Nossos resultados permitem concluir que a suplem@atdo &cido ascorbico para
ratos com diabetes mellitus cronico ndo influen@syparametros glicémicos analisados, nem
as caracteristicas morfométricas da mucosa in&stporém pode-se considerar efeito

positivo sobre a populacdo mioentérica miosina-Mrioreativa.

Palavras-Chaves: acido ascorbico, diabetes mellitus, mucosa imtakti neurbnios

mioentéricos, miosina-V



ABSTRACT

Diabetes mellitus (DM) is a syndrome of multipleotetgies, which occurs due to the
lack of insulin and/or to the incapacity of theuhs act adequately. It is characterized by
chronic hyperglycemia with disturbances in the ipeliam of carbohydrates, lipids and
proteins. It is a great concern in public healthcsiit is a common problem and it is
associated to complications that compromise thedymtvity, quality of life and life
expectancy of individuals. Not to mention the higbsts in its treatment due to its
complications.

The complete clinical expression of DM has as atterastics vascular and
neurological complications, besides complex metabalterations. The neuropathy is a
common complication in DM, and it can affect bdtk peripheral nerves and the autonomous
nervous system. The diabetic autonomous neuropa&hyhe most common form of
compromising the nervous system. Due to the anatdndgistribution of the autonomous
nervous system, the syndrome affects both the @aadcular system and the gastrointestinal
and urogenital system as well.

The small intestine is supplied by peripheral nasvdibers and parasympathetic
fibers, which are responsible for their extrinsicnervation. The intrinsic peripheral
component, called enteric nervous system, is coatpdy/ nervous fibers and ganglions
arranged in plexus. The myenteric plexus, situéieteveen the smooth muscles layers in the
outer muscular tunica, stands out. It is respoesibr the modulation of the intestinal

motility.

Structural and ultra-structural changes on the t®y@énneuron population as well as
on the wall of organs (such as the sharp riseenceil proliferation) innervated by them are
associated to DM. The neuronal damage has beere8lanainly on the increase of the
intracellular sorbitol. This substance is produdgdthe glucose reduction in the reaction
catalyzed by the enzyme aldose reductase. Drudgsréldlmce the sorbitol concentration,
inhibiting the aldose reductase, may play an ingmdrtrole in the treatment of the
neurological complications due to diabetes. Thedsc acid is one of these substances and it
has been studied in the treatment of this pathology

The purpose of our study was to investigate possiliterations on the number and
size of myenteric neurons stained by myosin-V aBi asthe proliferative behavior of the
mucosa layer of the jejunum of chronic diabeticsrafter to the supplementation with

ascorbic acid.



Three groups of animals were usd®aftus norvegicys non-diabetic, diabetic and
diabetic treated with ascorbic acid (DA). DM waguged by the administration of
streptozotocin and kept for 120 days. At the 21¢sdaf age the animals were anesthetized,
killed and samples of their jejunum were collected.

Some of the samples were prepared as whole moumtsthe myosin-V
immunohistochemical technique so that we could yameakthe myenteric population. This
protein is present in nervous cells in organelaspped by a membrane and close to the
plasmatic membrane. They are related to the dyrsmaafimembranes, axoplasmatic transport
and release of neurotransmitters. The onset of {vified by the glucose indexes, caused a
reduction in the number of myenteric neurons sthimg myosin-V, which was minimized by
the supplementation with ascorbic acid (p> 0.05).

After a prior administration of vincristine sulfa¢a mitotic fuse blocker), samples of
the jejunum mucosa layer were histologically preedswith immersion in 2-hydroxietil-
metacrilate and stained by the hematoxylin-eosirthae in order to determinate the
metaphasic index, the height of villosities and depth of crypts. These parameters did not
show significative differences among the groups.

Our results allow us to come to the conclusion thatascorbic acid supplementation
for rats with chronic diabetes mellitus neitheduehced the analyzed glucose parameters nor
the morphometric characteristics of the intestmakcosa. However, it may be considered as
having a positive effect on the myenteric populatieyosin-V stained.

Keywords: ascorbic acid, diabetes mellitus, intestinal magasyenteric neurons, myosin-V.
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Resumo

Avaliamos o efeito da suplementacdo com acido bg&mdsobre 0s neurdnios mioentéricos
e proliferacéao celular epitelial da mucosa do jejale ratos adultos com diabetes mellitus
cronico. Trinta ratos com 90 dias de idade foramddlos nos grupos: ndo diabéticos,
diabéticos e diabéticos tratados com acido asadidd) (1 g/l). Depois de 120 dias de
tratamento com acido ascorbico os animais foramaso©s neurbnios mioentéricos foram
imunomarcados para miosina-V e analisados quawataénte em uma area de 11,2
mnf/animal, sendo realizada a mensuracéo da &rearfibcptilar de 500 neurdnios por
grupo. Determinou-se o indice metafasico em ceec@50 células presentes nas criptas
intestinais e também mensurada a altura e a profathel de 30 vilos e 30 criptas/animal.
Observamos no grupo DA aumento de 14 % e 4,4 %enaidhde neuronal e no perfil
celular respectivamente quando foram comparadosaaosais diabéticos (p > 0,05).
Quanto aos parametros de indice metafasico, alagailos e profundidade de criptas, ndo
verificamos diferencas significativas entre os gaipgConcluimos que a suplementacédo do
acido ascérbico para ratos com diabetes crénicanifienciou os parametros glicémicos
analisados nem as caracteristicas morfométricasudasa intestinal, porém consideramos

seu efeito positivo sobre a populacdo mioentéricasima-V imunoreativa.

Palavras-chave: acido ascoérbico, diabetes mellitus, mucosa imakti neurénios

mioentéricos, miosina-V.



Introducgéo

O diabetes mellitus € caracterizado por concentagilasmaticas de glicose
anormalmente elevadas, causadas por secrecdouli@ansadequada, células-alvo com
reacoes anormais, ou ambas as situacfes. A hgergd cronica e as anormalidades
metabdlicas associadas causam as muitas complkcagdeloenca, incluindo danos aos

vasos sanguineos, olhos, rins e sistema nervoso [1]

Em decorréncia do diabetes mellitus o intestinogaldd sofre alteracbes
morfolégicas na mucosa [2,3], comprometendo o membm do alimento através da luz
intestinal, a secrecdo de sucos entéricos e agdusaios produtos de digestdo, que sao
dependentes da integridade do epitélio que reveste 6rgdo. O epitélio intestinal é
caracterizado por rapida renovacdo celular comimaatproliferacdo de células tronco
dentro das criptas de Lieberkihn, migracdo celdar longo do eixo cripta-vilo,
diferenciagéo celular, polarizagéo, apoptose apigadrda luminal [4].

Tem sido demonstrado que o sistema nervoso autddesempenha um papel na
renovacao do epitélio intestinal e esta influépcde ser estudada através da eliminagéo do
parassimpatico [5], simpatico [6] ou inervacdo miéeica [7]. O sistema nervoso entérico
€ uma divisdo do sistema nervoso autbnomo queigsata no trato gastrointestinal, capaz
de mediar reflexos independentes (motilidade, @ldsoe secrecdo), sendo composto de
neurdnios sensoriais, interneurdnios e neurdniomee interconectados [8]. O diabetes
mellitus atua provocando diminuicdo da inervac&eéraa com conseqiente ocorréncia da
neuropatia diabética [9-11] implicando em alterag@erfofisioldgicas.

Numerosas teorias tém sido propostas para expéicameuropatia no diabetes
mellitus dentre elas: o metabolismo danificado dda®s graxos, redug¢do no fornecimento
sangliineo ao nervo, produtos avancados de glica@dcenzimatica, estresse oxidativo,

inadequado suporte trofico e a ativacdo da via mw®is [12,13]. A aldose redutase



converte excesso de glicose em sorbitol [14,1530bitol é o principal responsavel pela
ocorréncia de edema, lesdo neuronal [16,17] e qdesee reducdo da velocidade da

conducédo nervosa [14]. A concentragdo de sorbadepser reduzida no diabetes mellitus



Aos 210 dias de idade, os ratos foram anestesiadoperitonialmente com
tiopental sddico - Thionembutal ® (40 mg/kg do pesgporal). O sangue foi coletado por
puncdo cardiaca para mensuracao dos niveis de lodnimagglicada [21], glicose [22] e
acido ascorbico [23]. Os animais usados neste @dtrdm tratados de acordo com 0s
principios éticos adotados pelo Colégio BrasileieoExperimentacdo Animal (COBEA) e
aprovado pelo Comité de Etica em Experimentacdanahila Universidade Estadual de

Maringa.

Imunolocalizagéo da Miosina-V neuroriad]

Quinze animais foram perfundidos com 1ml por graegeso corporal de solucao
salina seguida por perfusdo com 1ml por grama de jperporal de solucédo fixadora
contendo periodato de sédio (10 mM), lisina (75 mpBraformaldeido (1%) em tampao
fosfato (37 mM, pH 7.4) [25]. Imediatamente apgsedafusdo, cada jejuno foi removido,
lavado com solugdo salina, inflado com solucdodiixa e amarrado nas extremidades
(bexigas). Apds trinta minutos de imersdo na saldgé@dora, foi aberto e deixado nesta
solucéo por mais trinta minutos. Subsequencialmesteegmentos foram abertos ao longo
da borda mesentérica e desidratados em etanol (30%, 80%, 90%, 95% e 100%),
permanecendo em cada solugé&o por 10 min, clareadaoslol (10 min), reidratados com
etanol (100%, 95%, 90%, 80% e 70%) e armazenadostamol (70%). Em seguida, os
segmentos foram dissecados sob estereomicrosc@pio ti@ans-iluminagcdo através da
remoc¢ao da tunica mucosa e tunica submucosa, absengdreparados totais de membrana
da tunica muscular. Estes preparados foram lavagesro vezes em tampao fosfato
salinado (PBS) (0,1 M, pH 7.4) e bloqueado por dwaas com PBS contendo soro bovino
albumina (2%), soro de cabra (2%) e Triton X-1006%0) a temperatura ambiente.

Sequencialmente, em eppendorfs, 0s segmentos focalvados em uma solu¢cado contendo



0,86 ng/ml do anticorpo primario anti miosina-V cauda mégurificado (extraido de
coelhos) (1:750) diluido em PBS contendo soro albanbovina (1%), Triton X-100
(0,1%) e soro de cabra (2%) com temperatura angisob agitacdo (48h). Depois da
incubacéo, os tecidos foram lavados duas vezesBSn(®,1M), Triton X-100 (0,1%) e
duas vezes em solugao de PBS (0,1M) acrescida @enfF20 (0,05%). Em seguida, os
tecidos foram incubados no anticorpo secundarigugado com peroxidase (1g/ml)
(1:2000) em temperatura ambiente sob agitacdo J24#dr ultimo, eles foram lavados
guatro vezes durante 15 min com PBS (0,1M) acrescdd Tween-20 (0,05%). A
imunoreacdo com anticorpo conjugado com peroxidaiseevelada por incubagcdo com
0,75 mg/ml de diaminobenzidina e 0,03% d©fem agua (1ml) e PBS 0,1M (1ml) por 15
minutos em temperatura ambiente sob agitacdo. Aa®$bram montadas em meio de
glicerol gel, contendo glicerol (50%), gelatina @gua (0,07 g/ml) e fenol (@/ml). O

controle negativo foi realizado com a omisséo daarpo primario.

Andlise quantitativa e morfométrica dos neuréniagemtéricos miosina-V imunoreativos

Andlise quantitativa

Foi realizada na regido intermediéria da circumfeigéintestinal do jejuno (60-120°;
240-300°), considerando 0° como inser¢cdo meseat@6d. Neurdnios mioentéricos foram
contados sob microscépio de luz (Olympus BX40) cajetiva de 40x, em cinqlenta

campos aleatérios. A area de cada campo microstdipie 0,224 mrh

Anélise morfométrica
As imagens foram obtidas através de camera deredt@ucdo, transmitidas ao

computador e gravadas em disco compacto. A 4red) (de 100 corpos celulares do



jejuno, perfazendo um total de 500 neurbnios popgyr foi mensurada através de um
sistema de andlise de imagens Image-Pro-Plus 4Mhe0rbnios foram distribuidos em

intervalos de classes de 100¢.

Anéalise morfométrica da mucosa intestinal

Outros quinze animais foram injetados com sulfao vihcristina, um agente
bloqueador do fuso mitético, na dose de 1 mg/Kgpeso corporal, na veia peniana duas

horas antes da coleta dos segmentos.

O jejuno foi coletado, aberto ao longo da bordaen&sica e lavado com solugéo
salina, sendo a seguir fixado em formol tampondd@®o) por 6 horas. Apds a fixagdo
procedeu-se a desidratacdo e inclusao em resimdr@ietil-metacrilato. Posteriormente
foram feitos cortes semi-seriados transversaisdointe a cada cinco desprezados) g2
em micrétomo Leica RM 2145, com navalha de vidre.sAc¢des de resina foram coradas

pelo método hematoxilina-eosina (HE).

indice Metafasico

O indice metafasico (IM), expressa 0 numero delaglmetafasicas / nimero total
de células (%), que foi obtido a partir da contag#ancélulas epiteliais interfasicas e
metafasicas, nas criptas do jejuno. Foram quaatifis em microscépio de luz Olympus

BX-40, cerca de 2500 células por animal.

Comportamento vilos e criptas

Foi mensurada a altura de 30 vilosidades e a pidafade de 30 criptas por animal,



perfazendo no total 900 medidas (300 medidas/texttoly em microscopio de luz com
ocular micrometrada. As alturas dos vilos foram iela partir da juncéo cripta-vilo até o
seu apice. A profundidade das criptas foi mensucadaiderando a extensdo entre a juncéo

cripta-vilo até sua base.

Produtos quimicos

Acido ascérbico, Soro albumina bovino (BSA), diaminobenzidina (DAB),
estreptozootocina (STZ), Tween-20, paraformaldedddriton X-100 foram obtidos da

Companhia Quimica Sigma (Sigma Chemical Company,USA



ascorbico (DA) apresentaram niveis similares deolggmbina glicada (p > 0,05). O nivel
plasmatico de acido ascoOrbico apresentou-se remeit 48,7 % nos animais diabéticos
guando comparados com os ndo diabéticos (p < ONib)grupo DA a suplementacdo
elevou os niveis de acido ascorbico em 25,7 % éag&e aos ndo diabéticos (p > 0,05) e

61,9 % em relacdo ao grupo diabético (p < 0,05h€Tal).

Andlise quantitativa dos neurénios mioentéricossimia-V imunoreativos

A condigcéo de diabetes experimental provocou umdagd na densidade neuronal
mioentérica em uma area de 11,2 #nno jejuno, como demonstrado na Figura 1 (p >
0,05). No grupo de animais diabéticos (686,80,27) e DA (792,6t 46,52), ocorreu
reducdo na proporcéo de 28 % e 16 % respectivameatedo comparados ao grupo nao
diabético (947,6- 87,47). A suplementacdo com acido ascorbico nowads diabéticos
promoveu um aumento de 14 % na densidade dos nesimdiosina-V em relacdo aos dos

animais diabéticos nao tratados (p > 0,05).

Perfil celular dos neur6nios mioentéricos miosina\inoreativos

Os resultados referentes & média do perfil neur@med) foi de 289,41+ 5,19 no
grupo nao diabético, 290;46,02 no grupo diabético e 30345,19 no grupo DA (Figura
2). As médias dos perfis celulares foram similares trés grupos analisados (p > 0,05). O

intervalo de 201 a 300nY foi o perfil celular predominante para todos ospgsi(Tabela

2).

Anéalise morfométrica da mucosa intestinal



A mucosa intestinal avaliada através da determinad@ indice metafasico e
mensuragdo da altura dos vilos e profundidade deasr ndo apresentou diferencas

estatisticamente significantes entre os grupos.

O indice metafasico (IM) do grupo diabético @2D,79 %) foi 1,5 % maior em
comparag¢ao com grupo nao diabético (#5584 %) (p > 0,05). O IM obtido para o grupo
DA (10,23+ 1,58 %) foi 1,77 % menor do que o observado eatéel ao grupo diabético

(p > 0,05). Os dados relativos a quantificacdoagiesentados na Figura 3.

A altura (4tm) dos vilos dos animais diabéticos (49448%8,24) foi 7% inferior em
relacdo ao grupo ndo diabético (5344288,57). Os animais do grupo DA (473;86,25)
apresentaram vilos com alturas inferiores aos grupdo diabético e diabético (11% e 4%
de decréscimo, respectivamente). As criptas do ogrd@bético (148,27+ 7,57)
apresentaram profundidade 10% maior que as cripidenciadas no grupo nao diabético
(134,65+ 8,35).

Os animais do grupo DA (123,%76) sofreram 17% de reducdo na profundidade
de suas criptas quando comparados com o grupotid@bé reducdo de 8% quando

comparados com o grupo nao diabético (p > 0,055adss sao apresentados na Figura 4.

Discussao

O quadro clinico do diabetes mellitus foi instalautws animais diabéticos e do
grupo DA, caracterizado pela ocorréncia de polijp@idipsia e polifagia nestes animais,
validando este modelo de diabetes experimentalziddupela droga estreptozootocina.
Observamos este quadro clinico instalado nos maseailias da inducdo do diabetes
estando associados a elevacdo dos niveis glicénoiossrvados pelo teste da glicose

oxidase e hemoglobina glicada.



Comprovamos também que no estado diabético howemweda reducdo do nivel
plasmatico de acido ascorbico, o que também faficedo por Young et al., Garg et al. e
Lindsay et al. em ratos diabéticos [28-30]. Estdugdo estaria associada ao consumo
aumentado do acido ascorbico em funcdo do aumemtesttesse oxidativo ocasionado
pelo diabetes [20,31]. A suplementagdo com &ciddrago, permitiu para os ratos do
grupo DA um aumento no seu nivel plasmatico em &4 uando comparados aos ratos
diabéticos, com manutencdo da glicemia e do queldrico tipico do diabetes para estes
animais.

Para examinar a possivel acdo neuroprotetora do asicorbico na populacdo de
neurdnios mioentéricos, utilizamos a técnica imistolquimica para evidenciagdo dos
neurbnios que apresentam a miosina-V, uma vez sigs @eurdnios possuem uma alta
concentragdo desta proteina, semelhante ao sisgw@so central [24].

Nossos resultados demonstraram uma reducao do agimercurdnios mioentéricos
do grupo de ratos diabéticos (68030,2 neurdnios/11,2 nfinquando comparados ao
grupo dos ratos ndo diabéticos (487,47 neurdnios/11,2 nfjn Resultados similares em
varios segmentos do aparelho digestério em conddgodiabetes mellitus crénico
induzidos experimentalmente pela droga estreptozowt foram relatados previamente

[32,10]. Por outro lado, verificamos que a denseddos neurénios miosina-V no grupo DA



espécies reativas de oxigénio, as quais estdo iadasca ativacdo de uma cascata de
eventos que geram a apoptose [34,35]. Nivel detapeple 1 a 2 % no plexo mioentérico
de ratos diabéticos foi verificado por Guo et 8b6][ Acreditamos que a suplementacdo
com &cido ascorbico poderia ter minimizado o des#g®mmento dos eventos associados a
apoptose com consequente diminuicdo da perda redwo@mo observado no grupo DA.

Ao analisarmos o0s resultados obtidos através daandédperfil celular verificamos
gue nao houve diferencas significativas quandorés grupos foram comparados. Ao
considerarmos especificamente a condicdo de dmbsten o grupo nado diabético,
verificamos divergéncias de nossos resultadosil Belilar aumentado foi observado por
Hernandes et al. e Fregonesi et al. 0s quais &tilbucomo possivel causa, o0 aumento da
concentragéo de sorbitol que levaria a alteracaesstholaridade intracelular, aumentando-
a e resultando em edema e lesdo neuronal [37,8BjelSante aos nossos resultados,
Zanoni et al. também ndo observaram diferencasompararem o perfil celular dos
neurdnios mioentéricos miosina-V do ileo de rat@béticos com os ratos diabéticos
tratados com &cido ascérbico [10]. Por outro ladaurdnios VIP-érgicos do ileo
apresentaram aumento do perfil celular nos ratalséticos e a suplementacdo com acido
ascorbico preveniu este aumento [39]. A nosso aesyplementacdo com &cido ascorbico
exerce um possivel efeito sobre a populacdo nelirpoaém isso ocorre de forma
especifica conforme a sub-populacdo neuronal edtiidéicando evidente o papel
neuroprotetor por exemplo para a populacédo VIRzérgi

A instalagdo do quadro de diabetes experimentgjooo de ratos ndo promoveu
alteragbes no indice metafasico ou na morfometdandicosa intestinal (altura de
vilosidades e profundidade de criptas) dos nossimsags. Dados da literatura revelam que
o intestino delgado de ratos responde ao diabgpesiental com hiperplasia e hipertrofia

da mucosa [40,41] e aumento da espessura da uticaucosa e parede total [41]. Estes



resultados ndo podem ser considerados contragdit@oi® N0sSsos, uma vez que estes autores
mantiveram um quadro de diabetes agudo. Tambénomamm parcialmente com os dados
de Zoubi et al. que ndo detectaram alteracbes méometria das criptas intestinais no
intestino delgado de ratos apds 84 dias de inddoadiabetes mellitus, porém obtiveram
um aumento no indice mitotico [3].

A integridade do epitélio intestinal depende doil@mio entre a proliferagéo,
migracdo e a morte celular ao longo do eixo cryitssidade. Contudo, a despeito da
constante eliminacdo das células, em condi¢coesnratidade, esta integridade € mantida
[42].

Como o sistema nervoso entérico intrinseco medesnal do sistema nervoso
autdbnomo na regulacédo da dindmica do epitélio tinids acreditamos que os resultados
encontrados para a proliferacédo celular da muedsatinal possam estar relacionados com
uma adaptacao da tunica mucosa a patogénese cddnitiabetes mellitus, considerando o
periodo prolongado (120 dias) de manutencdo dorqudidbético. Apesar da manutencao
morfométrica da tunica mucosa, acreditamos queabetis ndo levou a um prejuizo
funcional do jejuno revelando um importante mecanisde adaptacdo intestinal ao
diabetes cronico.

Por outro lado, a ndo ocorréncia de variagbes sabmorfometria da mucosa
intestinal dos animais diabéticos suplementados @cido ascoérbico justifica-se uma vez
que o efeito deste antioxidante sobre os neurdmimentéricos miosina-V, apesar de
existir, ndo foi suficiente para promover altera;8mgnificativas e consequentemente nao
interferiu na mucosa intestinal.

A suplementacdo do &cido ascorbico para ratos c@betds cronico nao
influenciou os pardmetros glicémicos analisados msncaracteristicas morfométricas da

mucosa intestinal, porém consideramos seu efewdiym sobre a populacdo mioentérica



miosina-V imunoreativa.
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Tabela 1.Glicemia (GLI), hemoglobina glicada (GHb) e acidaé@rbico (AA) nos animais
dos grupos: ndo diabético (ND), diabético (D) ebdiao tratado com &cido ascoérbico
(DA). Média + erro-padrao (n=10).

GLI/mg.dr* GHb/% AALg.ml*
ND 129+ 3,92 4,1+0,3% 24,58+5,5%

D 466,4+24.6° 81+02°  12,6+19%

DA 4930+101° 7,9+05°  33,1+25°%

Médias seguidas por letras diferentes na mesmaaaéo
diferentes pelo teste de Tukey (p < 0,05).
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Figura 1. Niamero de neurbnios mioentéricos miosina-V imuatives quantificados em

11,2 mn no jejuno dos animais dos grupos: nao diabético)(Miabético (D) e diabético

tratado com acido ascérbico (DA). Média + erro-pad(n=05). Nao houve diferencas
significativas quando os trés grupos foram compes @lo teste de Tukey (p > 0,05).
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Figura 2. Médias (im?) dos perfis celulares dos neurdnios mioentéricassima-V

imunoreativos nos animais dos grupos: ndo diabdfitd), diabético (D) e diabético
tratado com acido ascérbico (DA). Média * erro-pad(n=05). Ndo houve diferencas
significativas quando os trés grupos foram compes @e@lo testé&t” de Student (p > 0,05).



Tabela 2. Distribuicdo de neurdnios mioentéricos imunoreaivaiosina-V, classificados
guanto ao perfil celular em intervalos de g@0nos animais dos grupos: ndo diabético
(ND), diabético (D) e diabético tratado com acidod@bico (DA). n = 5 ratos por grupo

Grupos
Tamanho ND D DA
<100pum? 07 02 00
101-200um? 113 117 96
201-300pm? 175 172 190
301-400pm? 125 136 114
401-500um? 53 53 62
501-600pm? 19 17 30
601-700pm? 06 02 07
>700um? 02 01 01

Total de neurbnios 500 500 500




14+

12
10 ~
8
6 -
44
24
0
ND D

GRUPOS

Indice Metafasico/ %

DA

Figura 3. Indices metafasicos (%) dos animais dos grupas:digbético (ND), diabético
(D) e diabético tratado com acido ascérbico (DAgdA + erro-padrdo (n=05) Nao houve
diferencgas significativas quando os trés gruposnfocomparados pelo teste de Tukey (p >
0,05).
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Figura 4. Altura dos vilos (m) e profundidade das criptagn) na mucosa jejunal dos

animais dos grupos: nao diabético (ND), diabétib) € diabético tratado com acido

ascorbico (DA). Média + erro-padrdo (n=5). Ndo hediferencas significativas quando os
trés grupos foram comparados pelo teste de Tukey(p5).
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Abstract

We evaluated the effect of the ascorbic acid (AApmEementation on the myenteric
neurons as well as the epithelial cell proliferataf the jejunum of adult rats with chronic
diabetes mellitus. Thirty rats with 90 days of agere divided in three groups: non-
diabetic, diabetic and diabetic treated with asicodeid (DA) (1 g/l). After 120 days of
treatment with AA the animals were killed. The mygit neurons were stained to myosin-
V and analyzed quantitatively in an area of 11.2%animal. We also measured the
cellular profile of 500 neurons per group. We deieed the metaphasic index of the
jejunum mucosa layer of about 2500 cells in thestihal crypts and also measured the
height and depth of 30 villi and 30 crypts/aniniere was an increase of 14% and 4.4 %
in the neuronal density and in the cellular profdspectively of group DA when compared
to the diabetic animals (p > 0.05). There were mmiicant differences as for the
metaphasic index parameters, villi height and cdgyith of crypts among the groups. Our
conclusion was that the AA supplementation for veith chronic diabetes mellitus neither
influenced the glucose parameters analyzed nomttwhometric characteristics of the
intestinal mucosa layer. However, we consideredhad a positive effect on the

immunoreactive myosin-V myenteric population.

Keywords: ascorbic acid, diabetes mellitus, intedtimucosa layer, myenteric neurons,

myosin-V.



Introduction

The diabetes mellitus is characterized by abndymhigh glucose plasmatic
concentrations due to the inadequate secretiomsflin and target-cells with abnormal
reactions, or both situations. The chronic hypergigia and the associated metabolic
abnormalities are responsible for many of the dgise@mplications, including damages to
the blood vessels, eyes, kidneys and nervous syiiem

Due to the diabetes mellitus, the small intestindeugoes morphologic changes in
the mucosa [2,3], impairing the traffic of fooddhgh the intestinal lumen, the secretion of
enteric juices and the absorption of the digespimducts, which depend on the epithelium
integrity lining this organ. The intestinal epitheh is characterized by fast cellular renewal
with continuous proliferation of stem cells insileeberkihn crypts, cellular migration
along the crypt-villi axis, cellular differentiatip polarization, apical apoptosis and luminal
loss [4].

It has been shown that the autonomous nervousmsyisés a role in the intestinal
epithelium renewal and this influence can be studierough the elimination of the
parasympathetic [5], sympathetic [6] or myentenaervation [7]. The enteric nervous
system is a division of the autonomous nervous esysthat is intrinsic in the
gastrointestinal tract, capable to mediate independeflexes (motility, absorption and
secretion). It is constituted of sensorial neurangrneurons and interconnected motor
neurons [8]. The diabetes mellitus causes a dexrgashe enteric innervation with a
consequent onset of the diabetic neuropathy [9ehilsing morphological, physiological
alterations.

Several theories have been proposed to explainngeopathy in the diabetes
mellitus such as: the impaired metabolism of faityds, reduction in the blood supply to

the nerve, advanced products of non enzymatic géytaoxidative stress, inadequate



trophic support and the activation of the polyothpeay [12,13]. The aldose redutase
converts glucose excess in sorbitol [14,15]. Thiigd is the main responsible for edema
occurrence, neuronal lesion [16,17] and the corssqueduction on the speed of the
nervous transport [14]. The sorbitol concentraiwam be reduced in the diabetes mellitus
through the use of the ascorbic acid, an inhilmfdhe enzyme aldose redutase [18,19].
Therefore, the use of ascorbic acid may be beréficiprevent this neuropathy and

maintain the integrity of the intestinal epitheliumthe chronic diabetes mellitus, justifying
the present study. Our aim was to verify its effentthe myenteric neurons myosin-V

immunoreactive and on the intestinal mucosa ofdjusum of rats.

Materials and Methods

Animal procedure

Albino male rats Rattus norvegicys Wistar strain weighing about 300g and aged
90 days were used in this study. The rats were #tdumto a 14-hours-fast and after
injected with streptozotocin (35 mg/kg of body wejgdissolved in citrate buffer (10 mM,
pH 4.5) in the penial vein to induce the diabetedlituas. The onset of diabetes mellitus
was verified by the glycosuria and polyuria.

Thirty rats, divided in three groups of ten animadésh, were used as follows: non
diabetic rats, diabetic rats and diabetic treatéd ascorbic acid (DA). The ascorbic acid
was given for 16 weeks (from the 90 days of ageyater (1 g/L prepared daily) [20]. The
rats were kept in individual cages with photoperi@0Oam - 6:00pm) and at room
temperature (RT) (24th £ 2°C) with water and foNd\(ital® lab chow)ad libitum

At 210 days of age, the rats were anesthetizedpatitoneally with sodium

thiopental - Thionembutal ® (40 mg/kg of body weigiThe blood was collected by heart



puncture for measuring the levels of glycated hdotmg [21], glucose [22] and ascorbic
acid [23]. The animals used in this study wereta@ainder the ethical principles adopted
by the Brazilian College of Animal ExperimentatiQ@OBEA) and approved by Ethics

Committee in Animal Experimentation of the Stateudnsity of Maringa.

Myosin-V neuronal staininf4]

Fifteen animals were perfused with 1ml/body weighsaline solution followed by
perfusion with 1ml/g/body weight of fixation solati containing sodium periodate (10
mM), lysine (75 mM), paraformaldehyde (1 %) in pbloste buffer (PB) (37 mM, pH 7.4)
[25]. Immediately after perfusion, each treatedyfnant of jejunum was removed, rinsed
with saline solution, flushed with fixative soluticand tied in its extremities (balloons).
Thirty minutes after immersed in fixative solutidhg jejunum was opened and left in this
solution for more thirty minutes. Subsequently, $egments were opened along the
mesenteric border and dehydrated in alcohols (808@, 90, 95 and 100 %), remained in
each solution 10 min, cleared in xylol (10 min)hydrated back through the ethanol 100,
95, 90, 80, 70 %, and stored in ethanol 70 %. MMaeds, the segments were dissected
under stereomicroscopy with trans-illumination,otigh the removal of the mucosa and
submucosa layer, obtaining muscular layer whole nteuThese mixtures were washed
four times in phosphate buffered saline (PBS) (@,1pH 7.4) and blocked for two hours
with PBS containing bovine serum albumin (2%), geatum (2%) and Triton X-100
(0.5%) at room temperature. Later, the segments weubated in eppendorfs in a solution
containing 0.86.g/ml of the myosin-V primary antibody (extractedrn rabbits) (1:750)
diluted in PBS, BSA (1%), Triton X-100 (0.1%) andag serum (2%) at room temperature
under agitation (48:00). After incubation, the wiss were rinsed twice in PBS (0.1M),

Triton X-100 (0.1%) and twice in solution of PBSIM) + Tween-20 (0.05%). Then, the



tissues were incubated in peroxidase-conjugatezhsiacy antibodies (fig/ml) (1:1000) at
room temperature under shaking (24 h). Finallyy there rinsed four times during 15 min
in PBS (0.1M) + Tween-20 (0.05%). The staining widroxidase-conjugated antibody was
developed by incubation with 0.75 mg/ml diaminebeinz and 0.03% of D, in water
(Iml) and PBS 0.1M (1ml) for 15 minutes at room penature under shaking. Samples
were mounted in glycerol gel, containing glycera0%), gelatin in water (0.07 g/ml) and
phenol (2ul/ml). The negative control was performed with theission of the primary

antibody.

Quantitative and morphometric analyses of myosstavhed myenteric neurons

Quantitative analysis

It was performed in the intermediate area of thenj@m intestinal circumference
(60-120°; 240-300°), considering the mesenteriergaiction as 0° [26]. Myenteric neurons
were counted in fifty random fields, under lightcnascope (Olympus BX40) with 40x

lens. The area of each microscope field was 0.224 m

Morphometric analysis

The images were taken with a high-resolution camdransmitted to the
microcomputer and recorded into compact disk. Tiea §um?) of 100 cell bodies of the
jejunum, in a total of 500 neurons per group, wasasared through an image analysis
system, the Image-Pro-Plus 4.0. The neurons wetehdited in classes intervals of 100

e

Morphometric analysis of the intestinal mucosa



Additional 15 animals were injected with vincrigjra blocking agent of the mitotic
fuse, at a dose of 1 mg/Kg of body weight, in tkaipl vein two hours before the segments
collection.

The jejunum was collected, open along the mesentsider and washed with
saline solution, fixed in buffered paraformaldehyd8%) for 6 hours. After fixation, they
were dehydrated and immersed in resin 2-hydroxme¢lacrilate. Later, |m transverse
semi-serial sections were made (a section for d@ehdiscarded), in Leica RM 2145
microtome, with a glass razor. The resin sectiomewstained by the hematoxylin-eosin

method (HE).

Metaphasic Index
The metaphasic index (IM) shows the number of nietsaig cells / total number of
cells (%) that was obtained from the interphasit ene@taphasic epithelial cells in the crypts

of the jejunum. 2500 cells per animal were quasdifinder a light microscope.

Villi and crypts

We measured the height of 30 villosities and thetldef 30 crypts per animal, in a
total of 900 measurements (300 measurements/tragtmender light microscope with
ocular micrometer. The heights of the villi wereasered from the crypt-villus junction to
its apex. The depth of the crypts was measurediademsg the extension between the

crypt-villus junction to its base.

Chemical products



Ascorbic acid, Serum albumin bovine (BSA), diamiaendine (DAB),
streptozotocin (STZ), Tween-20, paraformaldehydd &nton X-100 were obtained at
Sigma Chemical Company, USA); Vincristine sulfatéli (Lilly of Brazil, Brazil);
Historesin kit (Leica); secondary antibody conjeghatvith peroxidase serum anti-rabbit
IgG (Pierce, Rockford, USES). The polyclonal antifp@anti myosin-V was characterized

by Espreafico et al. [27].

Statistical analysis

The data were submitted to analysis of variance@®&N)) and the test of Tukey as
a post-test to compare the means. Since the aditbareas of the neurons did not have an
even distribution, we used the Variance AnalysiyOVA and the "t" of Student to
compare the means. The analyses were accomplisttethe prism 3.0 software. The data
are shown as means (M) + standard error (EP) asdacator of the observation number

(n). The level of significance was P < 0.05.

Results

The streptozotocin promoted the onset of the dialssindrome with accentuated
hyperglycemia. The diabetic rats and the diabetiated with ascorbic acid (DA) had
similar levels of glycated hemoglobin (p > 0.05hefe was a reduction of 48.7% in the
plasmatic level of ascorbic acid in the diabetiovaals when compared to the non-diabetics
(p < 0.05). The supplementation in group DA inceshsheir level of ascorbic acid in
25.7% when compared to the non-diabetics (p > Cabdi) 61.9% when compared to the

diabetic group (p < 0.05) (Table 1).

Quantitative analysis of the myosin-V stained ngr@mnheurons



The experimental diabetes mellitus conditionseaua reduction in the myenteric
neuronal density in an area of 11.2 fimthe jejunum, as shown in Figure 1 (p> 0.05).
There was a reduction of 28% and 16% in the dialigoup and DA respectively when
compared to the non-diabetic group. The ascorbid agpplementation in the diabetic
animals caused a 14 % increase in the density efniosin-V stained neurons when

compared to the non-treated diabetic animals (05)0

Cellular profile of myenteric neurons myosin-V std

The results regarding the neuronal profile me@ns) were 289.41 + 5.19 for the
non-diabetic group, 290.1 + 6.02 for the diabetioup and 303.4 + 5.19 for group DA
(Figure 2). The means of the cellular profiles wairailar for the three studied groups (p >
0.05). The 201-30Qm? interval was the predominant cellular profile &rgroups (Table

2).

Morphometric analysis of the intestinal mucosa

The intestinal mucosa, assessed through the dettion of the metaphasic index
and measurements of the height of the villus aqdihdef crypts, did not show statistically
significative differences among the groups.

The metaphasic index (IM) of the diabetic group W&o higher when compared
with the non-diabetic group (p > 0.05). The MI ob&al for group DA was 1.77% smaller
than the one observed in the diabetic group (®%)0The quantification data are presented
in Figure 3.

The villus height im) of the diabetic animals was 7% inferior in r@latto the
non-diabetic group. The animals from the DA groap hillus with lower heights than the

non-diabetic and diabetic groups (11% and 4% lovespectively) (p > 0.05).



The crypts of the diabetic group were 10% deepan the crypts observed in the
non-diabetic group. The animals from group DA showel7% reduction in the depth of
their crypts when compared to the diabetic groug, @ 8% reduction when compared to

the non-diabetic group (p > 0.05). The data areveha Figure 4.

Discussion

We observed the onset of diabetes mellitus in tldedic animals and the DA
group, characterized by polyuria, polydipsia andlyploagia, thus, validating this
experimental model of streptozotocin-induced diedenellitus. The onset occurred in the
first days of the induction and is associated ®dlevation of the glucose levels observed
by the glucose oxidase and glycated hemoglobin test

We also verified a sharp reduction of the plasmiatrel of ascorbic acid due to the
diabetes mellitus, which was also verified by Yow@l., Garg et al. and Lindsay et al. in
diabetic rats [28-30]. This reduction might be assted to the increased consumption of
the ascorbic acid due to the increase of the oxelatress caused by the diabetes mellitus
[20,31]. The supplementation with ascorbic acidwadd the rats from the DA group an
increase of 61.9% in their plasmatic level when parad to the diabetic rats, maintaining
the glycemia and typical state of diabetes mellitughese animals.

In order to examine the possible neuroprotectoomaadf the ascorbic acid in the
population of myenteric neurons, we used the imrhigtochemical technique for staining
the neurons that had myosin-V, since these neuhane a high concentration of this
protein, similar to the central nervous system [24]

Our results showed a reduction in the number ofntgréc neurons of the diabetic
rats group (680 + 30.2 neurons/11.2 fimhen compared to the non-diabetic rats (947 +

87.47 neurons/11.2 nfin Similar results in several segments of the digestract of



streptozotocin-induced chronic diabetes mellitusehalready been reported previously
[32,10]. On the other hand, we observed that tmsitdeof the myosin-V neurons of group
DA was 14% bigger than the diabetic rats grouphddigh the data regarding the neuronal
guantification were not statistically significabiyt we consider these results positive when
compared diabetic group and DA respectively.

The small loss observed in group DA could be aiteld to the ascorbic acid being
an inhibitor of the enzyme aldose reductase, lepttira smaller production of sorbitol [18]
and also for being an antioxidant [33]. Moreovék bnset of the diabetic neuropathy is
associated to the mitochondrial dysfunction witle tonsequent formation of oxygen
reactive species, which are associated to theadictivof a cascade of events that generate
the apoptosis [34,35]. Guo et al. observed apaptieskels ranging from 1 to 2% in the
myenteric plexus of diabetic rats [36]. We belighat the acid ascorbic supplementation
may have lessened the triggering of events assalciatthe apoptosis with the consequent
decrease of the neuronal loss as observed in dgdup

When analyzing the results obtained through thkileelprofile mean we verified
there were no significative differences when thee¢hgroups were compared. When
considering specifically the diabetic condition hvithe non-diabetic group, we noticed
some divergences in our results. Hernandes ehdlFeegonesi et al. observed an increase
in the cellular profile [37,38]. They attributed aspossible cause the increase on the
sorbitol concentration that would lead to changethe intracellular osmolality, increasing
it and resulting in edema and neuronal lesion. Bmio our results, Zanoni et al. also did
not observe differences when they compared theilaelprofile of the myosin-v-stained
myenteric neurons of the ileum of diabetic ratshvilte acid ascorbic diabetic-treated rats
[10]. On the other hand, VIP-ergic neurons of feam showed an increase in their cellular

profile in the diabetic rats and the supplementatmith ascorbic acid prevented this



increase [39]. We believe that the ascorbic acgpRmentation has a possible effect on the
neuronal population. However, this happens in aciipeway, depending on the
subpopulation studied: for example, it is evidésiieuroprotector role for the Vip-ergic.

The onset of the experimental diabetes mellituhénjejunum of rats did not cause
alterations in the metaphasic index or in the morpétry of the intestinal mucosa
(villosities height and depth of crypts) of our mals. The literature data reveal that the
small intestine of rats responds to the experintevith hyperplasia and hypertrophy of the
mucosa [40,41] and increase of the thickness ofthmnucosa layer and total wall [41].
These results cannot be considered contradictoguts, since these authors maintained
acute diabetes. They also agree partially withd&a of Zoubi et al., who did not detect
alterations in the morphometry of the intestingipts in the small intestine of rats after 84
days of inducing the diabetes mellitus [03]. Howewbdey observed an increase in the
mitotic index.

The integrity of the intestinal epithelium depends the balance among the
proliferation, migration and cellular death alomg tcrypt-villosity axis. However, despite
the constant elimination of cells, in normal comatis, this integrity is maintained [42].

As the intrinsic enteric nervous system mediates gilgnal of the autonomous
nervous system in regulating the dynamics of tihestmal epithelium, we believe that the
results found for the cellular proliferation of tih@estinal mucosa may be related to an
adaptation of the mucosa layer to the chronic pgthesis of the diabetes mellitus (if we
consider the long period (120 days) of maintainithg diabetes mellitus). Despite
maintaining the morphometry of mucosa layer, wespnee that the diabetes mellitus did
not lead to a functional damage of the jejunum aémg an important mechanism of

intestinal adaptation to chronic diabetes mellitus.



On the other hand, the absence of morphometriati@ns on the intestinal mucosa
of the diabetic rats supplemented with ascorbid agijustified since the effect of this
antioxidant on the myenteric neurons, although gmgswas not enough to promote
significative changes and, consequently, did negrfare in the intestinal mucosa.

The ascorbic acid supplementation for rats withoolr diabetes mellitus neither
influenced the analyzed glycemia parameters nomibgphometric characteristics of the
intestinal mucosa. However, we consider its efi@etthe myosin-V-stained myenteric

population as positive.
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Table 1. Glycemia (GLI), glycated hemoglobin (GHb) e ascorécid (AA) for animals in
groups: non-diabetic (ND), diabetic (D) e diabdteated with ascorbic acid (DA). Mean *

standard error (n=10).

GLl/mg.drt GHb/% AAlug.mrt
ND 129+ 3.9° 4.1+0.3? 24.58+5.5°2
D 466.4+ 24.6" 8.1+0.2° 12.6+ 1.9%
DA 493.0+ 10.1° 7.9+ 0.5° 33.1+ 2.5%

Means followed by different letters in the sameuoah are different by

test of Tukey (p < 0.05)
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Figure 1. Number of myenteric neurons myosin-V stained qfiadtin 11.2 mr# in the
jejunum of rats from groups: non-diabetic (ND), litic (D) e diabetic-treated with
ascorbic acid (DA). Mean * standard error (n=03)eré were no significative differences

when comparing the three groups by test of Tukey 0.05).
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Figure 2. Means (im?) of cellular profiles of myosin-V-stained myentemeurons in
animals from groups: non-diabetic (ND), diabetiq @diabetic-treated with ascorbic acid
(DA). Mean + standard error (n=05). There were mgniicative differences when

comparing the three groups by test “t” of Student (.05).



Table 2. Distribution of myosin-V stained myenteric neuroasssified according tho their
cellular profile in intervals of 1Q0m? in animals from groups: non-diabetic (ND), diabeti

(D) e diabetic-treated with ascorbic acid (DA). B xats per group

Groups

Size ND D DA
<100pum? 07 02 00
101-200um? 113 117 96
201-300um? 175 172 190
301-400um? 125 136 114
401-500um? 53 53 62
501-600um? 19 17 30
601-700um? 06 02 07
>700um? 02 01 01

Total of 500 500 500
neurons
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Figure 3. Metaphasic indexes (%) of animals from groups:-dm@tetic (ND), diabetic (D)
e diabetic-treated with ascorbic acid (DA). Meastandard error (n=05). There were no

significative differences when comparing the thyesups by test of Tukey (p > 0.05).
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Figure 4. Villus height @m) and crypt depthufm) in the jejunal mucosa of animals from
groups: non-diabetic (ND), diabetic (D) and diabe¢teated with ascorbic acid (DA). Mean

+ standard-error (n=5). There were no significatiierences when comparing the three

groups by test of Tukey (p > 0.05).
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