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“EFEITOS DO DIABETES ESPONTANEO SOBRE A MUCOSA BUCAL DE CAMUNDONGOS (NOD). "

RESUMO

O Diabetes Mellitus ¢ um distirbio cronico que afeta o metabolismo de proteinas,
carboidratos e gordura sendo a hiperglicemia a principal caracteristica. A incidéncia
mundial de individuos com diabetes vem aumentando nos dltimos anos, cerca de 160
milhGes de pessoas sdo diabéticos tendendo a dobrar nos proximos 25 anos (Ritz, 2002).
Diversos estudos vem sendo realizados na tentativa de esclarecer os efeitos deletérios do
diabetes sobre a mucosa bucal, além da reversio desses através de tratamento e ou dieta.
Contudo, duvidas persistem sobre os efeitos celulares dessa patologia na mucosa bucal.
Assim, o presente estudo visa realizar analises histologica, ultra-estrutural e estereologica
da mucosa bucal de camundongos espontaneamente diabéticos, correlacionando-as a
processos de reparo e susceptibilidade a infecgdes. No presente estudo foram utilizados 27
camundongos fémeas divididos em 3 grupos; diariamente realizou-se o monitoramento dos
niveis de glicose e caracterizando o estado diabético realizou-se coleta da mucosa bucal
com posterior processamento para microscopia de luz e eletrbnica de transmissio. Nos
grupos Nod negativo ¢ Nod positivo verificou-se diminuigio da espessura epitelial e atipia
das células epiteliais. Ultra-estruturalmente, notou-se involugio do volume celular,
principalmente no estrato basal. Assim conclui-s¢ que o diabetes espontineo leva a
mudangas na biologia basica da mucosa bucal, podendo levar ao comprometimento do

reparo tecidual propiciando a ocorréncia de infecgdes bucais.




“EFEITOS DO DIABETES ESPONTANEQ SOBRE A MUCOSA BUCAL DFE CAMUNDONGOS (NOD),”

I-INTRODUCAO
1.1-DIABETES — GENERALIDADES

O Diabetes Mellitus ¢ um disturbio crénico que afeta o metabolismo de proteinas,
carboidratos e gordura, resultando em severas desordens metabolicas. A principal
caracteristica dessa patologia ¢ a hiperglicemia refletindo uma deficiéncia na utilizagdo dos
carboidratos (glicose), resultado de uma anormalidade na secregfio de insulina ou do efeito
desta sobre os tecidos (Robbins, 1989; Conget, 2002). O péncreas ¢ uma glindula, tanto de
excregdo exocrina como endocrina. A porgio enddcrina estd representada por
aproximadamente um milhdo de unidades celulares agrupadas denominadas “Ilhotas de
Langherans”. Essas ithotas sio agregados de diferentes tipos celulares, das quais 70 %
estdo representados por células Beta. As células Beta sintetizam e secretam a insulina
estimuladas pela concentragiio de glicose no sangue (Nattras & Halles, 1988). A insulina é
um polipeptideo composto por duas cadeias de aminoacidos, tendo importante papel na
regulagio de varias patologias do metabolismo, incluindo o de carboidratos, ©
armazenamento de glicogénio, a sintese de acidos graxos, o transporte de aminoacidos € a
sintese de DNA, RNA e proteinas (Anderson et al., 1994). Porém, quando as células Beta
deixam de executar suas fungBes, seja por fatores hereditarios ou relacionados a obesidade,
caracteriza-se um quadro patoldgico denominado Diabetes Mellitus (Byrne, 1996; Guyton
& Hall, 1996). Em seres humanos, pode-se classificar o diabetes em duas categorias, tipo [
(infanto-juveni!) ou insulino dependente (IDDM), que resulta em severa ou absoluta falta
de msulina, além de grande tendéncia a cetose e o tipo I, ou nfo dependente de insulina
(NIDDM) caracterizado por estabilidade e relativa insensibilidade a insulina, com auséncia
de cetoses. A incidéncia de pacientes com este tipo de diabetes vem aumentado
espantosamente (Ritz, 2002), sendo a obesidade uma das caracteristicas marcantes do
diabetes tipo II, sendo que esta forma leva a diminui¢do do nimero de receptores de

insulina nas células alvo, tornando a quantidade de insulina ineficiente (Ellenberg & Rifkin,



1962; Robbins, 1989). E estimado que o diabetes do tipo 1 manifesta-se aproximadamente
em 10% dos pacientes diabéticos do Ocidente (Stefan, 1996). Dados recentes mostram que
8% para cada 100 mil habitantes, entre 30 e 65 anos de idade s3o portadores desse tipo de
diabetes (Ministério da Satde/Guia de Vigilancia Epidemiologica do Brasil, 1998). Nos
Estados Unidos, o diabetes é responsavel por 2% dos Obitos estando entre as dez doengas
que mais matam nesse pais. Com taxa anual de cerca de 54,000 obitos, o diabetes constitui
a sétima causa principal de 6bitos nos Estados Unidos (Parker et al., 1997). A incidéncia
mundial de pacientes com diabetes vem aumentando nos ultimos anos, cerca de 160
mithdes de pessoas sio diabéticos tendendo a dobrar nos proximos 25 anos (Ritz, 2002).
Além disso, ¢ uma doenga que debilita os portadores levando-os a varias complicagbes
como: deficiéncias vasculares, renais, oftalmicas, neuroldgicas, bem como perca de peso,
problemas digestivos, alteragiio na cicatrizagio de feridas ¢ a incidéncia de infecgdes,
normalmente levando o individuo ao afastamento das atividades de trabalho (Gomon &
Goldner, 1943; Fushini, 1980; Shunk Mei-Ho, 1990; Stefan, 1996). Apesar do
conhecimento das varias complicagBes que o individuo diabético apresenta, pouco se sabe
sobre a etiologia dessa doenca. Esse fato deve-se a varios fatores tais como: os diversos
perfis clinicos e subclinicos, a idade com que a doenga manifesta-se e a incidéncia nos
diferentes grupos étnicos e geograficos avaliados (Creutzfeld, 1976). Varias tentativas tém
sido realizadas para elucidar como, quando, porque e quais os efeitos deletérios nos
sistemas orgénicos, além da reversdo desses através de tratamento e ou dieta. Assim sendo,
a utilizagdo de diferentes espécies animais que apresentem o diabetes, tanto por indugdo
quimica ou por espontaneidade € comum. Para a indugdio quimica do diabetes sdo utilizadas
drogas como a estreptozotocina e a aloxana (Seethalakshmi et al., 1987, Saprykina et al.,
1998; Perez et al., 1998; Kovacs et al., 1998; Palomar-Morales, 1998; Lee et al, 1999,
Yildirim et al., 1999; Orie & Anyaegbu, 1999; Kavikumar & Anuradha, 1999; Avedano,
1999). Os animais utilizados nesses experimentos sio tanto cdes como roedores da
linhagem CS7BL/Ksj homozigotos diabéticos (db/db), o Wistar Chinés (Herberg &
Coleman, 1977) e o NOD (diabético n8o obeso), apresentando os dois ultimos sindrome
espontéanea semelhante ao diabetes humano tipo II e I respectivamente (Makino et al.,

1980). Tanto os animais tratados quimicamente, como os espontaneamente diabéticos,
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expressam sintomas como: polidipsia, politria, polifagia, emaciagio e outras complicacdes

semethantes ao diabetes humano.

L2-MUCOSA BUCAL

A mucosa bucal tem fungdes basicas similares as da pele, porém sem desempenhar
papel significativo na regulagdo da temperatura. Contudo, é uma regido de importancia
sensorial durante a mastigacdo dos alimentos, sendo que as forcas geradas pelos alimentos
podem perfurar ou abrasionar a mucosa. Assim, o epitélio superficial da mucosa forma uma
barreira as varias agressdes fisicas e quimicas (Mjor & Fejerskov, 1990). A mucosa bucal
pode ser dividida em mastigatoria, de revestimento e especializada. De maneira geral, tanto
em seres humanos como em roedores, a cavidade bucal apresenta-se revestida por epitélio
estratificado com células pavimentosas, sendo que a interface do epitélio com a lamina
propria € formada pela membrana basal. As glindulas salivares estio presentes nas porgdes
profundas da lamina propria e na submucosa, sendo que gléndulas sebaceas também podem
estar presentes. Em seres humanos, a mucosa bucal apresenta dois padrdes principais de
diferenciagdo, a queratinizagdo ¢ a ndo queratiniza¢io, ja nos roedores evidéncia-se apenas
o epitélio estratificado escamoso queratinizado, sendo as células epitelias da camada basal
colunares (McMillan, 1979; Martinez et al., 1998; Zorzeto, 1997, Marcondes, 2002). Os
quatro estratos histologicos sdo o basal, o espinhoso, o granuloso e o cérneo. Sendo que
destas camadas, o primeiro caracteriza 0 compartimento reprodutivo ou progenitor e os trés
ultimos o compartimento funcional. Ultra-estruturalmente, as células da camada basal
apresentam conspicuo reticulo endoplasmatico granular e complexo de golgi de localizagdo
perinuclear, com ribosomas aderidos na sua membrana. O micleo das células basais sio
arredondados ou ovais, com invaginagdes do envelope nuclear (Hamilton & Blackwood,

1977, Mjor & Fejerskov, 1990; Junqueira & Carneiro, 1995).




I.3-DIABETES E MUCOSA BUCAL

A relagdo entre o diabetes mellitus e a mucosa bucal, em especial, a ocorréncia da
doenca periodontal tem sido estudada tanto experimentalmente como na clinica. Em 1974,
um estudo mostrou a rea¢do inflamatoria periodontal em camundongos fémeas da linhagem
C57BL/KSI-db, que quando homozigotos expressavam o diabetes. Os autores
caracterizaram gengivite, espessamento do epitélio na regido sulcular, bem como ruptura do
ligamento periodontal, além de reabsor¢do dssea (Elgeneidy et al,, 1974). Ratos diabéticos
induzidos quimicamente pela aloxana foram analisados e¢ demonstrou-s¢ diminui¢do na
taxa de proliferagdo celular da mucosa bucal (Hamilton & Blackwood, 1977). Outra analise
avaliou o efeito do diabetes no metabolismo do coldgeno gengival demonstrando aumento
da atividade da enzima colagenase em ratos diabéticos, induzidos quimicamente pela
estreptozotocina (Ramamurthy & Golub, 1983). Correlacionou-se também, o efeito
prolongado do diabetes em ratos induzidos quimicamente pela aloxana, com a ocorréncia
de carie e doenca periodontal através de andlises histologicas e bactenologicas. Esses
autores verificaram intensa ocorréncia destas lesdes, além de significativo aumento de
lactobacilos na flora da mucosa bucal dos animais diabéticos (Reuterving et al., 1986). Em
1996, experimento utilizando ratos diabéticos por administragdo de estreptozotocina,
demonstrou a degeneragio de fibras nervosas no tecido gengival desses animais (Gyorfi et
al., 1996). Também, foi analisado importante redugdo na proliferacdo celular das células
basais da mucosa bucal de ratos, induzidos ao diabetes quimicamente atraves da
estreptozotocina (Shirai et al., 1998). Posteriormente, outro estudo com ratos também
diabéticos por estreptozotocina, sugeriram importante diminui¢io na toleréncia dos tecidos
de suporte gengival quando submetidos & pressdo mecinica continua (Mori et al., 1999).
Semelhante estudo, verificou a aceleracio de fragmentagio de DNA epitelial em ratos
diabéticos induzidos por estreptozotocina. Os autores observaram uma prematura
fragmentagio do DNA no epitélio mastigatorio quando submetido a pressdo (Maruo et al,,
2001). Da mesma maneira estudos relacionando o diabetes com a cavidade bucal tém sido
realizados em seres humanos. Hove & Stallard (1970), investigaram a relag@io do diabetes

com o periodonto em pacientes de ambos os géneros, com idade e grau socio-econémico



equivalentes, constatando aumento de doenga periodontal e processo inflamatorio crénico
além de mudangas vasculares periodontais. Frantzis (1971), avaliou ultra-estruturalmente
os capilares da membrana basal em pacientes diabéticos com doenca periodontal. Vinte e
quatro pacientes divididos em 3 grupos, sendo esses: 1) com 8 pacientes ndo diabéticos,
livres de doenga periodontal com média de idade de 31,7 anos, 2) 8 pacientes ndo
diabeticos, com doenca periodontal e idade média de 49,5 anos e 3) 8 pacientes, com
ocorréncia de doenca periodontal e diabetes, com média de 46,1 anos de idade. Os
resultados demonstraram que nos pacientes diabéticos os capilares da membrana basal
exibiam aumento da espessura da parede do vaso. Também foi avaliado a espessura da
membrana basal de pacientes diabéticos, dos géneros feminino e masculino na faixa etéria
de 14 a 54 anos, com ou sem inflamagio gengival. Os autores mostraram aumento da
espessura da lamina basal, contudo a morfologia dos vasos sanguineos nfo apresentaram
mudangas, especialmente relacionadas a espessura da parede (Listgarten et al, 1974). Em
outro estudo, apos avaliarem pacientes comprovadamente diabéticos (IDDM), constataram
alta prevaléncia de lesGes bucais, gengivite e periodontite (Cianciola et al, 1982;
Guggenheimer et al, 2000). Em 1984, foram avaliados 45 pacientes diabéticos (21
masculinos e 24 femininos) com idade de 10 & 18 anos, sendo essa populagio
razoavelmente homogénea, e ndo demonstraram periodontite. Segundo esses autores,
embora os trabalhos sugiram aumento da freqiiéncia da doenca periodontal em pacientes
jovens com IDDM, ¢ inapropriado generalizar a extens3o do problema, mostrando que esta

relagdo ndo esta ainda bem elucidada (Barnett et al., 1984).

II- JUSTIFICATIVA E OBJETIVO

Estudos clinicos e experimentais vém demonstrando que o diabetes mellitus altera o
processo fisiologico nos tecidos, os quais podem ser relevantes para a patogénese de
doencas da mucosa da cavidade bucal. Contudo, os trabalhos apresentam metodologias
divergentes, provavelmente devido a diversidade de metodologias empregadas relacionadas

a heterogeneidade amostral, controle de consumo calérico, tempo do diabetes, faixa etaria e



avaliagio detalhada do comprometimento celular. Assim, uma analise estrutural e ultra-
estrutural visando demonstrar as alteragles teciduais da mucosa bucal se faz necessaria,
bem como as correlacdes envolvendo a morfologia da mucosa com processos de reparo e
infeccio.

Isto posto, o objetivo do presente estudo foi avaliar os efeitos deletérios do diabetes
mellitus sobre os aspectos microscOpicos e ultra-estruturais associados 4 parimetros

estereoldgicos da mucosa jugal de camundongos espontaneamente diabéticos.
HI-MATERIAIS E METODOS
I 1- GRUPOS EXPERIMENTAILS

No presente estudo foram utilizados 27 camundongos fémeas, sendo 9
camundongos Nod diabéticos positivos {grupo I}, 9 camundongos Nod negativos (grupo 1)
e 9 camundongos BALB/C (grupo III) na faixa etaria de 12 & 18 semanas, pesando em
média 22 gramas, provenientes do Centro de Bioterismo/Unicamp. Os animais dos grupos
1T e III foram controles negativos do grupo I, comprovadamente diabético. Nos animais
pertencentes aos irés grupos realizou-se monitoramento diario da urina onde foi avaliado os
niveis de glicose (mg/dl), proteina (mg/dl) e o pH. A urina desses animais foi coletada
através de compressio manual na regido da bexiga urinaria, desprezando~-se a primeira
gota. A seguir, o concentrado de urina foi colocado em contato com a fita reagente
(Multistik. 10 SG Bayer). A leitura do resultado se realizou apOs trinta segundos &
aplicagio dessa fita reagente, relacionando-se com a tabela fornecida pelo fabricante para
as mensuragdes dos niveis dos elementos citados acima. Todos os animais receberam como
dieta solida ragdo Purnina® na forma de grios e agua ad-libitum. Ao longo do periodo
experimental foram realizadas mensuracdes dos consumos de liquido e solido nos animais
dos trés grupos. Os pesos corporeos (g) dos animais foram verificados no inicio e no final

do experimento.



11.2- PROCEDIMENTO DE COLETA DAS AMOSTRAS

Apés 20 dias da caracterizacdo do estado diabético, nos animais do grupo 1
(Nod/positivo), os camundongos de todos os grupos foram anestesiados com
Francotar/Virbaxil (1:1), na dosagem de 0,25 ml/100gr de peso corporeo e realizou-se a
coleta da mucosa bucal (regido jugal). As amostras de mucosa foram retiradas da regido
jugal através da dissecagdo com lamina de bisturi cirorgico n° 15, tomando como
referéncia & comissura labial, onde realizou-se uma incisio em forma de “V”
acompanhando a maxila e a mandibula com aproximadamente 0,8 cm. (Figura 1A). Os
musculos bucinador e masseter ndo foram removidos. Cada amostra coletada, para anélises
de microscopias de luz, eletronica de transmissio e estereclogicas, mediu aproximadamente

0,5 cm (Figura 1B). Antecedendo a retirada, a regifo foi fotografada com maquina modelo
ZENIT 12 XSL. '



Figura 1 A: Local da coleta na mucosa bucal de camundongos do grupo controle. Observa-
se mucosa bucal (MB), comissura labiat (CL), masséter (M), dentes (I3). B: Amostra da

mucosa bucal medindo aproximadamente 0,5 cm. x 5.

[.3- MICROSCOFIA DELUZ

As amostras de mucosa bucal foram coletadas de gquatro animais de cada grupo e

fixadas em Bouin (Solugio aquosa saturada de acido picrico~ 75 mi, formol- 25 mi, acide



acético glacial- 5 ml) por 12 horas. Apos a fixagdo, os tecidos foram lavados em agua
corrente por 30 minutos e a seguir, sofreram desidratagiio em uma série crescente de alcoois
(alcool 80% - 2 vezes, alcool absoluto — 3 vezes; 1 a 2 horas cada). Posteriormente, os
fragmentos foram diafanizados com xilol durante 1 a 2 horas até que se tornem
translucidos. Os fragmentos foram incluidos em Paraplast Plus a 56 C, em estufa por
aproxumadamente 1 hora. A inclus@io foi realizada em formas plasticas. Os tecidos foram
orientados e posicionados cuidadosamente no fundo das formas, visando a obtenco dos
cortes histologicos transversais. Os blocos foram aparados, de modo a ter superficies planas
e paralelas para poderem ser fixados no micrétomo. A espessura dos cortes obtidos foi de
cinco micrometros. A seguir, os fragmentos foram colocados sobre as Ildminas
albuminizadas e levadas para estufa a 60° C. Posteriormente, o material processado foi
corado com hematoxilina/eosina e fotografado no fotomicroscépio Axioskop Zeiss em

objetivas de 100 x, usando-se filmes KodaK Tmax de 135 mm, ASA 100.
1. 4- MICROSCOPIA ELETRONICA DE TRANSMISSAO

Os cinco amimais remanescentes de cada grupo destinados ao estudo ultra-estrutural
foram perfundidos através do ventriculo esquerdo com solugfo salina heparinizada com
posterior fixacdo em solugio de Kamovsky (Karnovsky, 1965). A mucosa bucal foi
coletada e fragmentada, com aproximadamente 5mm de espessura. Posteriormente, 0s
fragmentos foram submetidos ao complemento da fixacdo por imersdo no mesmo fixador
por 12 horas e pos fixados em tetroxido de 6smio a 1 % em tampdo fosfato, 0,1 M, pH 7,4
por duas horas. Na sequéncia, os fragmentos foram lavados em agua destilada e
contrastados com acetato de uranila a 0,5 % em solugfo aquosa de sacarose por 12 horas
posteriormente, os fragmentos foram desidratados em série crescente de acetona e incluidos
em resina {Polyscience). Os blocos foram cortados em um ultramicrotomo LKB 8800
ultratome III com 0,5 a 0,8 micrometros de espessura. Os cortes semifinos foram realizados
com navalha de vidro, montados em laminas ¢ corados com azul de toluidina a 1 %, para
escotha da regifio desejada. Finalizando, fez-se cortes ultrafinos os quais foram montados

em telas de cobre de 200 mesh e pos—contrastados com acetato de uranila (Reynolds, 1963)
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e citrato de chumbo (Watson, 1958). Posteriormente, foram examinados e fotografados em
um microscopio eletronico de transmissio LEO - 906 (Laboratdrio de Microscopia

Eletronica do Instituto de Biologia da Unicamp).
JI1.5- ANALISE ESTEREOLOGICA FM MICROSCOPIA DE LUZ

Para o estudo morfométrico foram utilizados 4 animais de cada grupo experimental,
(Camundongos NOD diabéticos positivos — Grupo I, Camundongos NOD ndo diabéticos —
Grupo 11, Camundongos BALB/C - Grupo III), onde foram quantificados os volumes
citoplasmatico e nuclear das células da camada basal da mucosa bucal. As seccBes da
mucosa bucal da regifio jugal foram provenientes dos cortes histologicos corados com
hematoxilina e eosina. Para a quantificagdo do volume nuclear foram medidos os didmetros
de 50 nacleos das células basais epitéliais da mucosa bucal, de cada animal, totalizando 200
micleos em cada grupo estudado. A escolha dos nucleos foi ao acaso, priorizando os limites
celulares definidos. As medidas foram realizadas com auxilio de ocular graduada (10 x)
acoplada ao microscopio de luz Olympus CBB, fixando-se as observagdes com a objetiva
de 100x. A calibragem da ocular foi realizada através de 1dmina Zeiss, com divisdes de 0,01
mm (10 nm) para obtengfo da unidade em micrémetros. A partir desses valores, foram
calculados as médias dos-volumes dos micleos através da seguinte formula V=4/3r (d/2) ?
D/2, sendo “d” didmetro menor e “D” didmetro maior. Além disso, foram realizadas
medidas para determinacio quantitativa das fragdes de volume (Vv) ocupadas pelo nicleo e
pelo citoplasma das células epiteliais basais da mucosa bucal. Essas mensura¢bes foram
feitas através de uma ocular 10 x contendo um reticulo de integracdo quadnlatero com 100
pontos acoplados ao microscopio de luz Olympus CBB e objetiva de 100 x. Atraves desse
reticulo, foram observados e contados os pontos localizados sobre os nucleos e sobre o
citoplasma das células de quatro campos previamente definidos. A frag8o de volume
ocupada pelo nucleo em relagdo ao citoplasma foi calculada usando-se a seguinte formula:
Vv =p/P
Vv = densidade de volume ou fragdo de volume (%)

p = numero de pontos sobre o nicleo
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P = numero total de pontos ou soma dos pontos sobre os nacleos e citoplasmas nos

diferentes campos (Weibel, 1979; Mandarim de Lacerda, 19953).

II.6- ANALISE ESTATISTICA

O estudo estatistico foi realizado para as seguintes variaveis: peso corpéreo inicial
(g), peso corpéreo final (g), espessura do epitélio (um), volume nuclear (um’), volume
citoplasmatico (um’), consumo de tagio (g) e consumo de liquido (ml), através da técnica
de analise de varidncia (paramétrica e ndo paramétrica), complementada com o teste de
comparagOes multiplas envolvendo todos os pares de grupo (Norman & Streiner, 1994),

Todo o estudo foi realizado com 1% de significincia (Montgomery, 1991).
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ABSTRACT

Several studies have been carried out in an attempt to establish the deleterious
effects of diabetes on the oral mucosa, as well as to reverse these effects through treatment
or diet. However, doubts regarding morphological alterations remain. Thus, the presente
study aims to perform histological, ultrastructural and stereological analyses of the oral
mucosa in spontaneously diabetic mice and correlated the findings with the processes of
tissue repair, healing and susceptibility to infection. Twenty-seven female mice were
divided into three experimental groups: control, nondiabetic Nod and diabetic Nod animals.
After characterization of diabetic status, through daily monitoring of glucose levels with
Bayer MultistiK. 10 SG reagent strips, samples were collected from the oral mucosa and
processed for light and transmission electron microscopy. Reduced epithelial thickness and
atypical epithelial cells mainly in the basal cell layer, accompanied by a marked involution
of cell volume, were observed in the diabetic group. It was concluded that spontaneous
diabetes leads to alterations in the basic biology of the oral mucosa, compromising tissue

function and favoring the occurrence of oral infections.
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I-INTRODUCTION

The worldwide incidence of patients with diabetes has shown an amazing increase
during the last few years, with about 160 million individuals being diabetic and with this
figure tending to double within the next 25 years (Ritz, 2002). In 2002, 8% of the Brazilian
population aged 30 to 70 years was estimated to develop diabetes. However, 50% of these
individuals are unaware of the disease (Ministério da Satde, 2002). In the United States,
diabetes 1s responsible for 2% of deaths and is among the ten diseases that most kill in the
country, with an annual rate of 54.000 deaths (Parker, 1997). Diabetes mellitus 1s a chronic
disease that affects protein, carbohydrate and fat metabolism, resulting in severe metabolic
disorders. The main characteristic of this disease is hyperglycemia, reflecting deficient
carbohydrate utilization (glucose), which is the consequence of abnormal insulin secretion
or of an abnormal effect of insulin on tissues (Robbins, 1989; Conget, 2002). One
manifestation of diabetes mellitus is type I, or insulin-dependent or juvenile, diabetes which
develops in approximately 10% of western diabetic patients (Stefan, 1996). This type of
diabetes results in severe and absolute insulin deficiency caused by a decline in beta cells.
This form becomes more aggressive during puberty, with three interconnected mechanisms
being responsible for beta cell destruction: genetic susceptibility, autoimmunity and
environmental aggression (Cotran, 2000; Homo-Delarche, 2001). In contrast, obesity is the
main characteristic of the other form of diabetes, called type II or non-insulin-dependent
diabetes, which leads to a reduction in the number of insulin receptors on target cells and
thus to meflicient amounts of insulin (Ellembergm& Rifkin, 1962; Robbins, 1989). Several
attempts have been made to elucidate the etiology of diabetes and its deleterious effects on
the orgamec systems, in addition to reversing these effects through treatment or diet. Thus,
the utilization of different animal species with chemically induced or spontaneous diabetes
has received great attention from researchers. Nod {nonobese diabetic) mice are animals
with spontaneous diabetes which develop a form of diabetes that resembles human type 1
diabetes (Makino et al., 1980), while Wistar Chinese present a disease resembling diabetes
type II (Herberg & Coleman, 1977). Other animals used in such experiments are those with

chemically induced diabetes such as dogs and other rodents including those of the
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homozygous diabetic C57BL/Ksj lineage (db/db). Diabetes is a debilitating disease leading
to various complications, including vascular, renal, ophthalmic and neurological
deficiencies, weight loss, digestive problems and reproductive deficiencies (Stefan, 1996;
Cagnon et al., 2000; Gomes et al_, 2002). An association between diabetes mellitus and oral
mucosal alterations has also been observed in both experimental studies and clinical
practice, including alterations in the healing process of lesions as well as the triggering of
infectious processes in the lining mucosa (Gomori & Goldner; 1943, Fushini, 1980; Shunk
Mei-Ho, 1990). In addition, studies on alloxan-induced diabetic rats have shown a marked
decline in the cell proliferation rate of the oral mucosa, an increase in the lactobacillus flora
and the presence of caries and periodontal disease (Hamilton & Blackwood, 1977;
Reuterving et al.,, 1986). Subsequently, another study using streptozotocin-diabetic rats
suggested an important reduction in the tolerance of gingival supporting tissues to
continuous mechanical pressure (Mori et al., 1999). However, the results of these studies
are controversial, probably because of differences in the methods employed, which are
related to sample heterogeneity, control of calorie ingestion, duration of diabetes and age
group analyzed. The objective of the present study was to determine possible alterations in
the histology, ultrastructure and stereological parameters of the oral mucosa of
spontaneously diabetic mice, as well as the correlation between these alterations and tissue

remodeling and the pathogenesis of diseases related to the mucosa of the oral cavity.

II- MATERIAL AND METHODS

Animals and tissue preparation

A total of 27 female mice (Nod and BALB/c) aged 12 to 18 weeks were divided
into three experimental groups: diabetic Nod mice, nondigbetic Nod mice and BALB/c
mice (control). Glucose levels (mg/dl) were measured in all three groups with Bayer
MultistiK 10 SG reagent strips. Twenty days after the characterization of diabetic status in
diabetic Nod mice, all animals were weighed, anesthetized with Francotar/Virbaxil

(1:1/0.25 ml/'100g body weight) and sacrificed. Samples of the cheek mucosa were then
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removed for light and transmission electron microscopic analysis. For light microscopy,
mucosa samples obtained from four amimals of each group were fixed in Bouin’s solution,
embedded in plastic resin (Paraplast) and stained with hematoxylin and eosin and
photomicrographs were obtained with a Nikon photomicroscope. For transmission electron
microscopy, five animals of each group were perfused with Kamovsky’s solution
(Karnovsky, 1965). The material was immediately removed, fixed in the same solution for
24 h and post-fixed in 1% osmium tetroxide for 2 h. Specimens were then dehydrated,
embedded in plastic resin (Polyscience), cut into ultrathin sections with an LKB
ultramicrotome, and counterstained with uranyl acetate (Watson, 1958) and lead citrate
(Reynolds, 1963). The material was examined and photographed under a LEQ-906
transmission electron microscope at the Laboratory of Electron Microscopy, Institute of

Biology, Unicamp.

Light microscopy morphometric analysis

Material used for quantitative analysis was obtained from samples of the different
experimental groups processed for light microscopy (control, nondiabetic Nod and diabetic
Nod mice). The morphometric parameters studied were cytoplasmic and nuclear volumes
of the basal cells and epithelial thickness. Cytoplasmic and nuclear volumes were measured
using the point counting method of Weibel (1979), with the nuclear volume being
determined by measuring the diameter of 50 basal epithelial cell nuclei of the oral mucosa
of each animal Epithelial thickness was determined based on the mean height of four
regions in the oral mucosa section using an ocular grid (10 mm/100, Zeiss) coupled to an

Olympus CBB microscope equipped with a 100X lens (Weibel, 1979).

Statistical analysis

Body weight variation, solid and fluid ingestion, mean basal cell nuclear and

cytoplasmic volume, and epithelial thickness were compared by Tukey’s mean comparison
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test (Montgomery, 1991), followed by a multiple comparisons test involving all group pairs

(Norman & Streiner, 1994). The level of significance was set at 1%.

II-RESULTS

Urine analysis

Gilycosuria levels were 0 mg/dl in 100% of the samples obtained from control and
nondiabetic animals, while glucose levels were 1000 mg/dl in the diabetic group throughout

the 20 days of the study.

Body weight and fluid and solid ingestion

A significant increase in body weight was observed for the control and nondiabetic
groups compared to diabetic Nod mice. Food and fluid ingestion was significantly lower in

the control and nondiabetic Nod groups than in diabetic Nod mice (Table 1).

Light Microscopy

A 9-um thick keratinized stratified squamous epithelium was observed in the oral
mucosa of control amimals (Table 2), showing the basal, spinosum, granulosum and
comeum cell layers with marked epithelial cristae situated above a clear basement
membrane (Figure 1A). In the basal cell layer, colummar cells with a centralized nucleus
following the major cell axis were observed (Figure 1A and Table 2). Upwards, in the
spinosum and granulosum layers cells were voluminous and spherical, respectively, and
contained a centralized nucleus. Superficially, flattened cells in the characteristic process of
desquamation were identified in the corneum layer (Figure 1A). The lamina propria
consisted of smooth muscle cells and different cell types intermingled among connective
tissue (Figure 1A). In nondiabetic Nod mice, the keratinized stratified squamous epithelium

showed a thickness of 43 pm (Table 2), occasional epithelial cristae and basal cells of
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reduced cytoplasmic and nuclear volume and impaired differentiation of the spinosum,
granulosum and corneum cell layers (Figure 1B and Table 2). Apparent involution and a
decrease in cell number was observed in the spinosum and granulosum cell layers,
respectively. Occasional cells in the process of discrete desquamation were noted in the
comneum layer (Figure 1B). The lamina propria consisted of smooth muscle cells and
different cell types scattered throughou connective tissue (Figure 1B). An atrophic, 2.85-
um thick keratinized stratified squamous epithelium situated above a basement membrane
with occasional epithelial cristae was observed in diabetic Nod mice (Figure 1C and Table
2). Identification of the different cell layers was difficult. In the basal cell layer,
pleomorphic cells showing a marked reduction in cytoplasmic and nuclear volume were
observed (Figure 1C and Table 2). Upwards, the difficult to characterize spinosum and
granulosum cells were apparently involuted and contained a nucleus of diffuse aspect. No
corneum cells or the typical superficial desquamation were detected (Figure 1C). The
lamina propria consisted of smooth muscle cells containing peripheral nuclei and different

cell types throughout connective tissue (Figure 1C).

Transmission electron microscopy

Ultrastructurally, the control group showed a stratified epithelium consisting of
basal, spinosum, granulosum and corneum cells. The basal cells were columnar and
contained a basal nucleus and a clearly visible nucleolus (Figure 2A and 2B). The
chromatin was homogenously distributed and condensed close to the nuclear membrane
(Figure 2B and 2C). Spherical and elongated mitochondria were noted in the basal cell
cytoplasm. Rough endoplasmic reticulum was located in the perinuclear region and
consisted of flattened and parallel cisternae, with desmosomes being clearly visible (Figure
2B, Inset). The spinosum cells were voluminous and polyhedral with an irregular nucleus
showing homogenous distribution of chromatin and a clearly visible nucleolus (Figure 2D).
The cytoplasm of these cells contained electron-dense spherical granules, in addition to
elongated tonofilaments following the cytoplasmic membrane. Spherical mitochondria and

marked rough endoplasmic reticulum were noted in the perinuclear region (Figure 2D). The
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granulosum layer was characterized by flattened cells with a centralized nucleus and
invagination of the nuclear membrane, in addition to the presence of a clearly visible
micleolus and condensed chromatin close to the nuclear membrane. The cytoplasm
contained spherical granules associated with elongated tonofilaments. Sphencal
mitochondria and marked rough endoplasmic reticulum were observed in the perinuclear
region. The cytoplasmic membrane showed indentations, occasional desmosomes and a
small intercellular space (Figure 2E). In the corneum layer, flattened cells lacking nuclei or
organelles, with ample desquamation were noted (Figure 2F). The lamina propria consisted
of connective tissue and transversal and longitudinal collagen fibers (Figure 2C), in
addition to a clearly visible basement membrane at the interface with the lining epithelium
(Figure 2B). In the nondiabetic Nod group, cellular involution (Table 2) was observed with
the nucleus occupying large part of the cytoplasm, in addition to a clearly visible nucleolus
and condensed chromatin close to the nuclear membrane (Figure 3C). Spherical
mitochondria and marked rough endoplasmic reticulum were clearly visible in the basal
region and close to the nuclear membrane (Figure 3B). The presence of lipid droplets in the
basal cytoplasm and desmosomes was also noted (Figure 3A and 3B, Inset). The spinosum
cells were found to be apparently involuted maintaining a polyhedral shape and containing
an irregular nucleus, condensed chromatin close to the nuclear membrane and a poorly
visible nucleolus (Figure 3D). The cvioplasm contained small electron-dense spherical
granules and the quantity of tonofilaments was apparently reduced. Spherical mitochondria
and marked rough endoplasmic reticulum were found scattered within the cytoplasm and in
the perinuclear region. An apparent increase in the intercellular space was also noted
(Figure 3D). In the granulosum cell layer, cells were found to be apparently involuted with
an irregular nucleus occupying large part of the cytoplasm. The cytoplasm contained
electron-dense spherical granules associated with elongated tonofilaments and occasional
mitochondria (Figure 3E). Superficially, the corneum layer was characterized by extremely
flattened cells accompanied by discrete cellular desquamation (Figure 3F). The lamina
propria consisted of connective tissue containing transversal and longitudinal fibers (Figure
3A), in addition to a clearly visible basement membrane at the interface with the lining

epithelium (Figure 3B). Diabetic Nod mice demonstrated an atypical, markedly involuted
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stratified epithelium and lipid droplets scattered among the different layers, ie., basal,
spinosum and granulosum cell layers (Figure 4A and 4D) The basal cell layer was
characterized by involuted and pleomorphic cells (Table 2), with an irregular nucleus
occupying most of the cytoplasm (Figure 4C). Spherical or elongated mitochondria, as well
as rough endoplasmic reticulum containing flattened cisternae located in the perinuclear
region were observed in the cytoplasm (Figure 4B, Inset, and 4C). The intercellular space
was markedly increased and contained occasional desmosomes (Figure 4B and 4C). The
spinosum cell layer was characterized by apparent cellular involution and pleomorphism,
with an irregular nucleus occupying most of the cytoplasm (Figure 4D). The cytoplasm
contained some tonofilaments and electron-dense granules. Spherical mitochondria were
observed in the perinuclear region, while the rough endoplasmic reticulum was absent. The
intercellular space was found to be increased (Figure 4D). The granulosum cell layer was
apparently reduced, contamning extremely flattened cells with an irregular nucleus
occupying most of the cytoplasm. The cytoplasm of these cells contained electron-dense
spherical granules (Figure 4E). The corneum layer was characterized by extremely flattened
cells lacking a nucleus and organelles. Discrete desquamation of the epithelium was
observed (Figure 4F). Transversal and longitudinal fibers were noted in the lamina propria
(Figure 4B), as well as a clearly visible basement membrane at the interface with the lining

epithelium (Figure 4C). Inflammatory process wasn’t observed,

1V-DISCUSSION

The results of the present study demonstrated high protein and glucose levels in the
urine of spontaneously diabetic mice, as well as a significant loss of body weight even
though the animals consumed significantly larger amounts of ration and fluid compared to
control. Several investigators have reported similar studies in which non-obese diabetic
mice spontaneously presented a syndrome similar to human type 1 diabetes, with symptoms
such as weight loss, polyuria, polyphagia, changes in cell lipid and protein metabolism and
high glucose levels in urine (Hunt & Baley, 1961; Hamilton & Blackwood, 1977,
Daubresse et al., 1978; Makino et al., 1980; Shirai et al, 1998; Maruo et al., 2001; Conget,
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2002). Thus, it can be concluded that the experimental model used here is wviable,
permitting the characterization of an effective diabetic status and drastic metabolic
imbalance, especially, in terms of carbohydrate and protein metabolism. Also, microscopic
examination of mice with confirmed diabetes showed atrophy of the oral epithelium with
clear cellular pleomorphism, as well as a difficulty in the differentiation of the various cell
layers. The cells of the proliferative layer showed significant volumetric involution of both
the cytoplasm and nucleus, with clearly visible deformity of the nucleus, scarce numbers of
cell organelles, cell membrane disorganization, as well as the accumulation of lipid droplets
in the cell cytoplasm. Also, the effectively functional spinosum and granulosum layers
showed an apparent decrease in cell numbers, involution of cell organelles, a clearly
reduced cytoplasm and nucleus, an increased intercellular space, as well as nuclear
irregularity and the presence of lipid droplets dispersed in the cytoplasm. The corneum
layer showed extremely flattened cells and slight superficial desquamation. However, it
wasn’t observed of characteristic cells of inflammatory processes in the connective tissue
adjacent to the epithelium. It is important to note that in nondiabetic Nod animals there was
also involution of the cytoplasmic and nuclear volume and the presence of eventual lipid
droplets dispersed throughout the basal cytoplasm, as well as in the other layers forming the
oral epithelium. However, the intensity of these structural alterations was nonsignificant
compared to those observed in the diabetic Nod group, although the structures differed
from the normal pattern observed in the control group. Few and divergent reports about the
effects of diabetes on the structure of the oral mucosa are available in the lterature.
Elgeneidy et al. (1974), using homozygous obes'é mice that expressed diabetes, detected a
chronic inflammatory process in connective tissue. Another study on the effects of
chemically induced diabetes in rats detected a reduced cell proliferation rate 3 to 4 weeks
after the characterization of diabetic status, with no epithelium atrophy (Hamilton &
Blackwood, 1977). Reuterving et al. (1986), verified periodontal disease characterized by
an inflammatory process in the oral tissue of rats with chemically induced diabetes. Similar
studies on rats with diabetes of 2 weeks duration showed the presence of inflammatory
cells adjacent to the oral epithelium with an inflammatory infiltrate in connective tissue

characterized by a reduced occurrence of fibroblasts and collagen and an increase in



plasmocytes compared to healthy animals (Gyorf et al, 1996; Seppili, 1997). An
experiment conducted on rats with streptozotocin-induced diabetes of 5 weeks duration did
not show an effective inflammatory process, although it did show a reduced cell
proliferation process and a reduced thickness of the lining epithelium (Shirai et al., 1998).
Another study on the effects of chemically induced diabetes in rats submitted to mechanical
pressure of the oral mucosa did not detect any inflammatory cells or epithelial atrophy, but
did detect a reduced cell proliferation rate (Mori et al., 1999). Similar data were obtained
also in experimentally diabetic rats over a period of 4 weeks, when cells of the oral mucosa
were found to show accelerated DNA fragmentation and apoptosis in the presence of
mechanical pressure with reduced intercellular adhesion in the spinosum layer and early
exfoliation of the corneum layer. However, the authors emphasized the maintenance of
laminar arrangement and cell layer thickness (Maruo et al., 2001). Thus, it was concluded
that experimental diabetes led to significant cellular transformations in the different layers
of the oral epithelium. In addition, it can be suggested that the time of maintenance of
diabetic status wasn’t decisive for the ocurrence of inflammatory processes. Also, it was
concluded that the morphological alterations detected in nondiabetic Nod animals, although
discrete, predisposed to a deficient cell proliferation, adhesion and replacement process
possibly causing functional deficiencies of the oral mucosa. In parallel to the experimental
findings, previous clinical observations showed that diabetic patients are susceptible to oral
diseases probably because of their reduced defenses against infections related to the
impaired process of lesion healing to the suppression of collagen synthesis and to excessive
collagenolytic activity leading to the destruction of periodontal tissues (Prichard, 1966;
Grossi et al., 1996). Another study in which biopsies from 28 adult diabetic patients were
assessed also revealed increased periodontal disease as demonstrated by the presence of
chronic inflammatory cells (Hove & Stallard, 1970). In contrast, a study analyzing biopsies
from diabetic patients of different ages did not demonstrate significant inflammatory
processes in connective tissue or morphological changes in blood vessels (Listgarten et al.,
1974). A similar study on diabetic patients of different ages revealed a high incidence of
gingivitis and periodontitis with the intensity of these diseases being directly proportional

to chronological age and not to the duration of diabetes (Cohen et al., 1970; Cianciola et al.,
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1982). However, Barnett et al. (1984) detected a low incidence of periodontitis in 45 young
diabetic patients and suggested that it is not appropriate to relate the chronological age
factor to the incidence of oral diseases. According to Renner (1981), diabetic patients
wearing dentures present high rates of ulceration of the supporting oral mucosa. Thus, the
tissue alterations detected in the present study definitely confirm the findings and
inferences reported in the specialized clinical literature. It can be concluded that the
structural and ultrastructural alterations characterized in the presence of diabetes mellitus
impair the lining and protective functions and the transmission of sensations from the
exterior enviromment to the oral mucosa, modifying the oral homeostasis and the clinical
course of the processes of epithelial inflammation, regeneration and healing. In addition,
these alterations expose the oral mucosa to the action of infectious agents and of possible

carcinogens, topics that should be studied in future investigations.
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Figure legends

Figure 1 Photomicrographs of the oral epithelium of muce. A: Control: keratimzed,
stratified squamous epithelium showing desquamation (arrow), wide epithelial cristae
(curved arrow), muscle cells (arrowhead) and lamina propria (L.). Note the four epithelial
layers, i.e., basal (SB), spinosum (SS), granulosum (SG) and corneum (8C) cell layers.
750X, H.E. B: Nondiabetic Nod mice: keratinized, stratified squamous epithelium showing
discrete desquamation {arrow), involution of epithelial cristae (curved arrow), lamina
propria (L) and muscle cells {(arrowhead). Note the reduced epithelium with differentiation
of the basal (SB), spinosum (S8), granulosum (SG) and comeum (SC) cell layers. 750X,
HE. C: Diabetic Nod mice: atypical keratinized, stratified squamous epithelium without
evidence of epithelial desquamation (arrow), involution of epithelial cristae (curved arrow),
marked involution of basal cells (SB), muscle cells {arrowhead) and lamina propria (L).
750X, HE.

Figure 2 Transmission electron photomicrographs of the epithelial cells of the oral mucosa
of control amimals. A: Observe the columnar basal cells (asterisk) and tonofilaments (T).
4.176X. B: Note the presence of the intact basement membrane (thin arrow), clearly visible
nucleolus (NU) and condensed chromatin close to the nuclear membrane (C). 5.395X.
Inset: Detail of the basal cell layer showing marked rough endoplasmic reticulum
(arrowhead), mitochondria (M) and desmosome (D). 15.500X. C: Detail of the basal cell
layer showing columnar cells and condensed chr&ﬁéﬁn close to the nuclear membrane (C).
Lamina propria with collagen fibers (F). 11.625X. D: Spinosum cell layer containing
polvhedral cells with a clearly visible nucleus (star), rough endoplasmic reticulum
(arrowhead), mitochondria (M), electron-dense granules (E), tonofilaments (T), discrete
intercellular space (long arrow) and clearly visible desmosomes (D). 5.395X. E: Flattened
granulosum cells (asterisk) with a nucleus following the shape of the cell (star) and a
clearly visible nucleolus (NU), mitochondna (M), electron-dense granules (E) associated
with tonofilaments (T) and reduced intercellular space (long arrow). 5393X. F:

Desquamation of the corneum layer (SC). 11.625X.
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Figure 3 Transmission electron photomicrographs of the epithelial cells of the oral mucosa
of nondiabetic Nod mice. A: Observe the involuted basal cells (asterisk), tonofilaments (T),
lipid droplet (short arrow) and lamina propria with clearly visible collagen fibers (F).
5.395X. B: Intact basement membrane (thin arrow), mitochondria (M), marked rough
endoplasmic reticulum (arrowhead) and tonofilaments (T}. Note the condensed chromatin
close to the nuclear membrane (C). 11.625X. Inset: Detail of the basal cell layer showing
desmosomes (D). 15.500X. C: Detail of the basal cell layer showing nuclear deformity,
marked rough endoplasmic reticulum (arrowhead), tonofilaments (T), a clearly visible
nucleolus (NU), condensed chromatin close to the nuclear membrane (C), reduced
intercetlular space (long arrow) and the lamina propria with collagen fibers (F). 11.625X.
D: Apparently involuted cells of the spinosum layer containing a clearly visible nucleus
(star), mitochondria (M), electron-dense granules (E), tonofilaments (T), desmosomes (D),
and condensed chromatin close to the nuclear membrane (C). Note the apparent increase in
intercellular space (curved arrow). 5.395X. E: Apparently involuted granulosum cells with
the nucleus following the shape of the cell (star), electron-dense granules (E) associated
with tonofilaments (T), and reduced intercellular space (long arrow). 5.395X. F: Corneum

cells showing discrete superficial desquamation (SC). 11.625X.

Figure 4 Transmission electron photomicrographs of epithelial cells of the oral mucosa of
diabetic Nod mice. A: atypical and involuted basal cells (asterisk). Note the presence of
lipid droplets m the epithelial layers (short arrow). 4.176X. B: Evident increase in the
intercellular space (curved arrow). Note the presence of mitochondria (M), nucleus (star)
and clearly visible nucleolus (NU). 5.395X. Imset: Detail of the basal cell layer, showing
rough endoplasmic reticulum (arrowhead), golgi complex (G) and desmosomes (D).
15.500X. C: Detail of the basal cell layer showing involuted cells, increased intercellular
space (curved arrow), lipid droplets (short arrow), mitochondra (M), nucleus with marked
indentations (star), condensed chromatin close to the nuclear membrane (C) and a marked
Golgi complex (G). 11.625X. D: Note the apparently involuted spinosum cells with lipid
droplets (short arrow), irregular nucleus (star), condensed chromatin close to the nuclear

membrane (C), mitochondria (M), electron-dense granules (E), apparently increased



intercellular space (curved arrow) and desmosomes (D). 11.625X. E: Apparently involuted
granulosum cells (asterisk), nucleus following the shape of the cell (star), electron-dense

granules (E) and teduced intercellular space (long arrow). 3395X. F: Duscrete

desquamation of the corneum layer (SC). 11.625X.
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Tables

Table 1: Mean and standard deviation of body weight variation (final weight — initial

weight), and fluid and solid ingestion in control and nondiabetic (Nod-) and diabetic

(Nod+) Nod mice.
Variable Control Nod- Nod+
Weight variation (g) 1.20+1.18 1.60+1.09 -2.40%1.15"
Fluid ingestion (ml) 4794411 24.7242.99 173.86+11.74
Solid ingestion (g) 37.65£4.20 47 84%5.50 55.25£2.99°

“Significantly different at the 1% level.

Table 2: Mean and standard deviation of nuclear and cytoplasmic volume of basal cells

and thickness of the epithelium of the oral mucosa in control and nondiabetic (Nod-) and

diabetic (Nod+) Nod mice.
Variable Control Nod- Nod+
Nuclear volume (um’) 3.08+0.24(c) 2.3420.29(b) 1.83+0.29(a)
Cytoplasmic volume (umr’) | 8.03+0.719(c) 6.30+0.78(b) 4.40+0.88(a)
Epithelial thickness (um) 9.00+0.82(c) 4.30+0.48(b) 2.85+0.81(a)

“a,b,c indicate significant differences at the 1% level



IV-CONSIDERACOES E CONCLUSOES FINAIS

1) Nos camundongos comprovadamente diabéticos, observou-se perda de peso
corpéreo mesmo tendo esses animais significativa ingestao de ragéo e de agua, além de
elevados niveis de proteina e glicose na urina, podendo-se concluir que o modelo
experimental utilizado foi adequado caracterizando efetivo quadro diabético e drastico
desequilibrio metabolico, especialmente, de proteinas e de carboidratos.

2) O diabetes espontineo provocou atrofia do epitélio bucal com nitido pleomorfismo
das células da camada proliferativa, além de dificuldade na diferenciagdo dos diferentes
estratos celulares. Na camada basal, detectou-se comprovada involugdo do volume
citoplasmatico, nuclear e acamulo de gotas lipidicas no citoplasma celular, assim como nas
outras camadas que constituem o epitélio bucal. Contudo, ndo evidenciou-se a ocorréncia
de células caracteristicas de processos inflamatérios. Assim, concluiu-se que o quadro de
diabetes experimental levou a expressivas transformagdes celulares tanto da camada
proliferativa como das camadas funcionais comprometendo os processos de reposi¢ao
celular, revestimento e protegdo, prejudicando a homeostase bucal. Também, pode-se
sugerir a modificagdo do curso clinico nos mecanismos de reparo epitelial frente a
processos infecciosos.

3) E importante destacar que, nos animais do grupo Nod sem a expressdo do diabetes,
também detectou-se involugio do volume citoplasmatico, nuclear e eventuais gotas
lipidicas dispersas pelo citoplasma basal, assim como nas outras camadas que constituem o
epitélio bucal. Porém, a intensidade de tais alteragdes estruturais foram insignificantes
frente as ocorridas no grupo Nod positivo, mas diferenciais do padrio de normalidade
representados no grupo controle. Podendo-se concluir que, as mudancas morfoldgicas
demonstradas nos animais Nod negativos predispostos geneticamente ao diabetes, embora

discretas podem levar a deficiéncia no desempenho das fungSes na mucosa bucal.



“EFEITOS DO DIABETES ESPONTANEO SOBRE A MUCOSA BUCAL DE CAMUNDONGOS (NOD).”
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