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APRESENTACAO

Esta tese € composta de dois artigos cientifiausial descrevendo os efeitos do
tratamento com insulina na populacao total e sylagdes de neurdnios mioentéricos no
artigo “Efeitos do tratamento com insulina sobre os neuréins mioentéricos HUC/HuD,
NADH diaforase positivos e nNOS do duodeno de rat@lultos com diabetes agudo”

Tem continuidade com o artig&studo morfométrico dos neurdénios HUC/HuD e nNOS
do duodeno de ratos com diabetes agudo tratados cansulina” que descreve os efeitos
do tratamento com insulina nas areas dos perfidaces e nucleares dos neurénios do plexo
mioentérico de ratos diabéticos tratados com ingaulEm consonancia com as regras do
Programa de Pds-graduacdo em Ciéncias Bioldgicasstmos foram redigidos de acordo
com as revistas: Digestive Disease and Sciencarealmf Gastroenterology.
1)
1.1 - Sénia Trannin de Mello, Marcilio Hubner deréfida Neto, Jacqueline Nelisis Zanoni,
Maria Montserrat D. P. Furlan. Efeitos do tratamenbm insulina sobre os neurdnios
mioentéricos HUC/HuD, NADH diaforase positivos eO@Bldo duodeno de ratos adultos com
diabetes agudo.

Pagina 01
1.2 - Sénia Trannin de Mello, Marcilio Hubner deréfida Neto, Jacqueline Nelisis Zanoni,
Maria Montserrat D. P. Furlan. Effects of Insuliredtment on HuC/HuD, NADH Diaphorase,
and nNOS-Positive Myoenteric Neurons of the Duodewnfl Adult Rats with Acute Diabetes.
Este artigo foi aceito pela revista Digestive Dss=aScience (DOI: 10.1007/s10620-008-
0430-8) em Junho de 2008, encontrando-se ja digplond formato online. Normas da
revista em anexo.
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2.1 - Sénia Trannin de Mello, Marcilio Hubner derafida Neto, Jacqueline Nelisis Zanoni,
Sonia Lucy Molinari. Estudo morfométrico dos neuo8nHuC/HuD e nNOS do duodeno de
ratos com diabetes agudo tratados com insulina.

Pagina 44.
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Sonia Lucy Molinari. Morphometric study of the HU{I/D e nNOS neurons of the
duodenum of rats with acute diabetes treated witulin. Este artigo foi submetido a
apreciacdo, visando publicacdo na revista JourhaGastroenterology, em 02/10/2008.
Normas da revista em anexo.

Pagina 63.



RESUMO GERAL

A combinacdo de desordens na sinalizacdo intragelcbm alteragbes quantitativas e
neuroquimicas dos neurbnios do SNE pode estariopba com perdas neuronais e
problemas clinicos relevantes das manifestacoesldgicas do diabetes mellitus, como, por
exemplo, dilatacdo do estébmago, dos intestinosadelge grosso, constipacdo e diarréia
diabética. Realizamos este trabalho com o objateveerificar se o tratamento com insulina
previne alteracBes na densidade e nas areas dos qatulares e nucleares dos neurdnios
mioentéricos no duodeno de ratos Wistar com diaksgado induzido por estreptozootocina.
Os neurénios foram evidenciados pelas seguintagcgé histoquimica da NADH diaforase e
imunohistoquimica da nNOS e HuC/HuD. Foram utileza®0 ratos Wistar machos, com 7
meses de idade (g), obtidos no Biotério CentralUthiversidade Estadual de Maringa,
divididos em 3 grupos: grupo controle (C), diak@{iD) e diabético tratado com insulina (T).
Os animais foram alojados em gaiolas metabdlicdwiduais e mantidos em temperatura
constante com foto-periodo de 12 horas. Ai perneaetpor 7 dias, recebendo agua e racao
NUVILAB ad libitum O diabetes foi induzido nos grupos D e T, porantk injecéo e.v. de
estreptozootocina (35mg/Kg de peso corporal). yusgo ao sexto dia do experimento 0s
animais do grupo T receberam, no periodo da manjegao subcutanea de insulina NPH,
dissolvida em solugcdo salina (0,9%) na dose de K@UDurante esse periodo foram
controlados os parametros peso corporal, ingestédyda e alimentos e eliminacdo de urina
de todos os animais. Ao fim do sétimo dia do periexberimental os animais foram mortos
por meio de injecao intraperitoneal de tiopent@hid/kg). Coletou-se sangue e realizou-se a
dosagem da glicemia em jejum. A seguir, por meiama laparotomia, os duodenos foram
coletados para realizacdo das técnicas histoquimicaunohistoquimica. A densidade de
neurdnios foi avaliada com as técnicas da NADHodésfe, NnNOS e HUC/HuD. As éareas dos

perfis celulares foram avaliadas com as técnicasN\daS e HuC/HuD, e as areas dos perfis



nucleares com a técnica da nNOS. Os resultados fetdometidos a analise estatistica por
meio dos programas Statistica e GraphPad Prisntdoserpressos como média + desvio
padrdo. Os animais do grupo diabético (D) sofrgpanda de peso superior a média de perda
sofrida pelos controles (grupo C), enquanto o fimateo com insulina (grupo T) preveniu a
perda de peso em trés animais e levou a uma nraipongao de gordura visceral em todos os
animais desse grup@ tratamento com insulina ndo preveniu a perdaopeede neurdnios
mioentéricos HUC/HuD. A densidade de neurbnios nNiOSitivos ndo sofreu alteracdes
significantes nos grupos D e T. A densidade deGmeos NADHd positivos nos animais dos
grupos D e T foi maior que no grupo C, indicande ga fase aguda o diabetes leva a um
aumento na atividade das enzimas da cadeia resprafs areas dos perfis celulares dos
neurdnios HUC/HUD do plexo mioentérico dos aninm@isgrupo D (243,69+18,91 fin
apresentaram-se significativamente menores do sjdesagrupos C (288,18+17,81 fira T
(284,11+30,64 pR). Na técnica da nNOS, as areas dos perfis cefutine animais do grupo

D (293,32+24,65 uf) apresentaram-se significantemente menores doaguéreas dos
animais do grupo C (331,73+17,58 )mOs perfis dos nlcleos dos neurénios nNOS dos
animais do grupo D (152,36+3,52 fireram significantemente menores que o verificas®d n
grupos C (178,29+9,0 [Ane T (163,47+550 ufh Nota-se também que a relacéo
nacleo/citoplasma foi mantida, ou seja, as areaspaofis dos ndcleos, quando comparadas
com as areas dos perfis celulares, representaxagrupo C, 53,74%; no grupo D, 51,94%; e
no grupo T, 54,12%. Discute-se que a sintese deipes € um processo que ocorre de
maneira integrada entre nucleo e citoplasma, e a@ufalta aguda de insulina afeta
simultaneamente esses dois compartimentos celdaserseurdnios nNOS. Em sintese: 1) O
tratamento com insulina é capaz de prevenir a paydda de peso em parte dos animais; 2) a
insulina, devido a sua acdo anabdlica e poupadorandrgia, levou & manutencdo de uma

maior propor¢cdo de gordura nos animais do grupbétieo tratado com insulina; 3) o



tratamento com insulina ndo previne a perda predeeaeurdnios HuUC/HuD no plexo
mioentérico do duodeno de ratos diabéticos; 4) mana de neurdonios nNOS positivos nao
sofre alteracdes significantes no diabetes agualo, @u sem tratamento com insulina; 5) a
maior densidade de neurdénios NADHd positivos momsiais dos grupos D e T indicam que
na fase aguda o diabetes leva a um aumento ndeatéevide enzimas da cadeia respiratéria
desses neurdnios; 6) as areas dos perfis celulaseseurdnios HuC/HuD e nNOS sofreram
reducdes significantes nos animais do grupo Ds@raas dos perfis nucleares dos neurénios

NNOS sofreram reducdes significantes nos animaggujmo D.

PALAVRAS-CHAVE : neurdnios mioentéricos; diabetes agudo; insutleasidade neuronal;

perfil celular; relacdo nucleo/citoplasma.



ABSTRACT

The combination of disorders in intracellular silgma with quantitative and neurochemical
changes of the neurons of the ENS can be relatetdoonal losses and relevant clinical
problems of the neurological manifestations of diab mellitus, such as dilatation of the
stomach, of the small and large intestines, gaatesis, constipation and diabetic diarrhea.
We carried out this work with the purpose of vearity whether insulin treatment prevents
changes in the density and areas of cell body antkus profiles of myoenteric neurons from
the duodenum of Wistar rats with acute streptoZotowluced diabetes. The neurons were
stained with the following techniques: NADH diapase histochemistry and nNOS and
HuC/HuD immunohistochemistry. It was used 30 malestsV rats aging seven months,
supplied by the Central Animal House of the Stateversity of Maringa, divided into three
groups: control group (C), diabetic group (D) andulin-treated diabetic groups (T). The
animals were housed in individual metabolic cages kept at constant temperature and 12-
hour photoperiod for seven days underlibitum supply of water and NUVILAB rat chow.
Diabetes was induced in groups D and T throughimnjection of streptozotocin (35 mg/kg
body weight). From the second to the sixth mormmhthe experiment the animals from group
T received subcutaneous injections of NPH insuigsalved in saline solution (0.9%) at the
dose of 10 U/kg body weight. During this period padeight, water and food ingestion and
urine volume were recorded. At the end of the seveay the animals were killed with i.p.
injection of thiopental (40 mg/kg body weight). Btb was collected and fasting plasma
glucose was determined. The duodenum was colléhtedgh laparotomy and subjected to
the histochemical and immunohistochemical techrgqlibe density of neurons was assessed
with the techniques of NADH diaphorase, nNOS an€CHuD. The areas of the cell body

profiles were evaluated with the techniques of nN&»@ HuC/HuD, and the areas of the



nuclear profiles with the technique of NNOS. Thseuits were subjected to statistical analysis
with the softwares Statistica and GraphPad Prisgingo expressed as meanzstandard
deviation. The animals from group D had a body Weigss greater than the mean of group C,
while insulin treatment (group T) prevented this three animals and led to a greater
proportion of visceral fat in all the animals ofstlgroup. However, insulin treatment did not
prevent the early loss of HUC/HuD myoenteric nearofhe density of nNOS-positive
neurons did not change significantly in groups @ dnh The density of NADHd-positive
neurons in the animals of groups D and T was gréh#a in group C, indicating that in its
acute phase diabetes leads to an increase ontiigyaaf the respiratory chain enzymes. The
areas of the cell body profiles of the HuUC/HuD-pigsi neurons of the myoenteric plexus of
the animals from group D (243.69+18.91 {)mvere significantly smaller than those of groups
C (288.18+17.81 pfy and T (284.11+30.64 pin The nNOS technique evidenced areas of
cell body profiles in group D (293.32+24.65 fjravhich were significantly smaller than those
of group C (331.73+17.58 |fn The nuclear profiles of the nNOS-positive newsrari the
animals from group D (152.36+3.52 f)mwere markedly smaller than in group C
(178.29+9.0 purf) and T (163.47+5.50 pih It is noticed as well that the nucleus/cytoplasm
ratio was maintained, that his, the areas of tletean profiles, when compared to the areas of
the cell body profiles, represented 53.74% in gr@yb1.94% in group D and 54.12% in
group T. It is discussed that protein synthesi@s pgocess occurring in an integrated manner
between the nucleus and the cytoplasm, and thatdime lack of insulin affects equally both
these cellular compartments of the nNOS-positiverores. In summary: 1) Insulin treatment
is capable of preventing the acute body weight iosome of the animals; 2) Insulin, due to
its anabolic and energy-saving actions, led to ant@aance of a greater proportion of fat in
the animals from the insulin-treated diabetic graBjplnsulin treatment does not prevent the

early loss of HuC/HuD-positive neurons of the myeen plexus of the duodenum of



diabetic rats; 4) The number of NNOS-positive nagrdoes not change significantly in acute
diabetes either with or without insulin treatméesit;The greater density of NADHd-positive
neurons in the animals from groups D and T inditiaé acute diabetes increases the activity
of respiratory-chain enzymes of these neurons;H dreas of the cell body profiles of the
HuC/HuD- and nNOS-positive neurons were signifisargduced in the animals from group
D; 7) The areas of the nuclear profiles of the nN#Sitive neurons were markedly reduced

in the animals from group D.

KEY WORDS: myoenteric neurons; acute diabetes; insulin; nelrdensity; cellular profile,

nucleus/cytoplasm ratio.
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RESUMO
Realizamos este trabalho com o objetivo de verifssao tratamento com insulina previne
alteracbes na densidade de neurénios mioentércosiodeno de ratos Wistar com diabetes
agudo induzido por estreptozootocina. Os animaigrdpo diabético (D) sofreram perda de
peso superior a meédia de perda sofrida pelos destfgrupo C), enquanto o tratamento com
insulina (grupo T) preveniu a perda de peso eman@®mais e levou a uma maior propor¢ao
de gordura visceral em todos os animais desse glupatamento com insulina ndo preveniu
a perda precoce de neurbnios mioentéricos HuC/HuRlensidade de neurdnios nNOS
positivos ndo sofreu alteracdes significantes mogpas D e T. A densidade de neurbnios
NADHd positivos nos animais dos grupos D e T faaion que no grupo C, indicando que na

fase aguda o diabetes leva a um aumento na atevaglenzimas da cadeia respiratoria.

PALAVRAS-CHAVE: neurbnios mioentéricos, diabetes agudo, duodésd© Sy NADHd



Introducéo

O termo diabetes descreve varias sindromes do afistab relacionadas com
reducdo relativa ou absoluta de secrecdo de iasutiaracterizadas por hiperglicemia e
variados graus de resisténcia periférica & acaostéing.

O SNE apresenta habilidade Unica no controle damaadas fungdes intestinais,
como a regulacéo da absorcao/secrecao, contromtillizdade e do tdbnus vascular, ndo sendo
surpresa que injurias resultem em desordens efiiss(digestivos ®

A combinacéo de desordens na sinalizacdo intracekom alteracdes quantitativas e
neuroquimicas dos neurénios do SNE podem estariopidas com perda neuronal e com
problemas clinicos resultantes das manifestacaesldgicas do diabetes mellitus, como, por
exemplo, dilatacdo do estdmago, dos intestinosadelge grosso, constipacdo e diarréia
diabéticd*".

Propriedades histoquimicas e eletrofisioldgicas traps que 80 a 100 milhdes de
neurdnios entéricos podem ser classificados empsepblacdes distintas, como neurénios
aferentes primérios, interneurénios, neurdnios restmeurdnios secretomotores e neurdnios
vasomotore$

Sub-populag¢des neuronais sao diferentemente asepadia diabetes, de acordo com o
segmento intestiffa® bem como de acordo com distintas formas de texttone com a
duracéo do diabetEs'® Estudos prévios tém mostrado reducdo no nimernedednios
entérico$®**

Tendo como base a populagéo total e as sub-poeslagiironais com suas diferentes
funcdes no SNE, realizamos este trabalho com diwbjde investigar, no duodeno de ratos,
os efeitos do diabetes agudo experimental e danteito com insulina, sob 0s seguintes

parametros: 1) densidade total de neurdnios mineogé— HUC/HuD; 2) densidade da sub-



populacdo de neurdnios nitrérgicos — NNOS; 3) idads da sub-populacdo de neurbnios

NADHd+ .

Material e Métodos

Grupos de estudo

Todos os experimentos descritos neste artigo elst@&wordo com 0s principios éticos
do Colégio Brasileiro de Experimentacdo Animal (28 e foram previamente submetidos
a andlise do Comité de Etica em Experimentacéo Anilm Universidade Estadual e Maringa
— UEM (Protocolo N° 006/2005).

Foram utilizados 30 ratos Wistar machos, com 7esiele idade, obtidos no Biotério
Central da Universidade Estadual de Maringa, diigiem trés grupos: grupo controle (C),
diabético (D) e diabético tratado com insulina (O animais foram alojados em gaiolas
metabolicas individuais e mantidos em temperatarstante, com foto-periodo de 12 horas.
Ai permaneceram por 7 dias, recebendo agua e RIg&tLAB ad libitum

No primeiro dia do experimento, apds jejum nabyras ratos dos grupos D e T
receberam injecéo i.v. de estreptozootocina pahacéo do diabetes (35mg/kg peso corporal,
Sigma, St. Louis, MO, USA) dissolvidos em tamp&catd pH 4.5 (10mM). Apés inducéo, a
glicemia dos animais foi determinada pelo métodaglitnse oxidas® para confirmar o
estabelecimento do modelo experimental. Todos oeaés dos grupos D e T apresentaram
glicemia superior a 21 g/dl. O grupo C recebeu volume equivalente de veiculo.

Nos cinco dias subsequentes o grupo T recebeunaaidd injecdo subcutanea de
insulina NPH dissolvida em solucdo salina (0,9%)dose de 10U/Kg (NovofthN. Novo
Nordisk A/S. Dinamarca). Foram mensurados diaridenenpeso corporal, o consumo de

alimento, de agua, e o volume urinario eliminado.



No sexto dia suspendeu-se a injecédo de insulirgruqm T e todos os animais foram
colocados em jejum noturno; no sétimo dia do per@dgerimental, os animais foram mortos,
sendo previamente anestesiados com dose intrapitde 40mg/kg de tiopental (Abbott
Labs., Chicago, IL, USA).

Por puncdo cardiaca, coletou-se sangue para déalidg glicemia de jejum, e
posteriormente realizou-se uma laparotomia par&t@otos duodenos e das gorduras
periepididimal e retroperitoneal. As gorduras fonaesadas, e foi calculada a proporcao para
cada 100 gramas de peso corporal. Os duodenos fetaados, tomando-se como limites o
piloro e a flexura duodenojejunal. Foram pesadasseguir mensurados seu comprimento e
sua largura.

As amostras de duodenos submetidas as técnicashistoguimica foram lavadas em
PBS pH 7.4 (0.1M) e infladas com soluc&o fixade&edmborfi* e mantidas sob refrigeracéo,
por 18 horas, na mesma solucédo. Ao fim deste perimglsegmentos foram abertos ao longo
da borda mesentérica e lavados sucessivamenteceal 80% para remocéo de todo fixador.
Na sequéncia, foram desidratados em alcool (95%0@%), diafanizados em xilol e
reidratados em séries decrescente de alcoois (190%, 80%, 50%) e, ao final, colocados
em solucdo de PBS 0.1M. A seguir, 0s segmentosnfatssecados para obtencdo dos
preparados de membrana.

Os duodenos foram preparados para a técnica hisimgu da NADH-diaforase,
imunohistoquimica anti-HUC/HuD, que marca proteiraguturais presentes em todos 0s
neurénios, e imunohistoquimica anti-oxido nitriodase neuronal (nNOS), como segue

- HuC/HuD**> Os preparados totais foram lavados duas vezes (fQtam cada
lavagem) em solucédo de PBS 0.1M acrescida de TXid@0 (0.5%). Apds, foram incubados

em BSA (1% PBS 0.1M), permanecendo nessa solugéb lpara, em temperatura ambiente.



Foram incubados em anticorpo primario anti-HuC/HtiRbela 1), diluido em solugéo
contendo BSA 1%, Triton X-100 (0.5%) e PBS 0,1M g8rhoras, em temperatura ambiente.
Os tecidos foram lavados por trés vezes em PBSubanlos com anticorpo secundario
(Tabela 1) por 2 horas em temperatura ambientes Ajpéam lavados trés vezes sucessivas
em PBS. Foram montados em lamina com glicerol taego (9:1) e armazenados em
geladeira. Controle negativo foi feito com a omisdé anticorpo primario

- nNOS® Os preparados foram inicialmente lavados tréssvere solucdo de PBS e
Triton X-100 (0,5%). Na seqUéncia, foram incubadosBSA (1% em PBS) durante 1 hora.
Apés o bloqueio, os tecidos foram incubados porhdgas, temperatura ambiente, com
anticorpo primario especifico para nNOS (Tabela0E) tecidos foram lavados por trés vezes
em PBS e incubados com anticorpo secundario (Tabelpor 2 horas em temperatura
ambiente. Terminado esse periodo, foram lavados@®rezes sucessivas em PBS. Controle
negativo foi feito com a omisséo do anticorpo prima

- NADH-diaforase:Os duodenos foram amarrados nas duas extremidpdsserem
injetados com solucéo de Krebs. Imersos por 5 m#etn solugcdo de Triton X-100 0,3%
(Sigma, St, Louis, MO, USA), na sequéncia foramatis por duas vezes em solugdo de
Krebs. Apds, foram imersos em solug¢do contghADH (Sigma, St, Louis, MO, USA) e
Nitro Blue Tetrazolium (Sigma, St. Louis, MO, USApor 45 minutos. A reacao foi
interrompida com solugdo de formol tamponado. G&saduodenais foram dissecados sob
estereomicroscopio para obtencdo dos preparadosedirana. Apés, foram desidratados e
diafanizados, e montados entre lamina e laminulproduto da reacdo de NADH-d aparece

com uma coloracgéo de diferentes tonalidades dépdzpura.



Andlise quantitativa dos neurdnios mioentéricos D, nNOS imunoreativos e
NADHd positivos.

A quantificacdo dos neurdnios mioentéricos HUC/HeiNOS imunoreativos e
NADHd positivos foi realizada por meio de imageididas por amostragem. As imagens
foram capturadas por uma camera de alta resolugdg@CaAm (Zeiss, Jena, Alemanha),
acoplada ao microscoépio de luz Axioskop Plus (Jetsansferidas para um computador pelo
programa AxioVision 4 versédo 4.1 e gravadas em eamgisc (CD). O software de analise
de imagens Image-Pro Plus verséao 4.5.0.29 (Medwe@gtics, Silver Spring, MD, EUA) foi
utilizado para a realizacéo da quantificacdo nealras imagens gravadas em CD.

Para cada animal foram contados todos os newrdmiesentes em 30 imagens,
capturadas em objetiva de 20X. A area de cada imagensurada pelo Image-Pro Plus, foi

de 0,369 mr, totalizando 11,07 mfn

Andlise Estatistica

Os resultados foram submetidos a analise estatisicmeio dos programas Statistica
e GraphPad Prism, sendo expressos como média iodesdrdao. Os dados quantitativos
foram analisados em bloco seguido pelo teste deyluRara os outros resultados usamos
andlise de variancia One-way ANOVA, seguido doetes Tukey. O nivel de significancia

foi de 5%.

Resultados
No dia seguinte a injecdo de estreptozootocinaprmsumo de agua e o volume
urinario para 100g de peso corporal nos animaigrdpo D foi de 17,11 ml e 6,17 ml,

enquanto no grupo T foi de 15,84 ml e 7,89 ml, eeBpamente. Esses valores sdo bem



superiores ao verificado no grupo C, 10,46 ml deaag 1,39 ml de urina, indicando a
instalacéo do quadro de diabetes nos grupos D e T.

No decorrer do experimento, a polidpsia e a paliSomaram-se a perda significante
de peso corporal nos grupos D e T. No final do expnto, a hiperglicemia confirmou a
ocorréncia do diabetes.

A média de consumo de alimento do grupo C foirdistnente superior a dos grupos
D e T, sem, contudo, apresentar diferenca significaPor outro lado, a quantidade de
gordura retroperitoneal e epididimal apresentosegerior no grupo T. (Tabela 2)

Os animais do grupo D desenvolveram comportamagtessivo, enquanto os do
grupo T ndo apresentaram tal comportamento.

O peso e a area dos duodenos nao apresentaraendgifesignificante entre os grupos
estudados. (Tabela 2)

Nos trés grupos foram evidenciados ganglios dropiaioentérico, constituidos por
numerosos corpos de neurdnios densamente agrupadosa marcacao neuronal, com a
imunohistoquimica para HUBuD (10 a 93 neurbnios por campo) e com a histoigaima
NADHd (5 a 74 neurdnios por campo). (Figuras 1 e 2)

Nos preparados de membrana submetidos a imunghisiwa para nNOS foram
marcados corpos celulares e processos neuronasmFencontrados neurdnios isolados e
ganglios com poucos neurdnios, esparsamente distob (2 a 32 neurdnios por campo).
(Figura 3)

A andlise quantitativa dos neurbnios marcados antécnica do HuC/HuD
demonstrou uma reduc¢do significante no nimero debnass dos animais dos grupos D e T.
Com a técnica imunohistoquimica da nNOS néo fooetrada diferenca significante no

namero de neurdnios marcados, nos trés grupos.stdduimica da NADHd evidenciou



densidade de neurbnios significantemente maior amais dos grupos D e T, quando

comparados ao Grupo C. (Tabela 3)

Discussao

A injecdo de estreptozootocina leva rapidamenteaparecimento de sintomas
caracteristicos do diabetes. Em poucas horas s@®walolas elevacdo da glicemia e reducédo
no contetido sérico e pancredtico da inséfinseste estudo, no dia seguinte & injecdo de
estreptozootocina verificamos, nos grupos D e Ta gnande alteracdo no volume de agua
ingerida e no volume de urina eliminado, seguinel@ssso perda de peso e hiperglicemia.
Esses sintomas resultam das alterac6es metabgtmascadas pela auséncia/insuficiéncia de
insulina e das mudancas no funcionamento celutaidd a hiperglicemfd?*

Acreditamos que a discreta perda de peso evidenaias animais do grupo C se deva
ao estresse provocado pela manipulacdo dos andueaste o periodo de experimentacao.
Por outro lado, a perda mais intensa de peso no&endos grupos D e T estaria relacionada
as alteracdes fisiopatoldgicas do diabetes. Emh&@oaexistam diferencas significantes entre
as médias de perda de peso entre os grupos D ab€, destacar que entre 0s animais
diabéticos todos apresentaram perda de peso supeariédia do grupo C, enquanto, entre 0s
animais do grupo T, trés apresentaram valoresdsituao intervalo de confianca da média
dos animais do grupo C, o que revela que a resposteatamento com insulina, nessa fase
aguda, é heterogénea, e que a média do grupo r@essa as respostas de todos o0s
individuos.

A proporcdo de gordura retroperitoneal e epididipal 100g de peso corporal
apresentou-se significantemente maior nos ratogrgioo T, o que, somado ao fato de trés
ratos do grupo T apresentarem pequena perda degseselhante a média do grupo C, leva-

nos a especular que o diabetes néo controlado pFofi@acado em todos os animais do grupo



D mobilizacdo de massa corporal, para que substeatergéticos fossem supridos a células
carentes de glicose e as vias neoglicogéfiicaem contudo levar ao esgotamento das
reservas lipidicas. Por outro lado, a maior pra@mrge gordura encontrada nos animais do
grupo T possivelmente se relaciona ao fato de @im@sser um hormoénio essencialmente
anabolico e poupador de reservas energéti¢asEssa idéia é reforcada quando analisamos
cada animal individualmente, uma vez guanimal do grupo diabético que mais perdeu peso
(20,76%) possuia 1,89 dessa gordura para cada dé@gso corporal, enquanto o animal
diabético tratado com insulina que mais perdeu [2589%) possuia 2,83 g por 100 gramas
de peso corporal.

Os ratos do grupo D, sem tratamento, apresentagaagi®ssivos, enquanto 0s ratos
do grupo D tratado com insulina, apesar de serempmados todos os dias e de receberem
injecdes de insulina, ndo exibiram tal comportameRadrao de comportamento semelhante
foi observado por outros autotés

O diabetes agudo nédo levou a alteracdes no pesoé&ea do duodeno, enquanto
outros autores verificaram, no diabetes cronidajatdo do estbmago, do intestino delgado e
do intestino grossb*”.

Para avaliar as repercussodes do diabetes agudddnchor estreptozootocina sobre a
populacéo total de neurbnios empregamos a téamigadhistoquimica anti-HuC/HuD, uma
vez que as proteinas HuC/HuD sdo encontradas @&wmtusnte em neur6nit's®?! e
também porque a avaliacdo dessa técnica em pregadadmembrana demonstrou-se eficaz
para a estimativa do nimero total de neurénios@mpmnioentérict’.

Uma vez estabelecida a densidade de neurbnios HNWDCAdI possivel avaliar a
representatividade das sub-popula¢gdes de neurBidibdid+ e de neurdnios nitrérgicos. Os

neurdnios que sintetizam o6xido nitrico compdem unagdo significativa da populacdo



neuronal mioentérica nos diferentes segmentos lo digestivo, e podem ser visualizados
pelo emprego da histoquimica da NADPH-#e pela imunohistoquimica nN3%*2

Os animais dos grupos D e T possuiam densidadewé&nios HuC/HuD 18,60% e
19,77% menor que os do grupo C, demonstrando gligbetes agudo provocou uma perda
significativa de neurbnios mioentéricos e que t¢airento com insulina ndo foi capaz de
prevenir tal perda. Reducdo na densidade totakdednios do plexo mioentérico do colo de
ratos com diabetes agudo foi também verificada metacacdo neuronal, pela técnica
histoquimica de Giensa

Nos animais do grupo C a densidade de neurdniosrgitos (NNOS) positivos
representou 30,88% da densidade de neurdnios HIBC tugrupo D representou 34,67%; e
no grupo T, 35,68%, enquanto em estudo realizadidenade ratos os neurdnios nitrérgicos
representaram 20,31% da populacéo total, marcadadécnica de Gien<a

A densidade de neurénios nNOS dos grupos D e Tsapi@u-se 8,62% e 7,30%
menor que a densidade do grupo C. Essa diferemctemésignificancia estatistica. Por outro
lado, a densidade de neurdnios HUC/HuD dos doigograliabéticos foi quase 20% menor
gue a do grupo controle, o que evidencia que odni&s nitrégicos sS40 menos sensiveis ao
diabetes agudo que outras sub-populacdes neuroNais. foram também encontradas
alteracBes significantes na expresséo da nNOS odedo de ratos com diabetes crofiico
Os resultados de varias investigacdes tém demdostjge os neurdnios nitrérgicos séo
resistentes a agressfes ambientais, tais comootexiiidade, hipoxia, doenca de
Hungtington e envelhecimentb

Outros estudos, porém, demonstram reducdo do nideereurdnios nitrérgicos no
intestino delgado e grosso de ratos com diabetescat’ e na atividade motora dependente

de NO, em estdmago de roedores com diabetes ctbriic



A marcacao neuronal pela histoquimica da NADHd é@lamente empregada em
estudos de neurdnios entéricdd** Evidencia os neurdnios devido & formacao de dpanu
de formazana a partir da atuacdo de um aceptdiciaftide elétrons, o Nitro Blue
Tetrazolium, o que nos permite avaliar a atividegisgpiratdria dos neurdnios, por fornecer
indicios de sua atividade metabotfta®*°

Ao calcularmos os percentuais de neurénios NADHditpos em relacdo aos
neurénios HUC/HuD, temos uma idéia de qual € agugdm de neurénios NADHd positivos
em relacdo a populacao total de neurénios mioengdo duodence também se essa sub-
populacao foi afetada da mesma maneira que a mduutatal ou de neurénios NnNOS. As
propor¢cdes encontradas foram as seguintes: Grupk2,89%; grupo D, 68,40%; grupo T,
83,57%. No ileo de ratos, os neurbnios NADHd pasiti representavam 69,18% da
populacdo total, evidenciada com a técnica de GmEm estudos realizados no colo
proximal de ratos constatou-se 58,13% de neurdmi@entéricos NADHd positivos nos
animais normoglicémicos, e 66,56% nos animais c@ietes agudo, enquanto a populagéo
total de neurénios dos animais diabéticos sofrea educao de 10,30%

Uma possivel explicacdo para o aumento na densklade propor¢do de neurdnios
NADHd positivos verificada nos grupos D e T é of&ta por autores que atribuem o
aumento na relacdo NADH/NAD+ aos elevados nivéisgiicos”* e suas conseqiiéncias
vasculare§ e metabdlicas, o que influencia a atividade dazineas que usam esses
cofatored’. Dessa forma, o diabetes agudo, a0 mesmo temptegae perda de parte da
populacdo total de neurdnios (neurbnios HuC/HuDpv@caria uma intensificacdo na
atividade da cadeia respiratéria e de suas enzom@se explicaria uma maior disponibilidade
de elétrongpara serem captados pelo nitroblue tetrazoliumual qrigina os granulos de

formazana a partir de sua atuagdo como aceptbciattide elétrons.



Em sintese, todos os animais do grupo D apresemsgaagressivos e tiveram perda
de peso corporal superior a média de perda do dtumtre os 10 animais do grupo T, trés
sofreram pequena perda de peso corporal, asserdelsama perda sofrida pelo grupo C. A
proporcdo de gordura retroperitoneal e epididimar d00g de peso corporal foi
significantemente maior nos animais do grupo T de go grupo D demonstrando que a
insulina, devido a sua acédo anabdlica e poupad®r@ndrgia, levou a manutencdo de uma
maior proporcao de gordura nos animais do grupwmétizo tratado com insulina.

Os animais dos grupos D e T, sofreram reducaofgignie na densidade de neurdnios
HuC/HuD e ndo apresentaram alteracao significamtdemsidade de neurénios nNOS, o que
evidencia que o tratamento com insulina ndo preaiperda precoce de neurénios HUC/HuD
no plexo mioentérico do duodeno de ratos diabétiéosnaior densidade de neurbnios
NADHd positivos nos animais dos grupos D e T iatiaque na fase aguda o diabetes leva a
um aumento na atividade de enzimas da cadeia a&sar destes neurdnios intensificando a
sua evidenciacdo. Por outro lado o niumero de n@ag®NOS positivos ndo sofre alteracdes
significante no diabetes agudo com ou sem trataom@nh insulina demonstrando sua maior

resisténcia a esta condicdo em relacdo a outragggdies neuronais.
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Tabela 1.Anticorpos primarios e secundarios utilizados inasnoreacdes para HUC/HuD e

NNOS

Primario Hospedeiro Dose Empresa Secundario Dose Hmesa

HuC/HuD Camundongo 1:500 Molecular  Alexia Fldor 1:500 Molecular

Probes, 488 Probes,
Invitrogen anticamundon Invitrogen
go
nNOS Coelho 1:500 Santa Crudexia Flaor 1:500 Molecular
Biotechnology, 488 Probes,
Califérnia, Anticoelho Invitrogen

EUA




Tabela 2 - Parametros encontrados em ratos Wistar maclus, 210 dias de idade,
pertencentes ao grupo controle (C) e aos grupos diabetes agudo sem tratamento (D),

tratados com insulina NPH subcutanea (T). (n = dt@sr por grupo). Os resultados sao

expressos como média + desvio padréo.

Parametros/grupos Grupo C Grupo D Grupo T
Peso inicial (g) 430,0£15,38 450,0+£29,10 451,04@5,1
Peso final (g) 410,4+13,92 391,35+39,28 384,80+30,4
Perda de peso corporal (%) 4,50+0,93 13,0644,38 14,57+8,55
Area do duodeno (fresco) 11.37+0.48 12.36+0.87 540 69
Area do duodeno (fixado) 12.97+2.21 13.10+1.80 182303
Gordura visceral por 100g de  2,89+0,45 2,69+0,45 3,58+0,64
peso corporal

Consumo de alimento por 7,30+£1,31 6,98+1,13 6,16+1,40
100g de peso corporal

Consumo de &gua por 100g 10,91+2,01 21,32+4,81  19,57+5,28

de peso corporal

Volume urindrio por 100g de 1,83+0,80 11,07+3,42 9,14+4,P
peso corporal

Glicemia (mg.dt) 135,4+33,90 315,2+69,60 355,9+70,88

Ap<0.01 em relac&o ao grupo C
Bp<0.01 em relacdo ao grupo T
©p<0.05 em relacdo ao grupo C
Pp<0.001 em relagéio ao grupo C



Tabela 3 — Densidade (neurbnios/11,07@mde neurbnios reativos as técnicas
imunohistoquimica HUC/HuD, nNOS e histoquimica NADHIo plexo mioentérico do
duodeno de ratos adultos submetidos ao diabetedo agxperimental. Os resultados séo

expressos como média + desvio padréo.

Técnica Grupos Densidade
Controle (n=5) 1472,80+£179,14
HU Diabético (n=5) 1198,80+237,24
Tratado (n=5) 1181,60+179,53
Controle (n=5) 631,80+5,18
NADH Diabético (n=4) 820,0+8,13
Tratado (n=4) 987,5+19,69
Controle (n=5) 454,801£59,41
NOS Diabético (n=5) 415,60+109,30
Tratado (n=5) 421,60+48,22

~p<0,001 em relacéo ao grupo C

Bp<0,001 em relacdo ao grupo D



Neurénios imunoreativos a técnica HUC/HuD (20X)

Neurénios imunoreativos a técnica NADH-d (20X)

Neurénios imunoreativos a técnica nNOS (20X)
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ABSTRACT
We carried out this investigation with the purpadererifying if insulin treatment prevents
changes in the density of myoenteric neurons of doedenum of Wistar rats with
streptozotocin short-term diabetes. The animals filwe diabetic group (D) lost weight more
than the controls (group C), while insulin treatméroup T) prevented the weight loss in
three animals and increased visceral fat in allahienals of this group. Insulin treatment did
not prevent the early loss of HUC/HuUD myoenteriarnas. The density of nNOS-positive
neurons did not change significantly in groups @ dh The density of NADHd-positive
neurons in these groups was greater than in grqumdicating that short term diabetes

increases the activity of respiratory chain enzymes

KEY WORDS: myoenteric neurons, acute diabetes, duodenum, nNABHd



Introduction

The word diabetes describes several metabolic eymels connected to the relative or
absolute reduction in insulin secretion and charaztd by hyperglycemia and varied degrees
of peripheral resistance to insulin acfion

The ENS has a unique capacity of controlling mdghe intestinal functions, such as
regulation of absorption/secretion and control leé totility and vascular tonus; it is not
surprising that injuries to it result in digestidisorders and disturbanéés

The combination of intracellular signaling disosferwith quantitative and
neurochemical changes of the ENS neurons can atedeto the neuronal loss and relevant
clinical problems of the neurological manifestatiaf diabetes mellitus, such as dilatation of
the stomach, small and large intestines, constipathd diabetic diarrh&&”.

Histochemical and electrophysiological featureswsttbat the 80-100 millions of
enteric neurons can be classified into distinctpsylollations of primary afferent neurons,
interneurons, motor neurons, secretomotor neundsasomotor Neurons

The neuronal subpopulations are affected diffeyebif diabetes according to the
intestinal segmefit®, as well as the distinct ways of diabetes treatnaewl duratioh®
Previous studies have shown reduction in the numbenteric neurort§™

Based on the total population and on neuronal guidptons with their different
functions on the ENS, we carried out this work witie purpose of investigating, on the
duodenum of rats, the effects of acute experimatitdietes and of insulin treatment on the
following parameters: 1) total density of myoenteneurons — HUC/HuD; 2) density of the
subpopulation of nitrergic neurons — nNOS; 3) dgnsif the subpopulation of NADH

diaphorase-positive neurons.



Materials and methods

Study groups

All experimental procedures described in this pager in agreement with ethical
principles stated by the Brazilian Academy of AnirBaperimentation (COBEA) and were
previously submitted to analysis by the Committédihics in Animal Experimentation of
the State University of Maringa (UEM) (Protocol 006/2005).

It was used 30 male Wistar rats aging seven mostigplied by the Central Animal
House of UEM; these were divided in three groumsitol (C), diabetic (D), and insulin-
treated diabetic (T). The animals were placed wividual metabolic cages and kept at
constant temperature and 12/12 hr photoperioddwers days with free access to water and
NUVILAB rodent chow.

On the first experimental day, after overnight fake rats from groups D and T
received an i.v. injection of streptozotocin (Signtt. Louis, MO, USA) for diabetes
induction (35 mg/kg body weight), dissolved in af&g buffer pH 4.5 (10mM). The controls
received and equal volume of the buffer. After ictton, the plasma glucose level of the
animals was determined by the method of glucoselasé’ in order to confirm the
establishment of the experimental model. All ansnall groups D and T presented glucose
levels higher than 22ihg/dL.

During the next five days, group T received evegrmng a subcutaneous injection of
NPH insulin (Novoliff N. Novo Nordisk A/S. Denmark) dissolved in salif®e9%) at the
dose of 10U/kg body weight. Body weight, food anatev ingestion and urine volume were
recorded daily.

On the sixth day, insulin injection in group T waterrupted and all the animalgre
fasted overnight. Next morning the animals werkedikfter being weighted and anesthetized

with a 40mg/kg body weight i.p. dose of thioperftsbbott Labs., Chicago, IL, USA).



Through cardiac puncture, blood was collected fetednination of fasting plasma
glucose level and then laparotomy was carried @utdllection of the duodenum and of both
periepididymal and retroperitoneal fat pads. Thes#s were weighted and corrected for 100g
body weight. The duodenum was removed with therpgl@and the duodenojejunal flexure

being taken as its limits. The duodenal lengthaitidh were then measured.

Duodenal preparation and neuronal staining

The duodena were prepared for the histochemicéinigae of NADH-diaphorase,
immunohistochemistry anti-HuC/HuD — which labelsistural proteins present in all neurons
— and immunohistochemistry anti-neuronal nitric dexisynthase (nNOS). The samples
subjected to immunohistochemical techniques wehe@ in PBS pH 7.4 (0.1M), filled with
Zamboni fixativé* and maintained for 18 hours in the same solutioteu refrigeration. At
the end of this period, the segments were cut atbeagnesenteric border and successively
washed in alcohol 80% until the visible removaliué fixative. Then, they were dehydrated
in alcohol (95% and 100%), clarified in xylol, hyded again in decreasing series of alcohol
(100%, 90%, 80%, 50%) and, finally, put in PBS 0.1Mter, the segments were dissected to
obtain the whole-mount muscular layer preparatemt immunostained as follows:

- HUC/HUD?: The whole mounts were washed twice (10 min eactiasPBS 0.1M
added with Triton X-100 0.5% (Sigma, St, Louis, M@ZBA). Then, they were incubated in
BSA (1% PBS 0.1M) and remained in this solutiondoe hour at room temperature.

The whole mounts were incubated in anti-HUC/HuDmany antibody (Table 1)
diluted in solution containing BSA 1%, Triton X-1@5% and PBS 0.1M for 48 hours at
room temperature. They were washed three time®8 &d incubated with the secondary

antibody (Table 1) for 2 hours at room temperatiiteen, they were washed three successive



times in PBS, mounted in slide with buffered glyte(9:1) and stored at the refrigerator.
Negative control was performed with the omissiothef primary antibody.

- nNOS® The preparations were initially washed three tiineRBBS solution of Triton
X-100 0.5%. Soon afterwards, they were incubateBS# (1% in PBS) for one hour. Once
blocked, the tissues were incubated for 48 hoursoain temperature in NnNOS-specific
primary antibody (Table 1). The tissues were wagheeke times in PBS and incubated with
the secondary antibody (Table 1) for two hoursoatr temperature. After, they were washed
three successive times in PBS. Negative control pexformed with the omission of the
primary antibody.

For NADH diaphorase histochemistry, the duodenaewlegated at one end and
injected with Krebs solution, immersed for 5 minflinton X-100 0.3% solution, next washed
twice in Krebs solution. Then, they were immersedalution containin@-NADH (Sigma,
St, Louis, MO, USA) and Nitro Blue Tetrazolium (8ig, St. Louis, MO, USA) for 45
minutes. The reaction was interrupted with buffefedmol. The duodenal rings were
dissected to whole mounts under stereomicroscopey Wwere dehydrated, cleared and
mounted between slide and coverslip. The reactrodyrt of the NADHd appears as varied

shades of blue/purple.

Quantitative analysis of the HUC/HuD, nNOS-immunotiee and NADHd-positive
myoenteric neurons.

The counts of the HUC/HuD, nNOS-immunoreactive BADHd-positive myoenteric
neurons were carried out through images obtaineshlpling. The images were captured by
a high-resolution AxioCam camera (Zeiss, Jena, @eyncoupled to an Axioskop Plus light
microscope (Zeiss), transferred to a computer tiindbe AxioVision 4 program, version 4.1,

and recorded in CD. The software of image analyseage-Pro Plus, version 4.5.0.29 (Media



Cybernetics, Silver Spring, MD, EUA), was used twrmt the neurons of the CD-recorded
images.

For each animal, all the neurons present in 30 @magaptured under 20X objective,
were counted. The area of each image measured Imiige-Pro Plus was 0.369 fm

yielding 11.07 mrh

Statistical analysis.

The results were subjected to statistical analyisesigh the programs Statistica and
GraphPad Prism, being expressed as mean + stagelaation. Quantitative data were set in
delineation blocks followed by Tukey’s test. Foe tither results, one-way ANOVA was used,

followed by Tukey’s test. Significance level was ae5%.

Results

On the day after streptozotocin injection, wategeistion and urine volume per 100g
body weight in the animals of group D were 17.11 amd 6.17 mL, while in group T they
were 15.84 mL and 7.89 mL, respectively. Theseesmluere markedly higher than those of
group C — 10.46 mL of water and 1.39 mL of urinandicating the presence of diabetes in
groups D and T.

During the experiment, polydipsia and polyuria @vadded to the significant weight
loss in groups D and T, at the end of the perioghelhglycemia confirmed the diabetic
condition.

The mean food consumption of group C was slighigjhér than that of groups D and
T, yet not significantly different. On the otherngia the amount of retroperitoneal and
periepididymal fat was higher in group T (Table Zhe duodenal area did not show

significant difference among the groups (Table 2).



The animals from group D displayed an aggresseleabior, while those of group T
did not exhibit such feature.

In the three groups the ganglia of the myoenteiexus, made up of several densely
packed neuronal cell bodies, were seen both wehHIhC/HuD immunohistochemistry (10 to
93 neurons per field) and the NADHd histochemi¢fyo 74 neurons per field) (Figs 1 and
2).

In the whole mounts stained with nNOS immunohisémuistry, both cell bodies and
neuronal processes were stained. Isolated neurmhganglia with few scattered neurons (2
to 32 neurons per field) were found (Fig. 3).

The quantitative analysis of the neurons staineth WiuC/HUD demonstrated a
significant reduction in the number of neuronshia &nimals of groups D and T. With nNOS,
there was no significant difference in the numbemneurons stained in the three groups.
NADHd histochemistry evidenced a neuronal dendsigyificantly higher in the animals of

groups D and T when compared to group C (Table 3).

Discussion

Streptozotocin injection quickly leads to the agma@ce of symptoms characteristic of
diabetes. In a few hours, increased glycemia armledsed serum and pancreatic insulin
content are observ&d In this study, one day after streptozotocin iti@t large changes in
the volume of both ingested water and excretedeuvwere observed in groups D and T,
followed by weight loss and hyperglycemia. Thesenstpms result from the metabolic
alterations caused by the absence/insufficiencyinstilin and the changes in cellular
functioning due to hyperglycenti&

We believe that the slight body weight loss seetihé animals of group C is due to the

stress caused by their handling during the expetiahgoeriod. On the other hand, the more



intense weight loss of the animals of groups D anhdwould be related to the
pathophysiological changes of diabetes. Althougbrehwere not significant differences
between the average weight losses of groups D andshould be pointed out that all the
diabetic animals had weight losses higher tharmiban of group C, while three animals of
group T had values within the confidence internviagjimup C. This reveals that the response
to insulin treatment, at this acute phase, is bgereous, and that the mean of the group does
not express the responses of all the individuals.

The proportion of retroperitoneal and periepididyrfat per 100g body weight was
significantly higher in the rats of group T. This,addition to the fact that three rats of group
T had a smaller weight loss, similar to the meamgrolup C, prompted us to speculate that
uncontrolled diabetes (group D) caused body massilization so that energy substrates
were supplied to the glucose-deprived cells anthé gluconeogenic pathways without
however exhausting lipid stores. On the other h#melgreater proportion of fat found in the
animals of group T is possibly related to the thett insulin is an essentially anabolic, energy
store-sparing hormof&™ This idea in reinforced when we analyze each ahindividually,
once the animal from group D that lost more we(@ot76%) had 1.8g of this fat per 100g of
body weight, while the diabetic animal treated witBulin that lost more weight (25.99%)
had 2.83g of fat/100g body weight.

The untreated diabetic rats were aggressive, whdse treated with insulin, despite
being handled and receiving insulin injections gweay, did not show such a behavior. A
similar behavioral pattern was observed in a previgork®.

Acute diabetes did not cause changes of duodeea) atile other authors observed,
in chronic diabetes, dilatation of the stomach, lsarad large intestines*”.

To assess the outcomes of acute streptozotocucéud diabetes on the total

population of enteric neurons, it was employed améi-HuC/HuD immunohistochemical



technique, once the HUC/HuD proteins are found usketly in neuron€?°?’ and also
because it was demonstrated that the employmerhisftechnique in whole mounts is
effective in the estimation of the total numbenefirons of the myoenteric plextis

Once the HUC/HuUD neuronal density was establisitedlas possible to evaluate the
representativeness of the NADHd+ and nitrergic oealr subpopulations. The nitric oxide-
synthesizing neurons make up a significant fractbthe myoenteric neuronal population in
the different segments of the digestive tract aan loe visualized by the use of NADPHd
histochemistr§?*?and nNOS immunohistochemistfy*

The animals of groups D and T had a density of MwD-neurons 18.60% and
19.77% lower, respectively, than those of groupl@nonstrating that acute diabetes caused a
significant decrease of myoenteric neurons and itnailin treatment was not capable of
preventing this loss from taking place. A decrease¢he total density of neurons of the
myoenteric plexus of the colon of rats with acuetbdtes was also verified through neuronal
staining with Giemsa histochemist?y

In the animals of group C, the density of nitrergnNOS) positive neurons
represented 30.88% of the density of HUC/HuD nesjram group D it represented 34.67%
and in group T 35.68%, while in a study of the mfeaf rats the nitrergic neurons represented
20.31% of the total population, stained with Gieffisa

The density of nNOS neurons of groups D and T &82% and 7.30% lower than
that of group C, a difference that did not attaatistical significance. On the other hand, the
density of HUC/HuD neurons of both diabetic grouwas almost 20% lower than the control
group, evidencing that the nitrergic neurons ass Igensitive to acute diabetes than other
neuronal subpopulations. Significant changes were found either in the expression of

nNOS in the duodenum of rats with chronic diab@teEhe results of several investigations



have demonstrated that the nitrergic neurons aistaat to environmental aggressions such
as excitotoxicity, hypoxia, Huntington’s disease aging®=>

Other studies, however, demonstrate reductiomeénniumber of nitrergic neurons in
the small and large intestines of rats with chrafiabete$’ and in the NO-dependent motor
activity in the stomach of rodents having chrorimbete$’ 333

The neuronal staining by NADHd histochemistry iglely employed in studies of
enteric neuror§?3* It stains neurons due to the formation of fornmagsanules from an
artificial electron acceptor, nitro blue tetrazoliuTherefore, it allows the assessment of the
respiratory activity of the neurons, providing due their metabolic activit§?83>-%

When approaching the NADHd-positive neurons asgreages of HuC/HuD neurons,
we get a glimpse of the proportion of NADHd-posgtiweurons relative to the total population
of duodenal myoenteric neurons, and also whether dhbpopulation was affected in the
same way as the total population or as that of nN@8ons. The percentages found were the
following: group C 42.89%; group D 68.40%; group838.57%. In the ileum of rats, the
NADHd-positive neurons represented 69.18% of thel t@iemsa-stained, populatitnin
studies carried out in the proximal colon of ratsyas recorded 58.13% of NADHd-positive
myoenteric neurons in normoglycemic animals and®%. in animals with acute diabetes,
while the total population of neurons of the diabenimals had a reduction of 10.38%

A possible explanation for the increase in bothdensity and proportion of NADHd-
positive neurons observed in groups D and T isreffdy authors who attribute the increase
in the NADH/NAD+ ratio to the high plasma glucosevéls”* and its vasculaf and
metabolic consequences, which influence the agtivitenzymes using those cofactSrdn
this way, acute diabetes, at the same time thds lealoss of a fraction of the total population

of neurons (HUC/HuD neurons) would heighten theviigtof the respiratory chain and its



enzymes, resulting in a greater availability ofcélens to be transferred to nitro blue
tetrazolium, which turns into formazan granules wheting as an artificial electron acceptor.

In summary, all the animals from group D were aggiree and had body weight loss
greater than the mean loss of group C. Among thari®als of group T, three had a small
reduction of body weight, similar to that of gro@p The proportion of retroperitoneal and
epididymal fat per 100 g body weight was signifittaimigher in the animals of group T than
in group D, demonstrating that insulin, due toaitgbolic and energy-saving actions, led to a
maintenance of the fat in the animals of the imstrieated diabetic group

The animals of groups D and T had a marked reducdtiahe density of HuC/HuD
neurons and did not show a significant change éendénsity of nNOS neurons, evidencing
that insulin treatment does not prevent the eaolys|of HuC/HuD neurons from the
myoenteric plexus of the duodenum of diabetic rake greater density of NADHd-positive
neurons in the animals from groups D and T inditiaé acute diabetes increases the activity
of respiratory chain enzymes on these neuronshtexigng their staining. On the other hand,
the number of nNOS-positive neurons does not charggeficantly in acute diabetes, either
with or without insulin treatment, demonstrating@ithgreater resistance to this condition as

compared to other neuronal populations.
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Table 1.Primary and secondary antibodies used in the inomaactions for HUC/HuD and

nNOS.

Primary  Host Dose Company Seconday Dose Company

HuC/HuD Mouse 1:500 Molecular Alexia Fluor 1:500 Molecular
Probes, 488 antimouse Probes,
Invitrogen Invitrogen

nNOS Rabbit 1:500 Santa Cruklexia Fluor 1:500 Molecular
Biotechnology, 488 antirabbit Probes,
California, Invitrogen

EUA




Table 2.Parameters recorded in male Wistar rats agingd2d@, belonging to the control
group (C), and to the groups with acute diabetethowi treatment (D) or treated with

subcutaneous NPH insulin (T). (n = 10 rats per gyolihe results are expressed as mean +

standard deviation.

Parameters/group Group C Group D Group T
Initial weight (g) 430.0+15.38 450.0£29.10 451.04%6
Final weight (g) 410.4+13.92 391.35+39.28  384.80480
Body weight loss (%) 4.50+0.93 13.06+4°38  14.57+8.55
Duodenal area (fresh) 11.37+0.48 12.36+0.87 12. 1880
Duodenal area (fixed) 12.97+2.21 13.10+1.80 13.3032
Visceral fat (g/100g body 2.89+0.45 2.69+0.45 3.58+0.64
weight)

Food ingestion (g/100 g body 7.30£1.31 6.98+£1.13 6.16+£1.40
weight)

Water ingestion (g/100 g  10.91+2.01 21.32+4.81  19.57+5.28
body weight)

Urine volume (g/100 g body 1.83+0.80 11.07+3.42 9.14+4.P
weight)

Plasma glucose (mg:dl 135.4+33.90 315.2+69.60 355.9+70.88

Ap<0.01 relative to group C
Bp<0.01 relative to group T
©p<0.05 relative to group C

Pp<0.001 relative to group C



Table 3. Density of neurons (neurons/11.07fnmeactive to the HuC/HuD and nNOS
immunohistochemical techniqgues and NADHd histoclsényiof the myoenteric plexus of the
duodenum of adult rats subjected to experimenisleadiabetes. The results are expressed as

mean * standard deviation.

Technique Group Density

Control (n=5) 1472.80+£179.14

HU Diabetic (n=5) 1198.80+237.24

Treated (n=5) 1181.60+179%53

NADH

Control (n=5)
Diabetic (n=4)

Treated (n=4)

631.80+5.18
820.0+8.13

987.5+19.69

NOS

Control (n=5)
Diabetic (n=5)

Treated (n=5)

454.80+£59.41

415.60+109.30

421.60+48.22

Ap<0.001 relative to group C

Bp<0.001 relative to group D
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RESUMO
O presente trabalho teve como objetivo mensuramgparar as areas dos perfis celulares e
nucleares dos neurdnios do plexo mioentérico aes rdrmoglicémicos (C), diabéticos (D) e
diabéticos tratados com insulina (T). Os neurbrimam evidenciados pelas técnicas
imunohistoquimica da nNOS e HuC/HuD. As areas dedispcelulares dos neurbnios
HuC/HuD do plexo mioentérico dos animais do grup(283,69+18,91 uf) apresentaram-
se significativamente menores do que as dos giQ[@88,18+17,81 ufie T (284,11+30,64
unt). Os perfis dos nicleos dos neurdnios NNOS desaisido grupo D (152,36+3,52 dm
eram significantemente menores que o verificado grpos C (178,29+9,0 (Ane T
(163,47+5,50 pr). Nota-se também que a relacdo nicleo/citoplasinadntida, ou seja, as
areas dos perfis dos nudcleos, quando comparadas asorareas dos perfis celulares,
representavam: no grupo C, 53,74%; no grupo D,434,8 no grupo T, 54,12%. Discute-se
que a sintese de proteinas é um processo que ameaneira integrada entre nucleo e
citoplasma, e que a falta aguda de insulina afetalneamente esses dois compartimentos

celulares dos neurdnios nNOS.

PALAVRAS-CHAVE : perfil celular; relacdo nudcleo/citoplasma; diasetgudo; insulina;

neurdnios mioentéricos



Introducéo

O Sistema Nervoso Entérico (SNE) localiza-se a@dodo trato gastrintestinal,
controlando e coordenando motilidade, fluxo sangiilocal e secrecdes. Constituido por,
aproximadamente, ftheurdnios sensitivos, motores e interneurdniostyidili-se em dois
grandes plexos — plexo mioentérico e plexo subnuicos

Pesquisas sobre as alteracdes induzidas peloteBaleeperimental no SNE séo
bastante amplas. Foi descrito, por exemplo, que dé8pacientes com diabetes apresentam
sintomas gastrintestinais como nausea, dor abdgndiizaréia, constipacdo e esvaziamento
gastrico lentd

Outros estudos acrescentam que grupos neuroquin@spsecificos apresentam
padrbes de resposta ao diabetes que dependemmdergegntestinal e da duracdo do quadro
diabéticd™.

O uso da estreptozootocina tem revelado que algwersos sofrem processo
degenerativo, alguns tém seu conteddo de neurotissres alterado mas sem evidéncias de
degeneracdo, e outros ndo sdo afetados pela comtiidzética

Tendo como base a populagéo total e as sub-pogslagiironais com suas diferentes
funcdes no SNE, realizamos este trabalho com diwbjde investigar, no duodeno de ratos,
os efeitos do diabetes agudo experimental e danteito com insulina, sob 0s seguintes
parametros: 1) morfometria dos neurénios do pleiaentérico — HuUC/HuD e 2) morfometria

da sub-populacdo de neurénios nitrérgicos do pheentérico — nNOS.

Material e métodos

Grupos de estudo



Todos os experimentos descritos neste artigo elst@&eordo com 0s principios éticos
do Colégio Brasileiro de Experimentacdo Animal (28 e foram previamente submetidos
a andlise do Comité de Etica em Experimentacéo Anilm Universidade Estadual e Maringa
— UEM (Protocolo N. 006/2005).

Foram utilizados 30 ratos Wistar machos, com 7esiele idade, obtidos no Biotério
Central da Universidade Estadual de Maringa, dimgiem 3 grupos: grupo controle (C),
diabético (D) e diabético tratado com insulina (O animais foram alojados em gaiolas
metabolicas individuais e mantidos em temperatarestante com foto-periodo de 12 horas.
Ai permaneceram por 7 dias, recebendo agua e Rig&tLAB ad libitum

No primeiro dia do experimento, apds jejum nabyras ratos dos grupos D e T
receberam injecéo i.v. de estreptozootocina pahacéo do diabetes (35mg/kg peso corporal,
Sigma, St. Louis, MO, USA), dissolvida em tampéaoeatd, pH 4.5 (10mM). Apds a inducéao,
a glicemia dos animais foi determinada pelo métatip glucose oxidase para o
estabelecimento do modelo experimental. Todos oeaés dos grupos D e T apresentaram
glicemia superior a 21 g/dl. O grupo C recebeu volume equivalente deweic

Nos cinco dias subsequentes, o grupo T recebeurtmhha injecdo subcutanea de
insulina NPH dissolvida em solucdo salina (0,9%)dose de 10U/Kg (NovofthN. Novo
Nordisk A/S. Dinamarca). Foram mensurados diaridenenpeso corporal, o consumo de
alimento, de agua, e o volume urinario eliminado.

No sexto dia suspendeu-se a injecédo de insulirgruqm T e todos os animais foram
colocados em jejum noturno; no sétimo dia do peregerimental os animais foram mortos,
previamente anestesiados com 40mg/kg de tioperttaberitoneal (Abbott Labs., Chicago,
IL, USA).

Por puncdo cardiaca, coletou-se sangue para &@a@lidg glicemia de jejum, e

posteriormente realizou-se uma laparotomia par@ta@otos duodenos e das gorduras



periepididimal e retroperitoneal. As gorduras forpesadas e calculadaspeopor¢cdo para
cada 100 gramas de peso corporal. Os duodenos fetaados, tomando-se como limites o
piloro e a flexura duodenojejunal. Foram pesad@sseguir mensurados seu comprimento e
sua largura.

As amostras de duodenos submetidas as técnicashistoguimica foram lavadas em
PBS pH 7.4 (0.1M) e infladas com solucéo fixadazazdmborfl. Logo depois, os duodenos
foram mantidos por 18 horas sob refrigeracéo, nemmaesolucdo. Ao final desse periodo os
segmentos foram abertos ao longo da borda mesen&lavados sucessivamente com alcool
80% até a completa remocéo do fixador. Na sequém@en desidratados em série de alcoois
(100%, 90%, 80%, 50%) e colocados em PBS 0.1M. Apssegmentos foram dissecados
para obtencéo dos preparados de membrana.

Os duodenos foram preparados para a técnica imstoghimica anti HuC/HuD, que
marca proteinas estruturais presentes em todosusémos, e imunohistoquimica anti-0xido
nitrico sintase neuronal (nNQS)

- HUC/HuUD: Os preparados totais foram lavados duas vezes (hQtom cada
lavagem) em solucédo de PBS 0.1M acrescida de TXitd@0 (0.5%). Apds, foram incubados
em BSA (1% PBS 0.1M), permanecendo nessa solugéb lpara, em temperatura ambiente.

Foram incubados em anticorpo primario anti-HuC/HuiBbela 1) diluido em solugéo
contendo BSA 1%, Triton X-100 (0.5%) e PBS 0,1M; #8 horas, em temperatura ambiente.
Os tecidos foram lavados por trés vezes em PBSubatos com anticorpo secundério
(Tabela 1) por 2 horas. Apés foram lavados tréevezicessivamente em PBS e montados
em lamina com glicerol tamponado (9:1) e armazena&uo geladeira. Controle negativo foi
realizado com a omissdo do anticorpo primario.

- nNOS® Os preparados foram lavados inicialmente tréssvene solucdo de PBS e

Triton X-100 (0,5%). A seguir foram incubados emABE% em PBS) durante 1 hora. Na



sequéncia foram incubados por 48 horas, em tengparaibiente, com anticorpo primario
especifico para nNOS (Tabela 1). Apés esse peftdm lavados por trés vezes sucessivas
em PBS e incubados com anticorpo secundario (Tabelaor 2 horas, em temperatura
ambiente. Foram lavados novamente, por trés vemeEssvas, em PBS. Controle negativo

foi realizado com a omiss&o do anticorpo primario.

Analise morfométrica dos neurénios mioentéricos HliCe nNOS imunoreativos

A morfometria dos neurdnios mioentéricos HUC/HuMMNOS imunoreativos foi
realizada por meio de imagens obtidas por amosirage imagens foram capturadas por
uma camera de alta resolucdo AxioCam (Zeiss, Adamanha) acoplada ao microscépio de
luz Axioskop Plus (Zeiss), transferidas para um motador pelo programa AxioVision 4
versao 4.1 e gravadas em compact disc (CD). Sdtdaranalise de imagens Image-Pro Plus
versao 4.5.0.29 (Media Cybernetics, Silver SprM@, EUA) foi utilizado para a realizacao
da morfometria neuronal nas imagens gravadas em CD.

Na técnica HUC/HuD foram medidos, para cada dnimsaperfis dos corpos celulares
de 100 neurbnios presentes em 30 imagens. NasadcnNOS foram medidos, para cada
animal, os perfis dos corpos celulares de 100 m&sbe dos nucleos celulares de 100
neurdnios presentes em 30 imagens. Todas as imBuyans capturadas em objetiva de 20X.
A &rea de cada imagem mensurada no Image-Pro @lde 0,369 mrh, totalizando 11,07
mnv*

Andlise estatistica

Resultados foram submetidos a analise estatisticenpio dos programas Statistica e
GraphPad Prism, expressos como média + desvio @a@é dados morfométricos foram

analisados em bloco, seguidos pelo teste de Tlag 0s outros resultados usamos analise



de variancia One-way ANOVA, seguidos do teste deeyuO nivel de significancia foi de

5%.

Resultados

No dia seguinte a injecdo de estreptozootocinaprswmo de agua e o volume
urinario por 100g de peso corporal nos animaisrdp@D foi 17,11 ml e 6,17 ml, enquanto
no grupo T foi de 15,84 ml e 7,89 ml, respectivar@eksses valores foram bem superiores
ao verificado no grupo C, 10,46 ml de agua e 1,B@enurina, indicando a instalacdo do
quadro de diabetes nos grupos D e T (Tabela 2).

No decorrer do experimento, a polidipsia e a p@lisomaram-se a perda significante
de peso corporal nos grupos D e T, sendo que ab dim experimento a hiperglicemia
confirmou a ocorréncia do diabetes (Tabela 2).

Nos trés grupos foram evidenciados ganglios dropiaioentérico, constituidos por
numerosos corpos de neurdnios, densamente agrugadosa marcacao neuronal para
imunohistoquimica HuEiuD (10 a 93 neurdnios por campo).

Nos preparados de membrana submetidos a imunghisiwa para nNOS foram
marcados corpos celulares e processos neuronasmFencontrados neurdnios isolados e
ganglios com poucos neurdnios, esparsamente dilstoib (2 a 32 neurdnios por campo). A
andlise morfométrica dos neurdnios marcados coétrdada HUC/HuD demonstrou reducao
significante na area do perfil do corpo celulargnapo D, enquanto a area do perfil do corpo
celular no grupo T permaneceu proxima dos valoaedrea do grupo C (Tabela 3).

Na imunohistoquimica para nNOS, os perfis dassades corpos celulares e dos

nucleos mostraram redugdo significante nos anidwgrupo D. (Tabela 3)



Discussao

A classica polifagia verificada no diabetes croméo ocorreu na situacao de diabetes
agudo do presente experimento. Acreditamos quari@ss o organismo tenha se utilizado da
mobilizacdo de massa corporal dos tecidos de r@g@ma que substratos energéticos fossem
supridos as células carentes de glicose e as e@glicogénicas, o que € evidenciado pela
perda de peso dos aninfai¥ Em diversos experimentos realizados por nosspogre
pesquisa e por outros pesquisadores foi verifieagalifagia em ratos com diabetes crénico
possivelmente porque suas reservas teciduais apgesse muito reduzidas, o que foi
evidenciado pela significativa perda de pés5™ No diabetes crénico, a polifagia apresenta-
se como uma resposta compensatoria as célulasdigypies de insulina, para o transporte de
glicosé®.

Por outro lado, os animais diabéticos apresentayamde aumento na ingestdo de
agua e na eliminacdo de urina. No diabetes mell#uglicosuria leva a perda de agua e de
eletrélitos, ocasionando a diminuicdo extra e wothlar desses componentes. Em tais
condicdes, os centros neurais da sede deflagramnisews que levam a polidpSia

Neste trabalho, utilizamos duas técnicas paraeacid¢cdo dos neurdnios entéricos. A
marcacdo HuC/HuD é especifica e evidencia os catpa®dos os neurdnios, uma vez que
marca a proteina estrutural H&*® o que nos possibilitou avaliar as areas dos el
populacdo geral de neurdnios do plexo mioentériestabelecer comparacdes com as areas
dos perfis dos neur6nios evidenciados pela imueadéb da nNOS (neurdnios nitrérgicos
do plexo mioentérico).

As areas dos perfis celulares dos neurdnios Hull/Ha plexo mioentérico dos
animais do grupo D apresentaram-se significativaenerenores do que as dos grupos C e T,
ou seja, 0s neurdnios mioentéricos dos animaisrdpogD sofreram reducdo de tamanho

apesar do curto periodo de tempo em que os ratosapeceram diabéticos. A reducdo nas



areas dos corpos celulares da populacéo geralwénies do plexo mioentérico foi também
observada no colo de ratos com diabetes dgudo

Os neurdnios nitrérgicos dos ratos do grupo D @amlexibiram areas dos perfis
celulares significantemente menores que as do g@paontudo, estudo quantitativo
realizado com 0s mesmos animais que empregamosesenpe trabalho demonstrou, nos
animais diabéticos, reducéo de cerca de 20% nadaelesde neurdénios HUC/HuD, enquanto
a densidade de neurdnios nNOS dos grupos D e aprésentou reducao significafftdsso
evidencia que 0s neurdnios nitrérgicos, apesaofterem reducdo aguda no volume de seu
nacleo e no do citoplasma, sdo menos acometidasnpaite celular provocada pelo diabetes
agudo que outras sub-populacdes neuronais que esmpdlexo mioentérico. Estudos dos
neurénios mioentéricos NNOS de ratos com diabetesco evidenciam que esses neurbnios
sdo os que menos se perdEf Diversos estudos tém demonstrado que os neurdnios
nitrérgicos sao resistentes a agressdes como @xaitade, hipoxia, doenca de Hungtington,
envelhecimento e diabet&<320%8

WROS et al. (1997 verificaram reducdo na expressdo de nNOS nos mesro
mioentéricos do antro de ratos, o que pode cortriara as alteracfes do esvaziamento
gastrico observadas no diabetes. Por outro ladorefesidos autores ndo encontraram
diferencas estatisticas significantes na expredsd@NOS no duodeno, no ileo e no colo de
ratos controle e com diabetes cronico. Cabe ressajtie realizaram seus estudos
guantitativos e qualitativos empregando corteoltigicos e também néo realizaram analises
morfométricas do perfil do nucleo e do citoplasma.

A insulina causa o transporte de muitos aminoaqgidwa dentro das células, além de
atuar diretamente sobre os ribossomas, aumentandalecdo de mRNA, formando assim
novas proteinas. Na auséncia de insulina a atigidadssémica é interrompida, e cessam a

sintese e 0 armazenamento de proteinas. A maity garexcesso de aminoacidos é usada



diretamente para energia ou como substrato paranglogénese. Dessa forma, a deplecao
protéica constitui um dos mais graves distrbiogidbetes mellit.8. Reducéo das areas dos
corpos celulares associada a cromatolise foi tand@denciada em estudos que realizamos
anteriormente em neurdnios mioentéricos do cecaatles diabéticdS. Outros autores
também observaram ocorréncia de cromatélise apd@s de inducdo do diabetesA
cromatolise € caracterizada pela desintegracdo uttéaio e dos polirribosomos como
resposta a uma agressao sofrida por um nedfdti® diabetes indubitavelmente agride a
célula de varias maneiras, dentre as quais por deewivacdo de substratos energéticos e da
reducéo da sintese protéica, relacionadas a faltastdlina. A semelhanca do que ocorre em
outras células, a maioria das proteinas formadasnearonios vai para a constituicdo do
citosol. As proteinas citosolicas sao distribuidas todo o neurbnio e incluem as enzimas
citosolicas e os elementos fibrilares do citoesgjoelque determinam a forma da célula.
Essas enzimas séo usadas tanto para a produc@erdeejuanto para as vias especiais de
biosintese, e consomem ou transformam as multglastancias de baixo peso molecular
dentro da célufd. Reducdes na sintese dessas proteinas, mesmcemperariamente,
implicam alteragbes do funcionamento celular, pddeacasionar redugédo no volume do
citoplasma e, consequientemente, na area do parfiac. Alteragbes na area do nucleo ou do
citoplasma em outras regides do sistema nervosbémmsdo relatad®s’’. Portanto, a
reducdo na é&rea dos perfis celulares, verificadapresente experimento, pode estar
diretamente relacionada a desestruturacao dosiposiomos, com consequente alteracdo na
biosintese de proteinas, devido a auséncia denasul

No presente estudo a hipétese acima é reforcadafqtel de os neurénidduC/HuD
dos animais diabéticos tratados com insulina néartepresentado reducgéo significante nas
areas de seus perfis quando comparados ao grupmrCoutro lado, a sub-populacdo de

neurénios nitrérgicos do grupo T possuia areaedes gelulares menores que as do grupo C



e maiores que as do grupo D, o que demonstra queamento com insulina minimizou a
acao fisiopatoldgica do diabetes sobres essasselul

Com a imunomarcacéo pela HuC/HuD néo ha delimitaighperfil do nucleo como
ocorre com a técnica da nNOS; por esse motivo edlzamos tal analise. Por outro lado, os
perfis dos nlcleos dos neurdnios nNOS dos aninmigrdpo D (152,36+3,52 pneram
significantemente menores que o verificado nos @gulc (178,29+9,0 pmMm) e T
(163,47+5,50 pr). Nota-se também que a relacéo nicleo-citoplasinadntida, ou seja, as
areas dos perfis dos nucleos representavam: no @up3,74%; no grupo D, 51,94%; e no
grupo T, 54,12%. Como a sintese de proteinas éroce$s0 que ocorre de maneira integrada
entre nucleo e citoplasma, entendemos que a feltmslilina afeta simultaneamente esses
dois compartimentos celulares dos neurénios nNOS.

Cabe destacar que as informacdes genéticas doonsétetranscritas em mRNA e
conduzidas através dos poros nucleares para démtoitoplasma, onde sdo traduzidas em
uma das trés classes de proteinas: 1) proteinasélaias; 2) proteinas nucleares e
mitocondriais; e 3) proteinas para o principal esi’t de membrana do neur6nios. As
proteinas nucleares e as mitocondriais sao codéd&kaelo nicleo da célula e formadas nos
ribossomas livres. Apds a sintese sao dirigidaa parorganelas apropriadas por meio de
importacéo pos-traducib Logo, a reducdo da sintese protéica no citopldsmpéica uma
menor quantidade de proteinas para serem impornpaiiasiticleo, ocasionando a reducgéo de
seu volume. Por outro lado, o tratamento com inaupossibilitou uma maior sintese de
proteinas, evidenciada indiretamente pela maioa @ perfil do nucleo e do citoplasma
apresentada pelos animais do grupo T.

Os neurdnios mioentéricos NNOS imunoreativos possatévidade inibitoria sobre a

musculatura lisa intestinal e suas alteracdes tqtigsis ou quantitativas repercutem sobre a



motilidade intestinal, podendo relacionar-se taréo diarréia quanto a constipacao

intestinat® 3829
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Tabela 1.Anticorpos primarios e secundarios utilizados inasnoreacdes para HUC/HuD e

NNOS

Primario Hospedeiro Dose Empresa Secundario Dose Hmesa

HuC/HuD Camundongo 1:500 Molecular  Alexia Fldor 1:500 Molecular

Probes, 488 Probes,
Invitrogen anticamundon Invitrogen
go
nNOS Coelho 1:500 Santa Crudexia Flaor 1:500 Molecular
Biotechnology, 488 Probes,
Califérnia, Anticoelho Invitrogen

EUA




Tabela 2 - Parametros encontrados em ratos Wistar machos 210 dias de idade,
pertencentes ao grupo controle (C) e aos gruposdiabetes agudo sem tratamento (D) e

tratado com insulina NPH subcutanea (T). (n = i@srpor grupo).

Parametros/grupos Grupo C Grupo D Grupo T
Peso inicial (g) 430,0£15,38 450,0+29,10 451,04@5,1
Peso final (g) 410,4+13,92 391,35+39,28 384,80440,4
Perda de peso corporal (%) 4,50+0,93 13,0644,38 14,57+8,55
Consumo de alimento por 7,30+1,31 6,98+1,13 6,16+1,40

100g de peso corporal

Consumo de &gua por 100g 10,91+2,01 21,32+4,%1 19,57+5,28
de peso corporal

Volume urinario por 100g de 1,83+0,80 11,07+3,4%2 9,14+4,F
peso corporal

Glicemia (mg.df) 135,4+33,90 315,2+69,60 355,9+70,88

Ap<0,01 em relacéo ao grupo C

Bp<0,001 em relacéo ao grupo C



Tabela3 — Area (mrf) dos perfis celulares (500 neurénios por grupohelerdnios reativos
as técnicas imunohistoquimica nNOS e HuC/HuD, éa@mioentérico do duodeno de ratos

adultos submetidos ao diabetes agudo experimédalesultados sdo expressos como média

+ desvio padréo. (n =5 ratos por grupo).

Técnica Grupos Area
Controle 288,18+17,81
HU Diabético 243,69+18,91
Tratado 284,11+30,64
Controle 331.73+17,58
NOS Diabético 293.32 + 24,65
Tratado 302.07+ 10,61

Ap<0,05 em relacédo ao grupo C

Tabela4 — Area dos perfis dos nucleos celulares (5006méns por grupo) de neurdnios
reativos a técnica imunohistoquimica NNOS, do plexoentérico do duodeno de ratos

adultos submetidos ao diabetes agudo experimé&dalesultados sdo expressos como média

+ desvio padréo. (n =5 ratos por grupo).

Técnica Grupos Area
Controle 178,29+9,0
NOS Diabético 152,363,532
Tratado 163,47+5,50°

~p<0,001 em relacéo ao grupo C
Bp<0,01 em relacdo ao grupo C

©p<0,05 em relacéo ao grupo D
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ABSTRACT
This work had the purpose of measuring and comg@dhia areas of the cellular and nuclear
profiles of the neurons of the myoenteric plexusnofmoglycemic (C), diabetic (D) and
insulin-treated diabetic rats (T). The neurons wagned with the immunohistochemical
techniques of NNOS and HuC/HuD. The areas of thelaeprofiles of the HuC/HuD-stained
neurons of the myoenteric plexus of the animalsnfigroup D (243.69+18.91 [Anwere
markedly smaller than those from groups C (288.7831 uni) and T (284.11+30.64 |n
The nuclear profiles of the nNOS-positive neurohthe animals from group D (152.36+3.52
un?) were significantly smaller than those from grou@s (178.29+9.0 pR) and T
(163.47+5.50 pn). It was also noticed that the nucleus/cytoplaatiorwas maintained, that
is, the areas of the nuclear profiles, when contp&wethe areas of the cellular profiles were
53.74% in group C, 51.94% in group D and 54.12%rioup T. It is discussed that protein
synthesis is a process that takes place in anrateymanner between nucleus and cytoplasm
and that the acute lack of insulin affects simwdtarsly these two cellular compartments of

the nNOS-positive neurons.

KEY WORDS: cellular profile; nucleus/cytoplasm ratio; acudli@betes; insulin; myoenteric

neurons



Introduction

The Enteric Nervous System (ENS) is placed withim length of the gastrointestinal
tract, where it controls and coordinates motilipgal blood flux and secretions. Made up of
about 18 sensitive, motor and integrative nerve cells, st drranged into two large
ganglionated plexuses — the myoenteric and the sobus.

Research on the alterations induced by experirheiddetes on the ENS is quite
broad. It was described, for instance, that 75%hefdiabetic patients show gastrointestinal
symptoms such as nausea, abdominal pain, diarbeatipations and slow gastric emptying

Other studies add that the specific neurochemiggaups show response
patterns to diabetes that depend on both the imd¢stegment and the duration of the
diabeted®.

The use of streptozotocin has revealed that sanaes undergo degenerative process,
some have their neurotransmitter content alterédont evidence of degeneration and others
are not affected by the diabetic condifion

Based on the total population and the neuronapgpations with their different
functions within the ENS, we carried out this invgstion with the purpose of investigating
on the rat duodenum the effects of acute experiaheldbetes and insulin treatment on the
following parameters: 1) morphometry of the myoenteneurons — HuC/HuD and 2)

morphometry of the nitrergic subpopulation of thgoenteric plexus — nNOS.

Material and methods
Study groups
All experimental procedures described in this pamer in agreement with ethical

principles stated by the Brazilian Colege of Aninkadperimentation (COBEA) and were



previously submitted to the Committee of EthicsAnimal Experimentation of the State
University of Maringa (UEM) (Protocolo N. 006/2005)

It was used 30 male Wistar rats aging seven moatitajned from the Central Animal
House of UEM, which were divided into three groupsntrol (C), diabetic (D) and insulin-
treated diabetic (T). The animals were housed dividual metabolic cages and kept at
constant temperature and 12-hr photoperiod forrselagys undead libitum supply of water
and NUVILAB rat chow.

On the first day of the experiment, after overnitgst, the rats from groups D and T
received an i.v. injection of streptozotocin (35/kggbody weight; Sigma, St. Louis, MO,
USA) dissolved in citrate buffer pH 4.5 (10 mM) fdiabetes induction. Group C was injected
with an equivalent volume of vehicle. After thalygemia was determined by the method of
glucose oxidadefor confirmation of the experimental model. Aletlanimals from groups D
and T showed glycemia higher than 210 mg/dl.

On the next five days, group T received daily megnsubcutaneous injections of
NPH insulin dissolved in saline solution (0.9%}t& dose of 10 U/kg body weight (Novdlin
N, Novo Nordisk A/S, Denmark). Body weight, fooddawater ingestion and urine volume
were recorded daily.

On the sixth day insulin injection was suspended ah the animals were fasted
overnight; on the seventh day the animals weredilinder previous anesthesia with i.p.
thiopental (40 mg/kg body weight, Abbott Labs., &go, IL, USA).

Through cardiac puncture, blood was collected fetednination of fasting plasma
glucose and then the abdominal cavity was openedditection of the duodenum and the
periepididymal and retroperitoneal fat pads. Theesee weighted and normalized for 100 g
body weight. The duodenum was removed by sectioainthe pylorus and the duodeno-

jejunal flexure. Its length and width were immedigtmeasured.



The samples of duodenum subjected to the immuraathistnical techniques were
washed in PBS pH 7.4 (0.1 M) and filled with Zambfixative solutiorf. Soon after, they
were washed on the same solution for 18 hours urdegeration. At the end of this period,
the segments were opened along the mesenteritaieat and washed in 80% alcohol until
the complete removal of the fixative. Next, theyravdehydrated in series of alcohol (100%,
90%, 80%, 50%) and placed in PBS 0.1 M. Finallg, s$egments were dissected to whole-
mount preparations.

The duodenal segments were prepared for the imnstochemical techniques of
anti-HUC/HuD, which stains structural proteins présin all neurons, and anti-nitric oxide
synthase (nNOS):

- HUC/HUD: The whole mounts were washed twice (10 min eagshyvin PBS 0.1 M
solution added with Triton X-100 (0.5%). Next, thegre incubated in BSA (1% PBS 0.1 M),
remaining in this solution for one hour at room pamature.

The segments were then incubated in anti-HuC/Huingyy antibody (Table 1)
diluted in a solution containing 1% BSA, Triton X} (0.5%) and PBS 0.1 M for 48 hours at
room temperature. The tissues were washed threestim PBS and incubated with the
secondary antibody (Table 1) for two hours. Theeytiwere washed three times in PBS,
mounted in slide with buffered glycerol (9:1) andred at the refrigerator. The negative
control was carried out in the absence of the pryraatibody.

- nNOS® The whole mounts were initially washed three nire PBS/Triton X-100
(0.5%) solution. Next, they were incubated in BS®6(in PBS) for one hour, and then
incubated for 48 hours, at room temperature, WNID8-specific primary antibody (Table 1).
After this period they were washed three times BSRand incubated with the secondary
antibody (Table 1) for two hours at room tempemtiiinally, they were again washed three

times in PBS. Negative control was carried oubm absence of the primary antibody.



Morphometric analysis of the HuC/HuD- and nNOS-imoreactive myoenteric
neurons

The morphometry of the HUC/HuD- and nNOS-immunctiga myoenteric neurons
was made through images obtained by sampling. Weges were captured with a high-
resolution AxioCam camera (Zeiss, Jena, Germanypled to an Axioskop Plus (Zeiss) light
microscope, transferred to a computed through tfisvare AxioVision 4 version 4.1 and
recorded in CD. All the images were captured ur@i@éX objective. The image-analysis
software Image-Pro Plus version 4.5.0.29 (Mediaebyétics, Silver Spring, MD, EUA) was
used for the measuring of the neuronal morphonwdttize CD-recorded images.

For the HUC/HuD technique, the profiles of thd beldies of 100 neurons seen in 30
images of each animal were measured. For the nNCi8igue, 100 cell body and nuclear
profiles of 100 neurons seen in 30 images of eadmal were measured. The area of each

image on Image-Pro Plus was 0.369 fntotaling 11.07 mrm

Statistical analysis

The results were statistically analyzed throughiSitea and GraphPad Prism, being
expressed as meanzstandard deviation. The morphondeta were analyzed as a whole
followed by Tukey's test. For the other results -ovey ANOVA was used, followed by

Tukey’s test. The significance level was 5%.

Results

The day after streptozotocin injection, water stga and urine volume per 100 g
body weight in group D were 17.11 ml and 6.17 nfijlevin group T they were 15.84 ml and
7.89 ml, respectively. These were markedly highantthose of group C, 10.46 ml and 1.39

ml, indicating the diabetic condition in groups Bdar (Table 2).



As the experimental period continued, polydipsid polyuria were accompanied by a
significant loss of body weight in groups D and and at the end of the experiment
hyperglycemia confirmed the diabetic condition ([Eab).

In all three groups, the ganglia of the myoentgriexus were seen made up of
numerous densely packed neuronal cell bodies wghimmunohistochemical staining of
HuC/HuD (10 to 93 neurons per field).

On the whole mounts subjected to NNOS immunohigtotstry, neuronal cell bodies
and processes were stained. Isolated neurons aigliagavith a few scattered neurons (2 to
32 neurons per field) were observed.

The morphometric analysis of the HuC/HuD-staineduroes demonstrated a
significant decrease of the area of the cell bodfilp in group D, while that of group T
remained close to that of group C (Table 3).

Under nNOS immunohistochemistry, the areas of #lebody and nuclear profiles

were markedly reduced in group D (Tables 3 and 4).

Discussion

The classic polyphagia seen in long-term diabdigéshot occur in the acute diabetes
of this investigation. It is believed that in tipbase the organism used the mobilization of
storage tissues to supply energy substrates to gtheose-starved cells and to the
neoglycogenic pathways, which is evidenced by thaybwveight loss of the animafs In
several experiments carried out by our researchpgamd others, polyphagia was observed in
long-term diabetic rats, possibly because theisuBs reserves were quite reduced, as
evidenced by the significant body weight reductidi®> In chronic diabetes polyphagia

arises as a compensatory response to the insytiendent celf€.



On the other hand, the diabetic animals had at gneeease in water ingestion and
urine volume. In diabetes mellitus glycosuria ledadsa concomitant loss of water and
electrolytes, causing an extra- and intracellulecrdase of these components. Under these
conditions, the neural centers of thirst triggechamisms that result in polydipsia

In this work we used two techniques for the stajnof the enteric neurons. The
HuC/HuD staining is specific and stains the celllypof every neuron, because it stains the
structural protein HU'®*® This made it possible for us to evaluate thesaoéahe profiles of
the general population of neurons of the myoentgléxus and establish comparisons with
the areas of the profiles of the neurons stainetth wWNOS immunodetection (nitrergic
neurons of the myoenteric plexus).

The areas of the cellular profiles of the HuC/Hp@sitive neurons of the myoenteric
plexus of group D were significantly smaller thdmoge of groups C and T, that is, the
myoenteric neurons of the animals of group D unéeitva decrease in size despite the short
period the animals were diabetic. The reductiothenareas of the cell bodies of the general
population of neurons of the myoenteric plexus ais® observed in the colon of rats with
acute diabetés

The nitrergic neurons of the rats of group D disdl areas of the cell body profiles
markedly smaller than those of group C; howeveyuantitative study carried out with the
same animals of this investigation demonstratetittieadiabetic animals had a 20% reduction
in the density of HuC/HuD-positive neurons, white tdensity of nNOS-positive neurons of
groupd D and T did not show a significant reducfiohis indicated that the nitrergic
neurons, despite undergoing an acute reductioneirvélume of their nucleus and cytoplasm,
were less affected by cell death triggered by acdigbetes than other neuronal
subpopulations of the myoenteric plexus. Studigh®@hNOS-positive myoenteric neurons of

rats with long-term diabetes evidenced that thesgrans are minimally 105t Several



studies have been demonstrating that the nitrargicons are resistant to insults such as
excitotoxicity, hypoxia, Huntington’s disease, apand diabeté&?326-28

WROS et al. (19975 verified reduction in the expression of NOS in thgoenteric
neurons of the gastric antrum of rats, this pogstiaintributing to the alterations of gastric
emptying observed in diabetes. On the other hameket authors did not find statistically
significant differences in the expression of nNOSthe duodenum, ileum and colon of
control and long-term diabetic rats. It is worth gdrasizing that those quantitative and
qualitative studies employed histological sectioasd that morphometric analyses of the
nuclear and cytoplasmic profiles were not carrietl o

Insulin stimulates the uptake of many aminoacigghe cells, in addition to acting
directly on the ribosomes to increase mRNA trarmhatthus forming new proteins. In the
absence of insulin ribosomal activity is interrupi@nd protein synthesis and storage cease.
Most of the excess aminoacids is used directlynesgy or as substrate for neoglycogenesis.
In this way, protein depletion is one of the maaticus disturbances of diabetes melfitus
Reduced areas of the cell bodies associated witm@tolysis were also evidenced in studies
we carried out previously in myoenteric neuronshefcecum of diabetic rdfs Other authors
also observed the occurrence of chromatolysis afieze days of diabetes inductin
Chromatolysis is characterized by disintegrationtred nucleolus and polyribosomes as a
response to an aggression suffered by a nétifdrDiabetes undoubtedly strikes the cell in
many ways, including shortage of energy substratelsreduction of protein synthesis related
to insulin lack. Similar to what takes place in etlcells, most of the proteins formed in
neurons goes to the cytosol. The cytosolic protaresdelivered to all the neuron and include
the cytosolic enzymes and the fibrillar elementshef cytoskeleton that determine the shape
of the cell. These enzymes are used both for tbdyation of energy and for the special

biosynthetic pathways, and consume or transform hdtiple low-molecular-weight



substances inside the ¢&lIReductions on the synthesis of these proteiren éemporarily,
imply in alterations of the cellular functioning,high may cause decreased cytoplasmic
volume and therefore of the cell body profile ar€hanges in the area of the nucleus or
cytoplasm in other regions of the nervous systee aso reported>’. In this way, the
reduction of the area of the cell body profilesrsgethis experiment can be directly related to
the dismantling of the polyribosomes with changeriotein biosynthesis due to the absence
of insulin.

In this study the hypothesis outlined above isfoeced by the fact that the HuC/HuD-
positive neurons of the diabetic rats treated wiulin did not show a significant reduction
in the areas of their profiles when compared taugr@. On the other hand the subpopulation
of nitrergic neurons of group T had cell body arsamaller than those of group C and larger
than those of group D, demonstrating that insukatinent minimized the pathophysiological
action of diabetes on these cells.

With HUC/HuD immunostaining there is no delimitatiof the nuclear profile as with
the nNOS technique, and that is why this measure ned taken. On the other hand, the
profiles of the nucleus of the nNOS-positive nesroof the animals from group D
(152.36+3.52 pA) were significantly smaller than in groups C (289.0 pm) and T
(163.47+5.50 pA). It is also noticed that the nucleus/cytoplastioraas maintained, that is,
the areas of the nuclear profiles represented 98.idgroup C, 51.94% in group D and
54.12% in group T. As protein synthesis is a prede&ing place in an integrated manner
between nucleus and cytoplasm, we believe thatimkck affects both compartments of the
NNOS-positive neurons simultaneously.

It should be emphasized that the genetic infoionatif the nucleus are transcribed into
MRNA and taken across the nuclear pores into theptasm, where it is translated into one

of three classes of proteins: 1) cytosolic proted)swuclear and mitochondrial proteins and 3)



proteins for the major membrane system of the meuilidhe nuclear and mitochondrial
proteins are encoded by the cell nucleus and syiziéek by free ribosomes. After their
synthesis, they are directed to the right orgasdilemeans of post-translational importatfon
Thus, the reduced protein synthesis in the cytopliesds to a smaller amount of proteins to
be imported by the nucleus, causing its reductiorvalume. On the other hand, insulin
treatment made a greater protein synthesis possioleectly seen as a greater area of both
the nucleus and the cytoplasm profiles in the atsrftam group T.
The nNOS-immunoreactive myoenteric neurons hakitory action on the

intestinal smooth muscle. Their qualitative or duative changes reflect on the intestinal

motility, resulting either in diarrhea or intestimanstipatior®¢3?



Table 1.Primary and secondary antibodies used in the inomaactions for HUC/HuD and

nNOS.

Primary  Host Dose Company Seconday Dose Company

HuC/HuD Mouse 1:500 Molecular Alexia Fluor 1:500 Molecular
Probes, 488 antimouse Probes,
Invitrogen Invitrogen

nNOS Rabbit 1:500 Santa Cruklexia Fluor 1:500 Molecular
Biotechnology, 488 antirabbit Probes,
California, Invitrogen

EUA




Table 2— Parameters of male 210-days-old Wistar rats filmencontrol group (C), diabetic
untreated group (D) and diabetic group treated withcutaneous NPH insulin (T). (n = 10

rats per group).

Parameters/groups Group C Group D Group T
Initial weight (g) 430.0+15.38 450.0£29.10 451.04%6
Final weight (g) 410.4+13.92 391.35£39.28  384.80480
Body weight loss (%) 4.50+0.93 13.06+4°38  14.57+8.55
Food ingestion per 100 ¢ 7.30+1.31 6.98+1.13 6.16+1.40
body weight

Water ingestion per 100 g  10.91+2.01 21.32+4.81  19.57+5.28
body weight

Urine volume per 100 g body ~ 1.83+0.80 11.07+3.4%2 9.14+4.%
weight

Glycemia (mg.dH) 135.4+33.90 315.2+69.60 355.9+70.88

Ap<0.01 relative to group C

Bp<0.001 relative to group C



Table 3 — Area (mr) of the cell body profiles (500 neurons per groapheurons stained
with the immunohistochemical techniques of NNOS BiC/HuD of the myoenteric plexus
of the duodenum of adult rats subjected to acuigemxental diabetes. The results are

expressed as meanzstandard deviation. (n = 5 eatgrpup).

Technique Groups Area
Control 288.18+17.81
HU Diabetic 243.69+18.91
Treated 284.11+30.64
Control 331.73+£17.58
NOS Diabetic 293.32 + 24.65
Treated 302.07+ 10.61

Ap<0.05 relative to group C

Table4 — Area of the cell nucleus profiles (500 neurpes group) of neurons stained with
the immunohistochemical technique of nNOS, of th@enmteric plexus of the duodenum of
adult rats subjected to acute experimental diab&ibe results are expressed as mean *

standard deviation. (n = 5 rats per group).

Technique Groups Area
Control 178.29+9.0
NOS Diabetic 152.36+3.52
Treated 163.47+5.5¢

Ap<0.001 relative to group C
®p<0.01 relative to group C

©p<0.05 relative to group D
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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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